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Abstract

Background: The location in which physical activity and sedentary behavior are performed can provide valuable behavioral
information, both in isolation and synergistically with other areas of physica activity and sedentary behavior research. Global
positioning systems (GPS) have been used in physical activity research to identify outdoor location; however, while GPS can
receive signalsin certain indoor environments, it is not able to provide room- or subroom-level location. On average, adults spend
ahigh proportion of their time indoors. A measure of indoor location would, therefore, provide valuable behavioral information.

Objective: This systematic review sought to identify and critique technology which has been or could be used to assess the
location of physical activity and sedentary behavior.

Methods: To identify published research papers, four el ectronic databases were searched using key terms built around behavior,
technology, and location. To be eligible for inclusion, papers were required to be published in English and describe a wearable
or portable technology or device capable of measuring location. Searches were performed up to February 4, 2015. This was
supplemented by backward and forward reference searching. In an attempt to include novel deviceswhich may not yet have made
their way into the published research, searches were also performed using three Internet search engines. Specialized software
was used to download search results and thus mitigate the potential pitfalls of changing search agorithms.

Results: A total of 188 research papers met theinclusion criteria. Global positioning systemswere the most widely used location
technology in the published research, followed by wearable cameras, and radio-frequency identification. Internet search engines
identified 81 global positioning systems, 35 real-time locating systems, and 21 wearable cameras. Real-time locating systems
determine the indoor location of a wearable tag via the known location of reference nodes. Although the type of reference node
and location determination method varies between manufacturers, Wi-Fi appears to be the most popular method.

Conclusions: The addition of location information to existing measures of physical activity and sedentary behavior will provide
important behavioral information.

(J Med Internet Res 2015;17(8):€192) doi:10.2196/jmir.4761
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Introduction

Physical activity hasalong-established rel ationship with several
chronic conditionsincluding diabetes, heart disease, and certain
forms of cancer [1]. Recent evidence suggests that sedentary
behavior carries deleterious effects on health outcomes
independent of moderate-to-vigorous physical activity (MVPA)
inyoung people[2] and adults[3], although thisisnot auniform
finding [4]. Sedentary behaviors are defined as any waking
activity with an energy expenditure of <1.5 metabolic
equivalents (METs) whilein asitting or reclining position [5].
A paradigm shift isunderway toward an increasing appreciation
of the importance of reducing sedentary time aongside
increasing physical activity [6].

Within the behavioral epidemiology framework [7], thelocation
of abehavior may influence the correlates of the behavior and
the intervention strategies needed to change behavior.
Discerning the varying contribution of multiple locations to
physical activity and sedentary time will alow researchers to
target interventions to locations which are associated with the
lowest levels of physical activity or highest levels of sedentary
time. Understanding the contribution of multiple locations to
health behaviors first requires the accurate measurement of
location, as suggested by the behavioral epidemiology
framework [7,8].

Sedentary behavior and physical activity differ in the domains
and locations in which they are likely to occur. Sedentary time
is likely, though not exclusively, to occur indoors at the home,
at work or school, or in leisure pursuits such as eating a meal
or going to the cinema. Conversely, MV PA may occur through
active transport, housework, or purposeful exercise. This can
beillustrated through the close link between adults, on average,
spending approximately 90% of time indoors [9,10] and
approximately 60% of time in sedentary activities [11]. The
large proportion of time spent indoors and the increasing
research focus on sedentary behavior suggest that an accurate
measure of where behavior occursindoorswould be particularly
valuable.

Determining where physical activity and sedentary time are
performed will provide valuable information in isolation;
however, it can also act in a synergistic manner. For example,
much recent effort has focused on the use of complex pattern
recognition techniquesto determine the mode or type of activity
being performed from raw accel eration data. Depending on the
classification method used, classification accuracies between
50% and 90% have been achieved [12]. Given the probabilistic
nature of these activity classification methods, the inclusion of
location-based data into the current algorithms may provide
greater levels of accuracy. For instance, the likelihood of stair
climbingisgreatly increased if anindividual isnear astaircase.
Similarly, context-sensitive questioning via ecological
momentary assessment (EMA) [13] can be enhanced by using
location to trigger desirable questions in place of time-based
Cues.

Furthermore, measurement of indoor location could benefit
research into the correlates of physical activity or sedentary
behavior. For example, the presence of a television set in a
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child’s bedroom may be a correlate of higher screen time [14];
however, this may be a stronger correlate for those who spend
more time in their bedrooms. Establishing how much time a
child spends in their bedroom via objective indoor location
could, therefore, fully elucidate the strength of this correlate.
Thus, the accurate measurement of location could greatly
enhance several areas within physical activity and sedentary
behavior research, both in and of itself and as an adjunct to other
research areas.

Individuals may be able to accurately report the broad location
of their physical activity and sedentary behavior [15]; however,
self-report location instruments are unable to provide detailed
and temporally patterned location information. Objective
monitoring could, therefore, provide a more robust means to
measure the location of physical activity and sedentary behavior.
To date, time indoors has been inferred through the lack of a
global positioning system (GPS) signal [16] or through the use
of alight (lux) sensor incorporated into activity monitors [17].
However, these methods are only able to differentiate indoor
from outdoor and do not provide room- or subroom-level
location. Alongside measures of outdoor location, there is,
therefore, a need for measures of room- and subroom-level
indoor locations, which are feasible for use in this field of
research. This review aims to provide an overview of devices
and technology currently used, or that could potentially be used,
to assess the indoor or outdoor location of physical activity
and/or sedentary behavior.

Methods

Search Strategy

Search strategies to identify potentialy relevant articles were
built around three key groups of keywords. behavior,
measurement, and context. Key termswere asfollows: sedentary
lifestyle, sedentary lifestyles, sedentary behav*, screen time,
seden*, sitting time, motor activity, motor activities, physical
activity, or activities of daily living; measur*, assess*, patterns,
monitor, or sensor; and context*, setting, location, mode,
domains, or environment. Scopus, Web of Science, PubMed,
Intitute of Electrical and Electronics Engineers (IEEE), and
OpenGrey were searched using the key terms up to February
4, 2015. Subsequently, forward and backward searching of
included articles (ie, references and articles citing the included
article) was conducted to identify any further eligible articles.
In addition, manual searches of personal files were conducted.

Inclusion and Exclusion Criteria

To beincluded in thisreview, studies were required to meet the
following criteria: (1) be published in the English language, (2)
either describe atool used to measure the location of physical
activity and/or sedentary behavior or provide sufficient
information to discern whether theinstrument could be modified
to measure location, and (3) be a portable/wearable tool.
Technol ogieswere required to be portable or wearableto ensure
that the technology is always with the participant and that the
scope of the review was not so broad as to be unmanageabl e by
including nonwearabl e technol ogies (eg, closed-circuit television
[CCTV]). A minimum of one part of the measurement system,
not the whole system, was required to be wearable/portable for
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inclusion. For example, GPS systems consist of awearable unit
and orbiting satellites (ie, one part of the system is wearable
but the whole system al so consists of unwearable components).
Wearable technologies is a'so an area which is experiencing
rapid growth in the consumer sector, astechnology increasingly
becomes smaller, more powerful, and multi-purpose. Wearable
technologies, therefore, give this review a contemporary
positioning. No date restriction was placed on search results.
Studies erroneously defining sedentary behavior asthe absence
of sufficient physical activity rather than activities undertaken
in a sitting or reclined position [5], were treated as physical
activity studies.

Identification of Relevant Studies

Titles and then abstracts of identified articles were screened to
determinedligibility based on the aboveinclusion criteria. Titles
and abstracts which did not meet the inclusion criteria were
excluded. Following this, the full text of any potentially relevant
article was obtained for full reading to determine conformity
to the inclusion criteria. A subsample of potentialy relevant
articles retrieved for full-paper screening were extracted by a
second author (JPS) to determine interrater agreement. If any
discrepancies arose, these were resol ved by discussion between
authors. Interrater agreement was high (Cohen’s kappa = .81).

Data Extraction and Synthesis

Data of eligible papers was extracted via standardized forms
developed for this review. All available information was
extracted. ldentified devices which assessed where physical
activity and sedentary behavior occur were tabulated to highlight
theavailableliteraturein thisresearch areaand to showcase the
array of measurement technologies.

Internet Search Engines

To ensure that the widest possible range of devices were
included, systematic searches of Internet search engines were
performed for devices and technol ogiesthat are able to measure
location but may not have made their way into the published
research to date. This was necessary due to the relatively slow
pace of research and publication compared to the pace of
technological advance (ie, new research papers may use old
technol ogy which has been surpassed by newer models). Google,
Bing, and Yahoo were searched using the following key terms:
RTLS (real-time locating system), GPS tracking device, RFID
(radio-frequency identification) tracking, wearable camera,
wearable GPS, and wearable RFID. These search terms were
chosen based on the results of the academic literature searches.
Specialized software was used to export the first 300 results of
each search to Microsoft Excel. This ensured that the results
were unaffected by the changing algorithms of search engines.
Searches were completed on February 4, 2015. The retrieved
website addresses were screened to determine eligibility. Only
manufacturer websites were included to ensure the accuracy of
the information. All other websites, including blogs and
consumer review websites, were excluded. Eligible websites
werethen browsed for location monitoring devices. Only devices
and full integrated systems which are ready to use (ie, not
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bespoke) wereincluded in an attempt to addressthe practicalities
of deployment to assess where physical activity and sedentary
time occur. The specifications of these devices were then
extracted using standardized forms developed for this review.
If available, specificationswere obtained from device manuals.
If device manuals were not available, any specifications shown
on the website regarding the device were extracted. Only
available information was extracted (ie, gapsin tables indicate
a lack of available information). By note of caution, readers
should be mindful that device characteristics, as supplied by
manufacturers, are often generated under ideal conditions.
Real-world pilot-testing with participants may, therefore, be
required to establish real-world device characteristics.

Results

The number of research papers included and excluded at each
stage of the systematic review process is shown in Figure 1.
This review began with 61,009 potentialy eligible papers,
eventually resulting in the full inclusion of 98 papers. A further
90 papers were then identified through reference searching,
citation tracking, and the searching of personal files.

A breakdown by year and technology is depicted in Figure 2.
Thisreview found 12 types of technology capable of assessing
where physical activity and sedentary behavior occur. GPS was
the most widely used location monitoring technology,
comprising 119 (63.3%) [16,18-134] of the total 188 papers.
Wearable cameras and RFID were the second- and third-most
popular forms of location technology, contributing 23 (12.2%)
[18,19,135-156] and 20 (10.6%) [157-177] studies, respectively,
out of 188. The remaining 9 technologies each contributed a
small number of studies (8 [4.3%] or less) to the total sample
[178-200]. GPS has the longest history of use, initially being
used within sports science in 1997. Cornversely, wearable
cameras and Wi-Fi-based localization technologies appear to
be the most recent debut within research.

Selective details of devices used within research are shown in
Table 1 (wearable cameras), Table 2 (GPS), and Table 3 (other).
A complete version of Table 2 is available as Multimedia
Appendix 1.

Tables 4-6 show selective characteristics of the results of the
Internet search engine searches for wearable cameras, RTLS,
and GPS, respectively. Complete versions of Tables5 and 6 are
available as Multimedia Appendices 2 and 3. These searches
found 21 wearable cameras [201-214], 78 RTLS tags from 35
companies [215-249], and 81 GPS devices [250-286]. GPS
devices were marketed for a variety of purposes, including the
tracking of children by parents, elder monitoring to limit
wandering, and thetracking of young drivers. RTLS companies
positioned their products as suitable for asset management
applications in warehouses and, to a lesser extent, equipment
and patient tracking in health care settings. Wearable cameras
were targeted toward extreme sports, life logging, and law
enforcement applications.
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Table 1. Summary of wearable camera systems used in published research to date.

Man® Model 1/0P BL®, crRY Dim® Weight, Wear site gff, Refs", notes
h mp cm kgorg Fp<Y
Natural- OptiTrack- Indoor NnaAl 17 12.6x12.6 1.32kg N/A 30-360 [135]
Point, Inc Prime 17W x11.0
Vicon Motion capture  Both N/A <16 N/A N/A N/A <1000 [136,137]
system (most in-
door)
Prototype eButton Both ~10 N/A 62 129 Pin onto 10 [138-140]
diameter shirt Not yet com-
mer-cialized
Prototype Prototype Both ~7 N/A  N/A N/A Wrist 6 [141,142]
Wrist-
Sense
Microsoft SenseCam Both <16 N/A N/A N/A Lanyard Changeinsen- [18,19,143-155)]
(Vicon Revue) around neck sorreadings  Available as
Auto-
grapher
Looxcie Looxcie 2 Both 1-4 N/A 231x1.70 229 N/A 15/30 [156]
x8.46

3\ian: manufacturer
b1/0: 1ndoor/outdoor
°BL: battery life

dCR: cameraresolution
€Dim: dimensions

fsr: sampling frequency
9FPS: frames per second
PRefs: references

IN/A: not applicable
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Table 2. Summary of Global positioning systems used to date in published research (see Multimedia Appendix 1 for the full version of thistable).

Man? Model Battery life, DimP, cmor  Weight, Wear site Cold start Storage, References
h, days, or mm g time, points,
weeks sor Hz MB, or,
GB
Garmin Foretrex 201 15h 8.4x4.3x 78 Wrist 45s 10,000 [16,20-31]
1.8cm points
Garmin Forerunner 305 Typicaly 5.3x 6.8x 7 Wrist 45s N/AC [32-35]
10h 1.7cm
Garmin Forerunner 205 10h 53x69x 77 Wrist 45s 72,000 [25,30,42-45]
18 mm points
Garmin 60 N/A N/A N/A Pocket of 0.5Hz N/A [46,47]
back-
pack
Telespial Sys Trackstick 1 16-36 h, 11.4x3.1x N/A N/A Maximumof 1MB [52,53]
tems 2 days- 1.9cm 52s
1 week in pow-
er save
Global Sat DG100 20-24h N/A N/A Waist 5,15,0r30s 50,000 [25,47,54-59]
points
GPSports SPI ELITE N/A N/A N/A Back har- 1Hz N/A [60-69]
ness
GPSports SPl PRO N/A N/A N/A Back har- 5Hz N/A [71-74]
ness
GPSports SPI 10 N/A N/A N/A Back har- 1Hz N/A [65,66,73,75-77]
ness
Catapult Innova-  MinimaxX 5h 8.8x5.0x 67 Back har- 1GB [62,73,78-87]
tions 19cm ness
Telespia Sys- Super 4-8 days N/A N/A Waist 50r15s N/A [88,89]
tems
Qstarz BT1000X 42h T2x47x 65 Pouchon  35s,5s,0r15 400,000 [1819307P010413
20 mm belt S points
Global Sat BT335 25h N/A N/A Waist 30s N/A [110-114]
3Mlan: manufacturer
PDim: dimensions
°N/A: not applicable
Table 3. Summary of other measures used in published research to date.
Type of measure Indoor/outdoor References
Radio-frequency identification Indoor [157-177]
Wireless localization Indoor [178-183]
Technol ogy-assisted ecological momentary assessment/experiencesampling Both [184-191]
Integrated circuit tags Indoor [192,193]
Ultrasonic (Bat system) Indoor [194]
Cellular networks Outdoor, but works indoor [195]
Bluetooth Indoor [196]
Socia media check-in Both [197]
Ultrasound Indoor [198,199]
Pedestrian dead reckoning system Indoor [200]
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Table4. Summary of commercially available wearable cameras unused in research to date.

Loveday et d

Manufacturer, Model Battery lifeof wearable Dimensions, Weight,  Wear site
reference component, mm, in, or cm goroz
h or min
Autographer [201] N/AZ 10h 37.40x90.00x 589 Clip or lanyard
22.93 mm
Narrative (formally Memoto) [202]
Clip N/A 36x36x9 mm 209 Clip or lanyard
Clip 2 (released spring N/A N/A N/A N/A
2015)
MeCam [203]
Classic 80 min continuous 1.75x0.50 in loz Clip or necklace
MeCam HD 60-120 min 2x2in 250z N/A
uCorder [204]
Pockito IRDC260-R <75min 2.50x1.25x0.50in N/A N/A
Pockito IRDC260-B <75 min 2.50x1.25x0.50 in N/A N/A
Pockito IRDC150 <2h 1.1x0.6x3.51in N/A N/A
Pockito IRDC250 <2h 1.1x0.6x3.51in N/A N/A
ParaShoot [205] 21 N/A 45x4x15 mm 150z Clip
Spy Emporium [206] Spy hidden cameraglasses 1-2h 160x40x40 mm N/A Glassed onface
VIEVU [207]
VIEVU 2 2.5 hrecording, 1.90x1.90x0.75 in 240z Clip
1.5 h streaming
LE3 <5h 3.00x2.10x0.85in 280z Clip
Panasonic [208]
WV-TW310L 5 h continuous 45x75x41 mm 2109
WV-TW310S 5 h continuous 45x75x41 mm 1609
meMINI [209] N/A 35h N/A N/A Lanyard
Pivothead [210] N/A N/A N/A N/A Glassed onface
Nixie [211] N/A N/A N/A N/A Wrist (detaches
to become cam-
era)
CA7CH [212] Lightbox N/A 38x38x10 mm 309 Clip
ELMO USA [213] QBIC-MS| 2h 2.14x2.40x1.57 in 959 Lanyard
Vidcie [214] Lookout QUB 1lh S} h with battery 4.8x4.8x1.5cm 379 Clip
pacl

3N/A: not applicable
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Table 5. Summary of commercially available real-time locating systems unused in research to date (see Multimedia Appendix 2 for the full version of

thistable).
Manufacturer, reference Model Infrastructure/ method Dimensions, Accuracy, m, cm,
mm, in, or cm or ft
Ekahau [215]
Ad Wi-Fi, RSSI%nd triangula-  45X55x19 mm im
tion
B4 Wi-Fi, RSSI and triangula-  60.0x90.0x8.5 mm Im
tion
w4 Wi-Fi, RSSl andtriangula  51.5x50.0x17.5 mm im
tion
Ubisense [216]
Series 7000 industrial uwBP, ToAS, AoAd 71x64x47 mm 15cm
Series 7000 compact UWB, TOA, ACA 38.0x39.0x16.5 mm 15cm
Series 7000 dlim tag UWB, TOA, ACA 83x42x11 mm 15¢cm
Series 700 intrinsically safe tag UWB, TOA, ACA 38.0x39.0x25.5 mm 15cm
Series 9000 compact tag UWB, TOA, ACA 38.0x39.0x16.5 mm 15cm
Zebra[218]
WhereTag IV Wi-Fi, TDOA® 43.7x66.0x21.3 mm 2m
WhereTag 111 Wi-Fi, TDOA 21x66x44 mm
Sonitor [222] Whole system Wi-Fi, ultrasound, RSSI N/A 1ft
Secure Care [225] ENVisionl T Wi-Fi N/A 30cm
Mojix [226] elLocation Passive RFIDY N/A Within
1m
TempSys [228] Fetch System RF'and ultrasound, TDOA  N/A 0.5m
Awar epoint [229]
Asset tags ZigBee 1.8x1.3x0.5in Up to bay level
Wearable tag ZigBee 1.8x1.3x0.5in
Nebusens [232] Sirius Quantum ZigBee 22.00x32.72x5.00 mm im
Essensium [233] Mobile nodes Wideover narrowband RF,  19.8x8.8 cm Typically 50 cm
TWR', TOP
PLUS Location [234]
R1 badge tag UWB, TDOA 38.0x78.0x9.6 mm <lm
R2 tags UWB, TDOA 87x42x10 mm <lm
Purelink [239] Personnel tracking tag RFID 85x54x4 mm 2m
Sanitag [240]
Steff tag RF, RSSI, TOF 90x61x5 mm 25m
Petient tag RF, RSSI, TOF 43x36x10 mm 25m
OpenRTLS [242] Tag UWB, TDOA, TWR 66x44x17 mm 10cm

8RSSI: received signal strength indicator
bUWB: ultrawide band

°TOA: time of arrival

4A0A: angle of arrival

®TDOA: time difference of arrival

N/A: not applicable

9RFID: radio-frequency identification
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PRF: radio frequency

TWR: two-way ranging

ITOF: time of flight

Table 6. Summary of commercially available global positioning systems unused in research to date (see Multimedia Appendix 3 for the full version

of thistable).

Loveday et d

Manufacturer

Model

Battery life of wearable component,
days, weeks, months, or h

Dimensions,
in, cm, or mm

Trackstick [250]

Trackstick mini 3-14 days 3.50x1.50x0.38in

Trackstick 1 16 h-2 days (AAA) 4.50x1.25x0.75in

Super Trackstick 3 days-3 weeks (AAA) 4.50x1.25x0.75 in
Trackershop-UK [251] Pro-pod5 14-15 days 6.35x4.00x2.50 cm
Gotek7 [252]

10 days normal; <12 months with 1 update per

Prime 1.0 day N/AZ

Prime 2.0 15 days normal; <14 months (1 per day) 65x42x25 mm
Trackinapack [256]

Advanced <10 days 2.63x1.38x0.79in

Advanced plus <15 days 2.50x1.50x0.79 in
TracL ogik [259]

Guardian GPS 100-220 hours 67.8x37.0x20.0 mm

Guardian pro GPS 2-14 days 62.5x40.0x25.0 mm

Covert 2000 10-15 days 61x34x31 mm
Loc8tor [261] N/A <9 months in power save; 68x36x20 mm

LandAirSea [269]

Silvercloud realtime GPS

3-14 days normally

5-6 days at 2 h per day

3.90x2.26x0.90 in

tracker
Tracking key pro 2 weeks (4 h), 4 weeks (2 h), 6 weeks (L hper  3.01x1.95x1.40in
day)
GTX Corp [273]
Prime AT <16 days 67x37x20 mm
Smart sole 2-3 days Depends on show size
Nike [276] Sportwatch GPS 8 h with average use 1.5x10.1x0.6 in
Garmin [277]
Forerunner 620 6 weeks (watch) 10 h (training) 45.0x45.0x12.5 mm
Forerunner 220 6 weeks (watch) 10 h (training) 45.0x45.0x12.5 mm
Tactix 50 h (5 weeks in watch mode) 49x49x17 mm
Fenix 2 20 h (5 weeks in watch mode) 49x49x17 mm
Trax [280] Trax 1day 38x55x10 mm
Personal GPS Trackers[282]
Personal GPS Tracker <7 days 65x40x18 mm
Mini GPS Tracker 2-4 days 58x22x11 mm

3N/A: not applicable
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Figure 1. Flowchart of study selection process.
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Figure 2. Number of studies published each year covering different types of technology. A total of 12 kinds of technology were found during the course

of thisreview.
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Discussion

Principal Findings

This systematic review sought to identify toolswhich have been
used, or could be modified for use, to assess where physical
activity and sedentary behaviors occur. This review identified
188 research paperswhich used 12 different types of technol ogy.
The most widely used technology was GPS with 119
publications [16,18-134], followed by wearable cameras and
RFID with 23[18,19,135-156] and 20 [157-177] publications,
respectively. The remaining 9 types of technology each
contributed a small number of studies to the total sample
[178-200]. However, it should be noted that a number of these
were bespoke or prototype systems; thisis particularly true of
RFID, integrated circuit (IC) tag systems, and various
communication protocols for wireless localization.

Systematic grey searches identified 21 wearable cameras
[201-214], 78 RTLS tags [215-249], and 81 GPS devices
[250-286]. By only including deviceswhich are "ready to use,"
we sought to address the practicalities of deployment and limit
the inclusion of bespoke technologies. Combined with the
devices used within research papersto date, weidentified atotal
of 263 devices. The history, principles of use, and the
applications for GPS, RTLS, and wearable cameras will now
be discussed in greater detail.

Global Positioning System

Originally developed by the United States Department of
Defense, the GPS system consists of 24 satellites orbiting Earth.
These satellites transmit signals to GPS receivers and are able
to determine the location, direction, and speed of the receiver
based on trilateration between three or more satellites [287].
Due to the original military application of GPS, a deliberate
error was embedded into the system to reduce therisk of enemy
forces using the system. This deliberate error was removed in
theyear 2000, thus making the system availableto civilian users.
The use of GPS hassince proliferated into areas such ascriminal
offender tracking, vehicletracking, and vehicle navigation. Such
has been the widespread adoption of GPS, that the European
Union is currently investing substantial amounts of money into
its own satellite system to ensure it is not reliant on American
satellites. Early GPS devices possessed limited battery life and
memory capacity and form factors unsuitable for long periods
of wear. Thus GPS deviceswerefirst used for sportsapplications
before making their way into health research.

The earliest GPS study in a sporting domain was conducted in
1997 [132]. It was found from thisinitial evaluation that GPS
could be used to assess human locomotion [132]. Following
this early study, GPS has been used to assess movement
characteristics in sports such as Australian football [66],
orienteering [49], hockey [63], and rugby [72]. These studies
have generally found GPSto be a suitable measure of movement
parameters in sport, such as speed and distance. Physiological
measures such as heart rate are often included alongside GPS
to provide further data on the demands of a particular sport.
These devices are often worn on the back via a custom-made
vest and are, therefore, unlikely to be suitable for long-term
wear. These sports studies, therefore, provide little insight into
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the applicability of GPS for assessing free-living physical
activity.

Theearliest study to use GPSto investigate free-living physical
activity was conducted in 2005 [22]. The GPS unitswere found
to provide valid and reliable measures of location when
compared to a known geodetic point [22]. Following the
validation of these units, a small pilot study examined the
feasibility of integrating GPS, geographic information system
(GIS), and accelerometer data. It was found that GPS and
accelerometer data could be successfully integrated, with GPS
data available for 67% of all MVPA time [22]. Accelerometer,
GIS, and GPS data have since been successfully integrated in
further studies to assess active commuting to school [16] and
time spent outdoors after school [20].

In reviewing 24 studies which use GPS in physical activity
research [288], GPS dataloss was found to be highly correlated
with device wear time (r=.81, P<.001). Common reasons for
datalossinclude signal dropout, limited battery power, and poor
protocol adherence [288]. Due to devices requiring a line of
sight to the orbiting satellites, signal dropout can occur when
this line of sight is broken. The necessity for GPS devices to
have alineof sight to at |east three orbiting satellites also results
in GPS only receiving signal within certain indoor environments,
such asasingle-story building with awooden roof or high-story
building with large windows. Even under these circumstances,
GPS is unable to determine room- or subroom-level indoor
location. Participants are often required to remain stationary
outside before commencing a journey to ensure that the GPS
device can acquire satellite signal, failure to adhere to this can
result in data loss.

While GPS can be used to successfully augment accel erometer
measurement of physical activity, several shortcomings need
to be addressed. There is currently no established approach to
the analysis and interpretation of GPS data [287]. Guidelines
and common dataanalysis programsfor the capture and analysis
of GPS data, such as the Personal Activity and Location
Measurement System (PALMYS), are therefore highly useful in
standardizing approaches. Dueto requiring aclear line of sight
to orbiting satellites, GPSismost suitable for ng outdoor
location. However, up to 90% of our timeis spent indoors[9,10].
The ability to assesswhere physical activity and sedentary time
occur in an indoor environment would allow the formation of
a more comprehensive behavioral profile which incorporates
contextual information alongside accelerometry-measured
intensity and duration.

Wireless L ocalization

Wirelesslocalization technology has been commercialized under
the umbrella term real-time locating systems. Used in health
care[289] and warehouse environments, RTLS systemsare able
to assess the location of people or assets within an indoor
environment. Many RTLS devices are commercially available
(see Table 5 and Multimedia Appendix 2). All of these devices
function on the principle of determining the location of amobile
component viathe known location of fixed components, though
the method of determining location and the type of fixed
component vary between manufacturers. Interested readers are
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referred el sawherefor detailed technol ogical reviews of wireless
localization [290-293].

The fixed components of RTLS systems also vary between
RTL S manufacturers. Some manufacturers, such as AeroScout,
require the installation of proprietary fixed reference points.
Others, such as the Ekahau system, are able to utilize existing
Wi-Fi points within buildings as fixed reference points and,
therefore, do not require theinstallation of infrastructure. Several
manufacturers also provide infrared (IR) location beacons for
increased location accuracy in areas of poor signal strength.
Hardware of the Ekahau RTLS system is shown in Figure 3.
The location of the mobile component of the RTLS system,
worn by an individual or placed on equipment, is then relayed
back to software supplied with the RTL S system. This software
requires a floor plan of the environment being monitored; the
location of the mobile component is then viewed on this floor
plan or as an x and y coordinate. RTLS systems, therefore,
function in much the same manner as GPS: providing x and y
coordinates rather than longitude and latitude. The
manufacturers of several RTLS systems suggest that their
systems are capable of handling hundreds of mobile tags
simultaneously. Manufacturers state that RTLS systems are
generally accurate to within 2 to 3 meters.

However, RTLS systems are not without limitations. Due to
their predominant usein the tracking of patients and equipment,
many RTLS systems are configured for real-time monitoring
and require slight modification to generate alog of coordinates
for any later integration with other data streams. At present,
RTLS systems are not being used in physical activity or
sedentary behavior research; therefore, the feasibility of
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incorporating RTLS data with accelerometry is unknown. The
RTLS software requires the manual setting of the scale of the
floor plan and, therefore, introduces possible human error into
the system.

Degspite this, RTLS could potentially be used within physical
activity and sedentary behavior research to answer a number of
research questions which are currently assessed via self-report
methods. For example, RTLS, alongside accelerometry, could
provide location information to assess whether youngstersin a
daycare center are more likely to be active when they are near
equipment such asasandbox or when they are near other active
youngsters. Likewise, if researchers are undertaking a standing
desk intervention to reduce sitting time, participants are currently
often asked to self-report how much time they spend at their
desk. The amount of time the participant spends at their desk
may impact any possible reduction in sitting time due to the
standing desk. With RTLS, researchers would be able to
objectively determine the amount of timetheir participantswere
at their standing desk and thus determine the success, or
otherwise, of the intervention with greater certainty.

Determining the indoor location of physical activity and
sedentary behavior viaRTL S may a so be animportant research
finding in itself. For example, within an elderly care home
environment, RTL S could be used to assess whether individual
residents are more sedentary alone in their bedrooms or when
mixing with other residents in communal areas. Depending on
the findings, some residents may then be best suited to an
individual intervention focusing on bedroom-based sedentary
behavior while other residents may be more suited to a group
intervention focusing on communal area sedentary behavior.
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Figure 3. Hardware components of the Ekahau real-time locating system (RTLS) [214]. Wearable T301W white wrist tags are shown in a charging

cradle; infrared beacons are shown on either side of the charging cradle.

Wear able Cameras

Recent interest has accumulated in the use of wearable cameras
in physical activity and sedentary behavior research, mirroring
the growth of thelife-logging and quantified-self communities.
However, several of the wearable cameras identified in this
review appear to have limited public health utility due to very
short (eg, 1.5 hours) of battery life. The most popular wearable
camerain aresearch setting is the Microsoft SenseCam. Worn
on a lanyard around the neck and containing sensors such as
passive infrared, accelerometer, and gyroscope, this device
automatically captures afirst-person picture at a frequency of
approximately 20 seconds. The device has a battery life of
approximately 16 hours with sufficient memory capacity to
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store approximately 32,000 images [294]. From initia
small-scale pilot studies, it appears that images generated from
wearable cameras are afeasible means of ng activetravel
behavior [144,294]. Wearable cameras, therefore, provide
broader contextual information; however, they can also be used
to infer location. Commercially available wearable cameras,
such asthe Autographer, also provide GPS coordinates alongside
the photograph. Two of the most popular wearable cameras are
shownin Figure 4.

Unlike pure location measurement technologies such as GPS
and RTLS, wearable cameras are able to provide broader
contextual information based on the generated images. For
example, a succession of images may show a television set.
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From this, it could be identified that the participant is watching
television. Likewise, a succession of images may show agroup
of people of asimilar age to the participant which researchers
may be able to classify as time spent with friends; this is
important as an individual’s friends may play arolein shaping
physical activity behaviors [295].

Degspite the encouragement offered by these initial studies,
significant ethical, privacy, and analytical issuesremain. There
is a possibility that participants may be wearing the device
during situationsin which they do not wish to be photographed.
To overcome this, the device allows the user to turn off the
device for several minutes should they require privacy. There
is also the possihility that the device may take pictures of an
individual that participants encounter who does not wish to be
photographed. Linked to thisis the possibility that individuals
may be wearing the device in situations that are unsuitable for
photography, such as dropping off or picking up children from
school. In an effort to overcome some of these issues[296], an
ethical framework has been proposed for the use of wearable
cameras in research. The framework includes the issues of
informed written consent from participants, privacy and
confidentiality, nonmaleficence, and the autonomy of third
parties [296].

Alongside these privacy issues is the issue of data analysis.
Current data analysis methods are laborious, involving the
manual trawling and coding of images. For long-term monitoring
this may prove to be prohibitive in the adoption of wearable
cameras. Pattern recognition algorithms to semiautomate this
process are available from computer scientists; however, there
is a need for these to be integrated into device software in a
manner which is suitable for end users. Despite these issues,
wearable cameras can be used to assess where behavior occurs
both indoors and outdoors and may, therefore, be able to
supplement GPS to provide a greater range of contextual
information.

The preceding discussion of GPS, RTL S, and wearable cameras
highlightsthe principles, limitations, and usein physical activity
and sedentary behavior research of each of these three
technologies. GPS is the dominant technology used within
research to date to assess where physical activity and sedentary
time occur. However, the development of RTLS and wearable
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cameras offers the possibility to incorporate these technologies
aongside GPS and accelerometry to provide a more
comprehensive behavioral profile which fully elucidates the
context, intensity, and duration of the behavior. The present
systematic review also identified several other location
monitoring technologies, such as RFID and IC tags, that are
less "ready to use" than the three main technol ogies discussed.
While these technologies, particularly RFID, may have a
substantial research base behind them, there appears to be no
"off the shelf" complete system which is readily purchasable
for location tracking.

The ability to assess where behavior occurs in an indoor
environment may be particularly elucidating for sedentary time.
With the ability to assess where sedentary behavior occurs at
work (eg, inameeting room or at adesk) and at home (eg, sofa,
desk, or dining table), behavioral researchers would possess a
more comprehensive profile of the context in which sedentary
behavior occurs, which could further illuminate the most
common modes of sedentary behavior.

It isalso worth briefly considering avail able technol ogies which
were not included in this systematic review, largely due to a
lack of wearability. Bluetooth low energy (BLE) proximity
systems have recently gained in popularity in certain
applications. Many of these systems are primarily aimed toward
retail applications for the purpose of proximity marketing. In
this scenario, small BLE beacons are placed around a retail
environment. The customer, asthey are perusing the store with
a BLE-enabled device such as a mobile phone, then receives
targeted marketing and discount offers to their phone based on
their proximity to the beacons. For example, when the customer
isperusing the carbonated drinks aidlein asupermarket, an offer
may be sent to their phonefor aparticular brand of drink. These
systems offer the potential to install BLE beacons within an
indoor environment and determine location based on proximity
to the beacons.

Of particular noteisthe recent miniaturization of BLE beacons
to the size of a dticker, so suitably small that it may
unobtrusively be attached to items such as chairs, bicycles, and
sports equipment. This novel "nearables’ equipment offers the
potential to assess the location and type of behavior.
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Figure 4. Hardware of two wearable cameras. Shown on the left is the Narrative clip [201] and on the right the Autographer [200].

Conclusions

This systematic review sought to identify toolswhich have been
used or could be used to asses where physical activity and
sedentary time occur. We identified 188 research papers, of
which 119 used GPS and 23 used wearable cameras. A total of
76 location tracking devices or systems were used. Systematic
Internet search engine searches found 21 wearable camera
models, 78 RTLS tags, and 81 GPS devices. This gave a
cumulative total of 263 location tracking devices or systems.
GPS is the dominant form of location tracking used within
physical activity research to date. While GPSisavalid measure
of outdoor location, it is unable to be used within an indoor
environment.

Recent developments in wearable cameras and RTL S systems
have ensured that tools are now available which offer the
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Abstract

Background: Men continue to smoke in greater numbers than women; however, few interventions have been developed and
tested to support men’s cessation. Men tend to rely on quitting strategies associated with stereotypical manliness, such aswillpower,
stoicism, and independence, but they may lack the self-efficacy skills required to sustain a quit. In this paper, we describe the
development of and reception to an interactive video drama (1VD) series, composed of 7 brief scenarios, to support and strengthen
men’s smoking cessation efforts. The value of 1VD in health promotion is predicated on the evidence that viewers engage with
the material when they are presented characters with whom they can personaly identify. The video dramatizes the challenges
unfolding in the life of the main character, Nick, on the first day of his quit and models the skills necessary to embark upon a
sustainable quit.

Objective: The objective was to describe men’s responses to the If | were Nick VD series as part of a study of QuitNow Men,
an innovative smoking cessation website designed for men. Specific objectives wereto expl ore the resonance of the main character
of the IVD series with end-users and explore men’s perceptions of the effectiveness of the IVD series for supporting their quit
self-management.

Methods: Seven brief VD scenarios were developed, filmed with a professional actor, and uploaded to a new online smoking
cessation website, QuitNow Men. A sample of 117 men who smoked were recruited into the study and provided baseline data
prior to access to the QuitNow Men website for a 6-month period. During this time, 47 men chose to view the IVDs. Their
responses to questions about the 1V Ds were collected in online surveys at 3-month and 6-month time points and analyzed using
descriptive statistics.

Results: The mgjority of participants indicated they related to the main character, Nick. Participants who “strongly agreed”
they could relate to Nick perceived significantly higher levels of support from the IV Dsthan the “neutral” and “disagree” groups
(P<.001, d=2.0, P<.001, d=3.1). The “agree” and “neutral” groups were significantly higher on rated support from the videos
than the “disagree” (P<.001, d=2.2, P=.01, d=1.5). Participants’ perception of the main character was independent of participant
age, education attainment, or previous quit attempts.
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Conclusions: The findings suggest that 1 VD interventions may be an important addition to men’s smoking cessation programs.
Given that the use of VD scenariosin heath promotion isin itsinfancy, the positive outcomes from this study signal the potential
for IVD and warrant ongoing evaluation in smoking cessation and, more generally, men’s health promotion.

(J Med Internet Res 2015;17(8):€190) doi:10.2196/jmir.4491
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smoking cessation; tobacco use; technology; interactive video drama; self-efficacy

Introduction

Background

Health promotion and tobacco control efforts have resulted in
a steady decline in the prevalence of cigarette smoking in
Canada and the United States over the past 50 years; however,
the highest rates of tobacco use continue to be among adult men,
which far exceed population averages [1]. To address the high
prevalence of smoking among men, novel gender-specific
resources are needed [2,3].

Scholars in men's health have argued that men prefer to
self-manage their health, but at the same time, their health
behaviors are strongly influenced by socialy produced
constructs of masculinity [4,5]. In terms of smoking cessation,
men tend to rely on quitting strategies associated with
stereotypical manliness, such as willpower, stoicism, and
independence [6]. Although men often rely on willpower and
a “cold turkey” approach to quit smoking [7], it is well
established that this is one of the least effective means of
smoking cessation [8]. Despite the availability of a range of
smoking cessation programs, there are few programs tailored
specifically for men [3]. However, emerging evidence related
to men’s experiences and preferences with smoking cessation,
along with established approaches to supporting behavior
change, provide an important foundation for tailored
interventions. For example, men’s preferencesfor self-managing
their quit and making their own decisions about when and how
to quit have been reported [9]. There is evidence that these
gendered preferences can be supported and enhanced by the use
of onlineinformation and communication technologiesin men's
health promation [10]. In addition, men's interest in learning
about others' real-life cessation efforts as a way to develop
effective plans for quitting and acquiring strategies that they
might also use has been described [2]. Information to support
anticipatory planning and skill building can raise self-efficacy
and increase confidence and the ability to stop smoking. There
isagreement that strengthening self-efficacy by garnering skills
and confidence to respond to challenging situations, stressful
events, and cravings is an important component in providing
support for smoking cessation [11]. Tailoring supportsfor men's
anticipatory planning and skill building related to quitting could,
therefore, provide important additions to cessation programs.

Interactive video drama (1VD) is an emergent media tool with
potential for the field of smoking cessation interventions for
men. The value of IVD is predicated on the evidence that
viewersengage with, and are moreinfluenced by, material when
they are presented with a character with whom they personally
identify. In a feasibility trial conducted in Northern Ireland,
Lohan et a [12] developed and are testing a 4-week 1VD

http://www.jmir.org/2015/8/€190/

program for sex education classesin 7 schools with the aim of
reducing unintended teenage pregnancy. Based on observational
dataof over 700 young men, their video intervention istheorized
to strengthen the intentions of male teens to avoid unplanned
pregnancy by influencing the psychosocial variables involved
in sexual behaviors and choices [12]. To date, 1VVDs have not
been utilized or evaluated in smoking cessation programs.

The capacity for IVDsto incorporate multiple features that are
important to men, and at the same time, promote anticipatory
thinking and model skills associated with strong self-efficacy
makes the approach agood fit to support men’s cessation efforts.
The drama-based approach, characteristic of IVDs, offers an
important way to engage men and maintain their interest by
using men’s authentic voices to present challenging situations
wherein the main character model s change and effective problem
solving— such as the decision to stop smoking and maintain a
quit. 1VDs also may be effective for men because of the
motivational appeal of interactive resources, the popularity of
videos with men, the high level of interest in learning about
others “real life” experiences, and the desire by men to see
where they stand in relation to choices made by other men.

As part of a study to design and evaluate an online smoking
cessation resource designed specifically for men, QuitNow Men
[13], we developed an IV D series, If | were Nick, as aresource
to support men’s cessation efforts. This1VD serieswasincluded
on the QuitNow Men website along with a broad array of
interactive tools and tipsfor men interested in quitting smoking,
such as a questionnaire to determine their level of nicotine
dependence, a cal culator to show thefinancial cost of smoking,
expert information and motivationa videos, strategies for
quitting, and quizzes to test tobacco use knowledge. The IVD
provided the opportunity to influence men's beliefs about
quitting through their identification with the central character
and dramatized evidenced-based content to strengthen smoking
cessation self-efficacy by prompting reflection on smoking
triggers, encouraging planning and response strategies for
stressors before they arise, and modeling how to incorporate
these strategiesinto daily life to maximize a successful quit. In
this paper, we describe the development of thisIVD series and
report findings related to the resonance of the main character
of the IVD series with end-users, and men’s perceptions of the
effectiveness of the I1VDs for supporting their quit
self-management.

The Framework and Development of If | Were Nick

The If | Were Nick videos were developed in accordance with
the theoretical framework described in the work of Lohan et &
[12] and Aventin et al [14] that blends social theory on gender
norms and masculinity with cognitive learning theory and the
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theory of planned behavior, which have demonstrated that
attitudes, perceived control, social context, and intentions
influence behavior change [15,16]. A script was written and a
story board developed by the team to illustrate high-risk
situations that might happen to Nick, a construction worker,
during the first day of a quit. Ideas for the high-risk situations
were based on focus group data collected with men who smoke
[2] and cues for smoking among male smokers that have been
identified in theliterature[17]. Therole of Nick was performed
by a professional actor who met the qualifications established
by the research team to best engage the target audience: age
25-35 years, genuine and personable on camera, strong male
voice, and good range of emotion. Seven scenarioswere filmed,
each scenario running about one minute. Following each

Table 1. Story development of the interactive video drama, If | Were Nick.

Bottorff et al

scenario, two online questions prompted viewersto reflect and
respond: “How would you fedl if you were Nick in this
situation?” and “How would you act in this situation in order
to remain smokefree?’ Viewerswere presented with amultiple
choice list of 4-6 answer options and asked to click on their
selection. The questions were designed to promote anti cipatory
thinking around smoking cessation and encourage men to
consider how they might respond when facing the challenges
of quitting. After making their selection, the viewer was able
to see how other men responded. Table 1 summarizesthe IVD
scenarios and reflective questions. Table 2 provides additional
detailsfor one scenario from the IV D series, entitled “Morning
Routine”, including the response items for the self-reflective
and action-oriented questions.

Video scenario High-risk quit situation

Self-reflective question

Action question

Meet Nick (Multimedia
Appendix 1)

At home, Nick tells us heis quitting
smoking today and has tried many times
in the past. He wants us to understand the
experience through his eyes.

A flashback in Nick’s mind shows us how
the usual morning coffee with a cigarette
isthefirst challenge of the day.

Morning Routine (Mul-
timedia Appendix 2)

If | were Nick, how would | feel on the
first day of my quit?

If 1 were Nick, how would | feel about
changing my morning routine?

If I were Nick, what tactic would |
choose?

If I were Nick, what would | change?

Onthe Road (Multime-
dia Appendix 3)

| Need aBreak (Multi-
media Appendix 4)

Out with the Guys
(Multimedia Appendix
5)

Stressed Out (Multime-
dia Appendix 6)

On Track (Multimedia
Appendix 7)

Nick pullsinto traffic on the way to work
and isforced to wait at ared light, which
causes him to fidget and feel anxious.

On the job site, Nick is conflicted about
taking a break with his co-workers, be-
cause they all smoke. He worries that if
he tells his foreman he's now anon-
smoker, he won't get as many breaks.

Nick mests friends at the bar to have a
beer and watch the hockey game after
work. He's concerned how hisfriendswill
respond to his decision to quit.

Nick enters a convenience store to buy
milk and triesto navigate astressful situa-
tion on the telephone while paying the
cashier. Theinteraction rattleshim and he
notices cigarettes next to the checkout.

Nick islying on the couch thinking about
the events of the day and what tomorrow
will belike.

If I were Nick, how would | feel about
being in my car without any smokes?

If 1 were Nick, how would | feel about
telling my boss and fellow workers that
I’'ve quit smoking?

If | were Nick, what do | think my
friends would say when | tell them I've
quit smoking?

If I were Nick, how would | feel about
not having acigarettewhen I’ m stressed?

If 1 were Nick, how would | feel after
my first quit day?

If I were Nick, how would | deal with
cravings while driving?

If | were Nick, what could | do at
work to avoid temptation?

If | were Nick, how would | respond
to pressure from my friends to
smoke?

If | were Nick, how would | stay
smoke free in a stressful situation?

If 1 were Nick, how would | keep
myself on track?

Table 2. Scenario #2 from If | Were Nick.

Video segment

High-risk situation

Reflective question

Action question

Morning Routine (Multimedia

Appendix 2)

A flashback in Nick’s mind shows
us how the usual morning coffee

with acigaretteisthefirst challenge

of the day.

If I were Nick, how would | feel about
changing my morning routine? (a) I'm
proud that I'm making healthy choices
for myself, (b) I’ll miss somethings |
enjoy but I'll try new things, (c) | feel
that I'm strong enough to giveit ashot,
(d) I’m on the fence about changing
my routine, (€) I’'m comfortable making
changes to my normal routine.

If 1 were Nick, what would |
change? (a) Change the order of my
morning routine, (b) Try adifferent
drink, brand of coffee or mug, (c)
Moveto anew placeto drink coffee
and eat breakfast, (d) Jump in the
shower assoon as | wake up, (e) Do
something active in the morning
(walk the dog, lift weights at home,
do push-ups, hit the gym).
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Methods

Overview

The current study was conducted using an exploratory
descriptive design and received approval from auniversity ethics
review committee.

Sample

A convenience sample of men who smoked and wereinterested
in quitting were recruited from across Canadausing social media
and online advertisements. A total of 117 men consented to
participate, completed a baseline survey, and were provided
access to an online smoking cessation resource, QuitNow Men
[13]. As one of the resources on QuitNow Men [13], the
streamed IVD series, If | Were Nick, was available under atab
labeled “Tactics & Tools’, asone of several resourcesto support
smoking cessation.

The men were invited to use the website independently over a
period of 6 months and could choose to use any or all of the
resources available. Of the 117 men, 75 completed at least one
of thefollow-up surveys (response rate=64.1%), and 47 (62.7%)
reported that they had viewed one or more of the VD scenarios.
These 47 men provided the data for this study.

Data Collection

All data collection was completed using an online survey
platform at threetime points: baseline, 3 months, and 6 months.
Participants were provided with two remindersto complete each
follow-up survey.

At baseline, demographicswere measured including age, marital
status, education, and employment as well as participant
smoking behaviors. Men's use of and responses to the IVDs
were assessed in the follow-up surveys. A 3-point Likert scale
question (“none”, “some”, “al”) was used to assess how many
of the Nick video scenarios participants had watched.
Participants were asked to respond to the statement “Nick was
someone| could relateto” using a5-point Likert response scale
(“strongly disagree” to “strongly agree”). Four 5-point Likert
scale questions (“strongly disagree” to “strongly agree”) were
included to assess how well the videos supported participants

http://www.jmir.org/2015/8/€190/
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self-management by providing them with cognitive and
behavioral strategies. The questionswere “ The videos made me
think about issues | hadn’t thought about before”, “As| watched
Nick, | thought about how | needed to change my own smoking
routines’, “ The videos helped me prepare ahead for situations
where | might be tempted to smoke”, and “The videos hel ped
merealizethat | can be asstrong asNick in staying quit”. These
four items were then summed to create an VD support score,
rated from 4-20, which measured the degree of support the
participants derived from viewing the videos. To assess whether
the 4 items that were totaled formed areliable score, Cronbach
alpha was computed. The apha for the four items was .827,
indicating that the items formed a scale with good internal
consistency. Finadly, a 1-item, 5-point Likert scale (“very
satisfied” to “very dissatisfied”) assessed participants
satisfaction with the overall website (ie, “ Overall, how satisfied
were you with the QuitNow website?’).

Data Analyses

Asmen could complete a3-month survey and a6-month survey,
a hierarchy was developed for data inclusion. If an individual
increased the number of 1VD scenarios they watched between
the 3-month and 6-month time point (ie, “none” to “some,” or
“some’ to “dl”), 6-month data were used. If there was no
increase between time points, 3-month datawere used, asit was
deemed the videos would be more easily recalled at that time.
Descriptive statistics were used to analyze the participants
survey responses and analysis of variance (ANOVA) was used
to examine the relationship between levels of relating to Nick
and participants’ perceived support from the 1V Ds. Spearman
rho statistic was calculated to assess possible relationships
between levels of relating to Nick and participants overall
website satisfaction. All analyses were conducted using SPSS
version 22.

Results

At baseline, al participants were smokers who were interested
in quitting. They smoked on average 14.2 cigarettes aday (SD
7.65) and had been smoking on average for 21.4 years (SD
11.4). Table 3 provides the demographic characteristics of the
sample.
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Table 3. Participant demographics.
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Mean (SD) or n (%)

Age
Smoking behavior
Cigarettes smoked per day
Years smoking
Marital status
Married or common law
Single
Divorced or separated
Education
Attended or completed university
Completed high school
Completed anon-university degree (technical, trade)
Not completed high school
Main activity
Work for pay
Unemployed
Going to school
Recovering from illness or disability

Caring for family

37.2(10.3)

14.2 (7.65)
21.4 (11.4)

25 (53%)
16 (34%)
6 (13%)

27 (57%)
9 (19%)
8 (17%)
3 (6%)

34 (72%)
5 (11%)
4 (9%)
3(6%)
1.(2%)

Use of Website and Exposureto Interactive Video
Dramas

During the 6-month time frame, participants reported that they
accessed the website at least once and on average “4-6 times”.
All of the IV Dswere watched by 40% of these participants; the
remainder stated they had watched “some” of the scenarios.

Responsesto the I nteractive Video Dramas

Responses to the statement, “Nick was someone | could relate
to”, indicated that the majority of participants related to the
character of Nick (strongly agree=17%, agree=40%). None
indicated they “ strongly disagreed”, and 6 men (13%) indicated
they “ disagreed” that Nick was someone with whom they could
relate. The remaining men (30%) rated their relatability to Nick
as“neutral”. Thelevelsof relating to Nick did not significantly
differ intermsof participants age (P=.47), number of previous
quit attempts in the past two years (P=.19), or educational
background (P=.83). However, the participants’ level of relating

http://www.jmir.org/2015/8/€190/

to Nick was positively correlated with their overall website
satisfaction (rys=.63, P<.001). The majority of participants,
ranging from 52-72% of the men, “ agreed” or “strongly agreed”
with all four statements about 1 VD support. Responses to each
statement are shown in Figure 1.

With apossible range of 4-20, the mean | VD support score was
10.5 (SD 2.89). A statistically significant difference was found
among the four levels of relating to Nick compared with
perceived support from the videos (F;43=15.181, P<.001).
Figure 2 showsthe mean 1V D support score by level of relating
to Nick. Post hoc Tukey HSD tests indicated that men who
“strongly agreed” they could relate to Nick perceived
significantly higher levels of support from the IV Ds than those
inthe“neutral” and “disagree” groups (P<.001, d=2.0, P<.001,
d=3.1) . Those in the “agree” and “neutral” groups were
significantly higher on rated support from the videos than the
“disagree’ group (P<.001, d=2.2, P=.01, d=1.5).
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Figure 1. Participant responses to statements regarding the interactive video dramas.
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Nick was someone | could relate to.

Discussion

Principal Findings

The current study focused on examining the 1VDs as one
component of amultipart gender-sensitive website designed to
support men’'s smoking cessation. 1VDs are an innovative
approach in men’'s health promotion research [12], and the
current study findings document the first application of 1VDs

http://www.jmir.org/2015/8/€190/

RenderX

in smoking cessation. More specifically, it is the first to target
men who smoke. Resultsindicate that the [VDsincluded in the
If | were Nick serieswere perceived as supportive by many men
who were interested in reducing and quitting smoking.

Thefinding that only 47 of the 117 potential respondentsviewed
at least some of the IVDs may have been influenced by the
placement of the IV Ds on the QuitNow Men website[13]. The
IVDs could not be directly accessed from the home page (If |
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were Nick was accessible only after clicking on thetab “ Tactics
& Tools™) and without avisua identifier on the home page may
have been missed. However, it is encouraging that almost
two-thirds of the men viewed at least some of the IVDs, and
among those who viewed the 1V Ds, 40% viewed all 7 of the
scenarios, providing an indication of the acceptability of this
approach to men. The potential success of 1VDs, as indicated
by men'’s uptake of and perceived support from them, affirms
the need for ongoing evaluation of the effectiveness of IVDs as
they relate to smoking cessation and, more generally, men’s
health promotion.

Our finding that amajority of men related to Nick suggeststhat
it may be important to ensure that the main IVD character is
someone with whom the audience can identify. It appears,
though, that the character may not need to perfectly mirror the
demographics of the target audience. For instance, relatability
was not associated with viewers' age or previous quit attempts.
It was especially noteworthy that the character’s employment
asaconstruction worker did not mitigate i dentification with the
character by middle class men working in the tertiary sector.
These findings may suggest that men were connecting with the
struggles of Nick and hisreaction to the challengesthat hefaced,
rather than demographic identity (eg, ethnicity, class, age,
marital status). The modeling and permission of “other” men
is also known to deeply influence the actions and non-actions
of menin relation to their health [4]. Bearing both these points
in mind, the resonance of Nick with end-users may flow from
how, as well as what he does—rather than who he is perceived
to be. It is possible that Nick’'s workmanlike routine and its
segmented connections to smoking resonated with the
participants' desire to feel more competent and prepared to
execute a quit. As such, participants could have identified not
only with Nick, but with his challenges around smoking
cessation—amid being prompted to choosetheir own strategies.
So while men’s identity has often been linked to their jobs or
careers, identification with Nick and the quitting challenges
represented inthe [V Dswerelesslikely to depend on alignments
to the end-users’ employment status or specific job.

There were some men who did not relate with Nick. Thiscould
reflect a desire to “stand out from the herd”, and dis-identify
with this“ordinary” man, or perhaps claim identitiesthat counter
and contrast some aspect of Nick (masculine representation,
age, class, occupation, culture). Thefailuretoidentify with Nick
might also reflect participants’ uncertainty about their readiness
to quit—wherein they critiqued the 1VD product or its utility
rather than the process of quitting depicted therein. Future
qualitative research might explore the variation in the men’s
identification with Nick, aswell asvariation in responseto Nick
based on age difference, given the participants in this study
were on average 37 years old.

Although information on the challenges faced while quitting
smoking are widely available on the Internet, the men's
responses to If | were Nick point to the potential merit of the
IVDsin presenting this information through peer dialogue and

Bottorff et al

real-life situations. The 1VDs were designed to promote the
internal reflection of what men may think, feel, and do, in certain
situations. Men often avoid discussing emotion as it is not
considered “manly” or may be misconstrued as weakness. By
providing theinternal dialogue of afellow man and hisstruggles,
the IVDs are intended to normalize feelings that often go
undiscussed among the male population. These emotions are
further supported through seeing the responses of other men
once they have identified and locked in their responses using
the reflective questions.

The IVDs were also designed to empower the audience by
assisting men in visualizing and preparing for the challenges of
quitting and exposing them to the requisite skills needed to
sustain their quit thereby boosting self-efficacy, a critical
mediating influence on smoking cessation outcomes [18,19].
The findings from the current study indicated that preparing
and planning strategies, and providing choices in the context
of an IVD, hold potential for enabling men to action their
interest in reducing or quitting smoking. The disaggregated
day’s events, so typica of many men's lives, may have
prompted partici pants to deconstruct specific routinesand rituals
common to their everyday lives while prospectively planning
what they might do in similar circumstances. In an online
environment, amen’s VD smoking cessation intervention also
allows for that planning and strategy work to take place in an
anonymous setting, free of experts, which may be perceived by
men as taking action rather than receiving help—an approach
in accord with masculine values.

There is much uncertainty about best practices for IVDs in
health promotion, and in the specific context of men’s smoking
cessation, clearly, there is much to learn. Beyond identifying
(or not) with the central character (which could be remedied
through technologies enabling end-users to select an avatar or
choose from arange of characters or insert their own image to
avignette), the number and duration of the IV D scenarios might
influence the uptake and “ completion” of the series. Herein lies
the need for future large, longitudinal, comparative research to
better apprehend and predict what mediaand mechanisms might
prevail within an ever changing “virtual” forum for men’shealth
promotion. Future research might also measure quit rates to
assess the impact of 1VDs on men’s smoking cessation.

Conclusions

IVDs are an exciting new approach to support men’'s smoking
cessation that provide the opportunity to combine emotional,
social, cognitive, and behavioral aspects of quitting. A
well-developed 1VD can incorporate the principles of men’'s
health promotion, include multiple features that appeal to men
and convey valuable smoking cessation tacticsin an instructive
yet empowering way. When men gain new information and
believe they are skilled enough to apply it successfully, they
aremorelikely to try and to succeed in quitting smoking. Given
that the use of IVDs in health promotion is in its infancy, the
positive outcomes from this study suggest the potential for IVDs
and warrant moving forward in this area.
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Abstract

Background: There are currently over 1000 exercise apps for mobile devices on the market. These apps employ a range of
features, from tracking exercise activity to providing motivational messages. However, virtually nothing is known about whether
exercise apps improve exercise levels and health outcomes and, if so, the mechanisms of these effects.

Objective: Our aim wasto examine whether the use of exercise appsis associated with increased levels of exercise and improved
health outcomes. We al so devel op aframework within which to understand how exercise apps may affect health and test multiple
models of possible mechanisms of action and boundary conditions of these relationships. Within this framework, app use may
increase physical activity by influencing variables such as self-efficacy and may help to overcome exercise barriers, leading to
improved health outcomes such as lower body massindex (BMI).

Methods: In this study, 726 participants with one of three backgrounds were surveyed about their use of exercise apps and
health: (1) those who never used exercise apps, (2) those who used exercise apps but discontinued use, and (3) those who are
currently using exercise apps. Participants were asked about their long-term levels of exercise and about their levels of exercise
during the previous week with the International Physical Activity Questionnaire (IPAQ).

Results. Nearly three-quarters of current app users reported being more active compared to under half of non-users and past
users. The IPAQ showed that current users had higher total Ieisure time metabolic equivalent of task (MET) expenditures (1169
METS), including walking and vigorous exercise, compared to those who stopped using their apps (612 METS) or who never
used apps (577 METS). Importantly, physica activity levels in domains other than leisure time activity were similar across the
groups. The results also showed that current users had lower BMI (25.16) than past users (26.8) and non-users (26.9) and that
this association was mediated by exercise levels and self-efficacy. That relationship was also moderated by perceived barriers to
exercise. Multiple serial mediation modelswere tested, which reveal ed that the association between app use and BMI is mediated
by increased self-efficacy and increased exercise.

Conclusions: Exercise app usersare more likely to exercise during their |eisure time, compared to those who do not use exercise
apps, essentially fulfilling the role that many of these apps were designed to accomplish. Data also suggest that one way that
exercise apps may increase exercise levels and health outcomes such asBMI isby making it easier for usersto overcome barriers
to exercise, leading to increased self-efficacy. We discussways of improving the effectiveness of apps by incorporating theory-driven
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approaches. We conclude that exercise apps can be viewed as intervention delivery systems consisting of featuresthat help users

overcome specific barriers.

(J Med Internet Res 2015;17(8):€195) doi:10.2196/jmir.4142

KEYWORDS

mobile health; apps; exercise; barriers to exercise; self-efficacy; BMI

Introduction

Background

In recent years, the mobile apps market has seen aproliferation
of medical and health apps [1-5]—apps whose purpose is to
promote health and improve the delivery of health care. Of the
wide variety of mobile health apps, exercise and fitness apps
arethe most popular, accounting for 39% of health-related apps
[6].

Lack of exercise puts individuals at an increased risk of
numerous chronic health conditions, including metabolic
syndrome, cancer, depression, and osteoporosis [7]. It is well
documented that sufficient exerciseiscritical for the promotion
of long-term health, weight management, and improved
management and prognosis of a variety of chronic illnesses,
including a 35% reduction in cardiovascular mortality and a
33% reductionin all-cause mortality [8]. Despite theimportance
of physical activity, an alarming 30% of people throughout the
world are physically inactive [9].

Because of their widespread use, exercise apps have the potential
to dramatically improve health outcomes in the United States
and around the world, and may thus play an increasingly
important role in the public health effort to increase
population-wide exerciselevels. Empirical evidenceisbeginning
to emerge that the use of exercise-related mobile health
technology may be associated with increased exercise levels
[10-18] (see [19] for review), and such devices are also
beginning to be used in clinical settings [20]. However, the
mechanisms by which exercise apps may impact behavior
change and health outcomes have not been thoroughly explored.

Current Research

Exercise apps can be viewed as collections of features, each of
which has the potential to target specific aspects of cognition,
affect, and behavior. Features of exercise appsinclude providing
feedback based on tracking user exercise activity, providing
motivational messages, demonstrating the right way to exercise,
setting and monitoring goals, incorporating social media, and
helping users schedule their exercise program. There are

http://www.jmir.org/2015/8/e195/

currently over 1000 exercise apps for mobile devices on the
market incorporating a myriad of combinations of specific
features [6,21]. In this study, we explore how apps may impact
behavior at a broad level, by focusing on two variablesthat are
key predictors of physical activity: self-efficacy and barriersto
exercise. Most broadly, app features may be conceptualized as
targeting specific barriers. To the extent that an app may help
an individual overcome specific barriers, it may be expected to
increase self-efficacy, leading to increased exercise and, over
time, improved health outcomes.

In this study, we test various models of how these variables
may be influenced by app use and in turn may help promote
increased levels of exercise and health. The models’ starting
point is the well-established link between exercise and health
outcomes. We use body mass index (BMI) as an indicator of
health because of its known association with overall health
outcomes[22] and its association with exercise levels[23]. We
expect to replicate this latter association in this study, in that
participantsin our samplewho report exercising moreregularly
are expected to have an overall lower BMI. Having replicated
that link, we will explore ways that using an exercise app may
be associated with changesin BMI, through the effects that app
use has on increasing exercise. Specifically, we will test the
hypothesisthat the use of exercise appswill be associated with
greater levels of exercise, which in turn will be associated with
lower BMI.

We further predict that individuals who have a high number of
barriersto exercise will exercise morewhen they use an exercise
app compared to those who do not use an app. However,
individuals who have relatively few barriers will be less likely
to benefit from using an exercise-focused app. Figure 1 presents
a model of relations between app use, barriers to exercise,
exerciselevels, and BMI. Themodel predictsthat app useleads
to increased exercise (Path 1) and that increased exercise leads
to decreased BMI (Path 2). The model also predicts that the
effect of app use on exercise (Path 1) will be moderated by
barriers. In a separate model, we examine the effect of app use
on sef-efficacy. App users are expected to have higher
self-efficacy, which will mediate exercise levels and in turn
mediate BMI.
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Figurel. Model of relations between app use, exercise, and BMI, with barriers to exercise as the moderator.
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Methods

Participants

A total of 726 participants completed the study; 54.9% (399/726)
were male. Thedropout rate was 7%. Participantswererecruited
through Amazon’s Mechanical Turk platform. Each participant
was paid US $2.50 for completing the study. Participants’ ages
ranged between 18 and 74 (mean 32.4, SD 11.1).

Design

The study was posted on Amazon Mechanical Turk (MTurk)
[24] where alink was made available to a survey, hosted on the
Qualtrics website. Participants were asked about their use of
exercise apps, and those answers resulted in their assignment
to one of three groups: (1) those who never used an exercise
app, (2) those who used an exercise app in the past but had since
stopped, and (3) those currently using an exercise app. Exercise
apps were defined as follows: “Have you ever used an exercise
application on any device (iPhone, iPad or Android)? An
exercise application isadownloadable App for amobile device.
It isintended to help you exercise (note, appsthat help with diet
but not exercise are not considered exercise apps).”

The participants who had used an exercise app either currently
or in the past were asked questions pertaining to their app use
and to the app itself, such as how long they used the app for, if
they found it helpful, and what features the app has (eg, social
features such asthe ability to post results on Facebook, feedback
structure, ability to input data). They were also asked to choose
their app from alist of apps. In addition, each participant was
asked to fill out measures that assessed their level of physical
activity, their perceived barriers to and perceived benefits from
exercise, their exercise self-efficacy, and self-reported weight
and height. Thethree groupswere then compared to seeif using
an exercise app was associated with our key outcomes, including
BMI, frequency of exercise, metabolic equivalent of task (MET)
levels, self-efficacy, and barriers to exercise.

http://www.jmir.org/2015/8/e195/

BMI

The study with all surveys and questions can be found in
Multimedia Appendix 1.

M easures

International Physical Activity Questionnaire

Physical activity (PA) was assessed using the International
Physical Activity Questionnaire—Long Form (IPAQ) [25]. The
IPAQ isasurvey that consists of 27 questions on the frequency
and duration of PA during the last 7 days. The survey covers
five separate domains: (1) job-related physical activity, (2)
transportation-related PA such as biking or walking, (3) PA
related to housework and gardening, (4) PA done during leisure
time, and (5) time spent sitting. Within these activity domains,
levelsof activity intensity were estimated and assigned an MET:
moderate PA=4 MET, vigorous PA=8 MET, walking=3.3 MET,
sitting=1 MET. The IPAQ was scored by multiplying the
frequency (days per week), duration (minutes per day), and the
intensity (MET) of the activities performed, resultinginaMET
minutes per week score.

Exercise Benefits/Barriers Scale

The Exercise Benefits/Barriers Scale (EBBS) [26] consists of
43 items with two subscales: one relating to perceived benefits
to exercise (29 items) and one relating to perceived barriers of
exercise (14 items). The scale has an overall internal reliability
of .95, test-retest reliability of .85 [27], and predicts physical
activity levels[28].

Exercise Confidence Survey

The Exercise Confidence Survey (ECS) is a 12-item scale that
measures exercise self-efficacy [29], using a 5-point Likert
scale. The scale has an alpha reliability coefficient of .92, and
it significantly predicts self-reported activity [30].

Assessment of Long-Term Exercise Frequency

The IPAQ is limited to assessing activity during a 1-week
interval. However, activity levels on any given week can be
influenced by multiple factors such asillness, work and family
commitments, holidays, and vacations. Therefore we included
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a question to assess longer-term exercise patterns that asked
participants, “On average, how often have you exercised over
the last several months?’ The available response options were
(1) I don't currently exercise, (2) | am exercising but
infrequently (afew times amonth at most), (3) | am exercising
about once aweek, (4) | exercise 2 to 3 times aweek, and (5)
| exercise more than 3 times a week. Responses 4 and 5 were
labeled as “active”.

Statistical Analyses

Moderation and Mediation Models

Moderation and mediation models were computed utilizing
PROCESS, amediation and moderation software package[31].
The three app use groups were dummy coded [32], with
non-users being the reference group against which current and
past users were compared. Barriers to exercise were centered,
and cross products of barriersto exercise and app use conditions
were computed to produce the two interaction terms required
to represent the interaction between the app use condition and
barriersto exercise. Exercise frequency wasthen regressed onto
the two contrast variables, with additional covariates included
in the model being education level, age, and income.

Mediation

The three levels of app use were dummy coded as in the
moderation analysis above. Each of the two dummy-coded
variables was entered into the regression equation, with the
other dummy-coded variable entered as a covariate, and age as
an additional covariate in the model. To test this potential
mediation effect, we followed the bootstrapping method,
utilizing 5000 iterations[33]. The bootstrapping procedure tests
the null hypothesis that the indirect path from the interaction
term to the dependent variable via the mediator does not
significantly differ from zero. If zero is not contained within
the confidence intervals (Cl) computed by the bootstrapping
procedure, one can conclude that the indirect effect is indeed
significantly different from zero at P<.05.

Moderated Mediation

Moderated mediation was modeled by entering the contrast
between currently using and never used groups (contrast 1) as
the predictor, barriersto exercise as the moderator, and BMI as
the outcome variable. Asdescribed in[31], the contrast between
past users and current users groups (contrast 2), the moderator,
and the interaction between contrast 1 and the moderator, were
entered as covariates. The index of moderated mediation [31]
uses the bootstrapping method to test the null hypothesis that
the indirect path from the interaction term to the dependent
variableviathe mediator does not significantly differ from zero.

Descriptive Statistics

Significant age differences in app use were observed.
Specifically, participants who were older than 35 years were
morelikely to have never used an exercise app. Because exercise
levels, BMI, and other outcome variablesin this study such as
attitudes toward exercise and perceived barriers can al differ
based on age, we used two separate approaches in controlling
for age: (1) exclude participants older than 35 and (2) covarying
out the effect of age.
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For the purposes of presenting the results descriptively (and the
corresponding chi-square tests of independence), we excluded
participants older than 35. The purpose of these analysesisto
establish the percentage of participantsin each app use condition
who exercise regularly. Thus, for these analyses, rather than
covarying out age, weincluded only the participants who were
younger than 36.

A total barriers score was computed by summing items across
all of the barriers examined by the scale. For the purposes of
presenting the results descriptively, we dichotomized the barriers
scaleinto high and low barriersindividual s, based on the mean
of thetotal barriers score.

For mediation and moderation modeling, all participants,
including those above 35, were included in the analyses, and
age was entered as a covariate in al models.

Results

Demographic Characteristics of the Sample

Nearly two-thirds of participants (464/726, 63.8%) reported
never having used an exercise app (non-users), 15.8% (115/726)
reported having used an app in the past but stopping (past users),
and 20.2% (147/726) reported using an exercise app currently
(current users). Non-users (NU) were older on average (34.3
yearsold) than past users (PU) (29.1 yearsold) and current users
(CU) (28.1 years old): F,7,;=20.4, P<.001. Sheffe-corrected
post-hoc comparisons showed that current and past users did
not differ in age from each other (P>.9) but both were
significantly younger than non-users (Ps<.001). There were
also differences in BMI between the three groups (NU=26.9,
PU=26.7, CU=25.2), F, 1,;=4.3, P=.014.

Internal Consistency of Assessment M easures

Table 1 presents zero-order correl ations between measures used
in this study, which reveal both expected and internally
consistent patterns of associations. Participants who reported a
lot of barriers to exercise were less active on all measures, had
lower self-efficacy, and higher BMI. Self-efficacy was positively
correlated with all measures of physical activity, and negatively
correlated with BMI. BMI was negatively correlated with length
of app use (in weeks) for the current users group (r46=-.19,
P<.05), but not for the past users group (r;14=.05, P=.55).

Exercise frequency (EF) was reveded to be correlated with
activity levels as measured by the IPAQ (r,,,=.32 between EF
and Total Leisure MET, P<.001), thus establishing the
convergent vaidity of thelong-term exercise frequency measure.
People generally exercise during their leisure times. Thus,
exercise levels should correlate strongly with vigorous leisure
time activity. Consistent with this approach, exercise frequency
was correlated with vigorous leisure MET levels and with total
leisure MET levels. However, EF was less strongly correlated
with moderate leisure MET levels, and not at all with work
MET levels.

Exercise frequency was also correlated with barriers,
self-efficacy, and BMI. Although both the exercise frequency
and IPAQ measures were significantly correlated with
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self-efficacy, barriers, and BMI, exercise frequency was more
strongly correlated with these measures than the IPAQ. Thisis
likely due to the IPAQ’s exclusive focus on activities during a
single week. Because exercise frequency appears to be a more
reliable measure of long-term exercise patterns, we use exercise
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frequency as the outcome variable in our mediation and
moderation models. Since the IPAQ can provide insight as to
which areas of daily life are likely to be impacted by exercise
apps, in subsequent analyses the IPAQ is used to supplement
the exercise frequency measure of activity.

Table 1. Zero-order correlations for the total sample (zero-order correlations between all outcome measures, mediators, and moderators).

Measures?

1 2 3 4 5 6 7 8
Exercise frequency (1) - 32° 340 22° 01 -51° 53° -19P
Total leisure MET (2) - 93¢ 65° 14° -2P 28° .08°
Vigorous leisure MET (3) - 46° .09 -22° 28° -1°
Moderate leisure MET (4) - 15° -1° 18P -.05
Work MET (5) - -.01 19° .07
Barriers scale (6) - -53P 27°
Self-efficacy scale (7) - -.14P

BMI (8)

3N umbers in parentheses correspond to column numbers.
Bindicates asignificant correlation at the P<.001 level.
CIndicates a significant correlation at the P<.05 level.

Exercise Differences Between App Use Conditions

In the analyses bel ow, we examine whether the use of exercise
apps is associated with increased activity levels. As discussed
above, for this analysis only participants below age 35 were
included. Thus, for the descriptive statistics presented in Tables
2 and 3, al participants were below age 35. These participants
did not differ with respect to age: F; 406=1.6, P=.2.

In the first analysis, we use exercise frequency as the outcome
variable. For this analysis, we considered individuals who
reported exercising two or moretimesaweek as active. Overal,
current users were more likely to be active (73%) compared to
non-users (45.8% active), and past users (46.1% active) x°=30.6,
P<.001. Past users and non-users were not different from each
other (see Table 2).

Table 2. Percent of active participants for three app use groups across two levels of barriers.2

Active app users, %

P vaue

Non- Past users Current users Current users vs non- Current users vs past Non-users vs past
users df X2  users users users

All subjects  45.8 46.1 73 2 306° <.001 .0001 .53

High barriers  32.2 238 60 2 207° .001 .001 44

Low barriers  68.7 72 84.1 2 72° 004 142 .37

8Comparisons of current app users, those who began using an app and then stopped, and those who never used an app on self-reported frequency of

exercise. Exercise at arate of twice per week was categorized as active.
b ndicates asignificant )(2 at the P<.001 level.
%|ndicates asignificant x2 at the P<.05 level.

We then examined the differences in activity levels across the
three app use groups using the IPAQ. Differences in each
activity domain were explored using abetween-groupsanalysis
of variance (ANOVA). One-tailed planned contrasts were used
to compare the current users to non-users and past users,
reflecting our a priori hypothesized effect of greater activity
levelsfor the current users. Means, standard deviations, F, and
P values for al analyses are presented in Table 3. Overall
differences between groups were found for total leisure METS,
vigorous leisure METSs, and walk leisure METs. Moderate

http://www.jmir.org/2015/8/e195/

leisure METs were marginally significant. No significant
differences in activity levels were found in any other activity
domain, including total METS, work METSs, transportation to
work METS, or home/gardening METSs. Planned contrastsfurther
showed that current users had higher activity levels compared
to non-usersinall leisure subdomains. Current users had higher
activity levels compared to past usersin walk leisure, and total
vigorous leisure METs but not moderate leisure METs. The
non-users and past users were not different from each other in
any of the leisure activity subdomains.

JMed Internet Res 2015 | vol. 17 | iss. 8 [e195 | p.44
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Litman et al
Table3. MET comparisons across app use groups.?
Mean (SD) F° Pvaue Pvaue
Non-users Past users Current users Current  Current  Non-user
UServs  uservs  vspastuser
non-user  past user
Total MET 3724 (4694) 2976 (4382) 4351 (5675) 21 12 04 023 .19
Total Leisure MET 577 (1205) 612 (1518) 1169 (2088) 6.4 .002 .001 .009 85
Vigorous Leisure MET 383 (896) 440 (1005) 730 (1439) 38 .02 .006 034 67
Walk Leisure MET 191 (395) 146 (521) 427 (729) 8 <.001 <.001 .001 53
Moderate Leisure MET 77 (287) 105 (362) 162 (386) 26 .076 024 22 49
Work MET 2976 (3435) 1796 (2378) 2564 (3160) 23 1 .39 22 .036
Transportation MET 564 (944) 524 (842) 633 (1130) 2n 76 56 48 77
House Work/ Gardening MET 1450 (2357) 1304 (2282) 1500 (2370) 19 .83 .55 .85 .61

8Comparisons of current app users, those who began using an app and then stopped, and those who never used an app on the | PAQ self-reported metabolic
equivalent of task, across eight activity categories. MET values reflect estimated totals for 7 days prior to study participation.

bDegrees of freedom are 2 and 512 for all reported omnibus F tests.

Barriersto Exercise

In the next analysis, we examined how the use of exercise apps
is associated with barriers to exercise. Percent of active
participants, based on the exercise frequency measure in each
of the three app groups, along with the omnibus chi-square, P
values, and pairwise chi-sguare comparisons are presented in
Table 2 separately for the high and low barriers groups. Low
barrier participants were more likely to be active than high
barrier participants across all three conditions. Both high and
low barrier current app users were significantly more active
than non-users. Critically, only the high barrier, but not the low
barrier, current users were more active than past users. Past
users and non-users were not different from each other
independent of their high versuslow barrier status. Theseresults
suggest that individuals with high barriers to exercise benefit
more from using an exercise app, compared to individuals with
low barriersto exercise.

One possible explanation for the finding that current app users
exercise more than individuals who are not currently using an
exercise app is that individuals who exercise more often may
be more likely to buy exercise apps. Ancther possibility isthat
app use will be associated with more leisure time activity even
among active participants who exercise on aregular basis. To
examinethis, in the next analysisweincluded only participants
who indicated that they are active (ie, exercise at least 2 or 3
timesaweek). A 2 (high/low barriers) X 3 (non-users, past users
and current users) independent-groups ANOVA was then
conducted, with Total Leisure MET as the dependent variable.
The results revealed a significant main effect of app usage
(F22,7=3.1, P=.04). Additionally, the app usage X barriers
interaction (F,2,7=3.3, P=.04) remained significant. These
results show that individuals with high barriers to exercise
benefit more from using exercise apps, even among individuals
who exercise regularly.
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Simple Moderation: BarriersasModerators of
Exercise

The analyses above suggest that thereis an interaction between
barriers and app use. To formally model this interaction, we
carried out a moderation analysis with app use as a 3-level
multi-categorical predictor (non-users, past users, and current
users), barriers as the continuous moderator and exercise
frequency as the outcome variable.

For all models below, all participantsincluding those ol der than
35 were included in the analyses, with age as a covariate. The
full model accounted for 29.7% of the variance in exercise
frequency (Fg700=49.2, P<.001). The moderation analysis
reveal ed that the association between app use and exerciselevels

was significantly moderated by barriers to exercise (R? change
due to the interaction=.0069, F, ;,,=6.8, P=.009). Specifically,
app use was associated with higher levels of exercise for those
participants who had more barriers. The Johnson-Neyman
bootstrapping technique was used to probe the effect of app use
at each level of the continuous moderator (see[34], pp. 234-56).
As shown in Figure 2, the association between app use and
exercise increases with higher barriers levels. The
Johnson-Neyman bootstrapping technique further revealed that
abarriers score of 1.45 was the cut-off point below which app
use was no longer associated with increased exercise among
current users compared to non-users.

The contrast between current users and non-users was the only
onethat resulted in significant moderation. The contrast between
past users and non-users was not significant (R? change due to
the interaction=.0004, F, 7,,=.3637, P=.55). Most importantly,
Johnson-Neyman bootstrapping illustrated that there were no
significant changes in the association between app use and
exercise levels at any level of the moderator.
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Figure 2. Relationship between app use and exercise at different levels of the continuous barriers to exercise moderator.
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Simple Mediation: Exercise asa Mediator of Body
Mass Index

In the next model, we extended the hypothesized effect of app
use from exercise to our measure of health status, represented
by BMI. In this model (see Figure 3), exercise frequency was
entered asamediator between app use and BMI. Themain goal
of this mediation model was to test for (1) significant indirect
effects of app use on BMI, through exercise levels and (2) to
examine whether this indirect effect completely accounts for
the association between app use and BMI (ie, no significant
direct effect).

The weights for the pathsin the model are presented in Figure
3. For the current users versus non-users contrast, the 95%
confidence interval for the indirect effect ranged from -1.22 to

http://www.jmir.org/2015/8/e195/

RenderX

-.43, indicating that the indirect effect was significantly different
from zero at the P<.05 level. For the direct effect on the other
hand, the 95% confidence interval ranged from -1.47 to 1.15,
indicating that the direct effect was not significant. Theseresults
show that the reason that app users have lower BMI compared
to non-users is that app users exercise more. The lack of a
significant direct effect further shows that exercise fully
accounts for the BMI differences between current users and
those who never used exercise apps.

For the past users versus non-users contrast, the 95% confidence
interval for theindirect effect ranged from -.25 to .29, indicating
that the indirect effect was not significantly different from zero
at the P<.05 level. Thedirect effect waslikewise not significant,
ranging from -1.14 to 1.48.
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Figure 3. Mediation model in which app use was modeled as a 3-level predictor categorical variable in two separate contrasts. Solid lines depict the
indirect and direct effects of a2-level current users vs non-users contrast’s effect on BMI. The dashed lines depict the indirect and direct effects effect
of a2-level past users vs non-users contrast’s effect on BMI. Asterisk indicates significant results at P<.05 level. nsindicates non-significant results at

the P<.05 level.
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M oderated M ediation: Barriers Moderate the
Mediating Effect of Exercise on Body Mass I ndex

Next, we combined the moderation and mediation models to
test amoderated mediation model, in which barriersto exercise
moderate theindirect path from app useto BMI through exercise
frequency (see Figure 1 above). The moderated mediation model
built on the previous analyses showed that (1) app use is
associated with decreased BMI, (2) app use is associated with
increased exercise frequency, (3) the association between app
use and exercisefrequency ismoderated by barriersto exercise,
and (4) that the association of app use and BMI is mediated by
exercise levels. Theresults confirmed the indirect effect of app
use on BMI through increased exercise was moderated by
barriers to exercise (95% CI -.0821 to -.006).

Modeling Multiple Serial M ediation

The previous analyses established that (1) app useis associated
with lower BMI, (2) app useis associated with higher levels of
exercise, and (3) that app use is associated with BMI through
increased exercise levels. In the next model, we added
self-efficacy asan additional plausible mechanism between app
use and exerciselevels, to examine whether the mediation effect
of exerciseisitself mediated by self-efficacy. Self-efficacy was
added to the model as an additional mediator, which was serial
and preceded the exercise frequency mediator in the causal
chain (Figure 4). The main goal of this mediation model was
to test (1) for serial mediation of the association between app

http://www.jmir.org/2015/8/e195/

use and BMI, through self-efficacy and exercise levels, (2)
whether self-efficacy mediates the effect directly without
exercisein the model, (3) whether thisindirect serial mediation
effect completely accounts for the association between app use
and BMI and (4) whether self-efficacy precedes or follows
exercise in the causal chain between app use and BMI.

For the indirect effect of exercise on BMI through self-efficacy
and exercise frequency, the 95% confidence interval ranged
from -.46 to -.1, indicating that the indirect effect for serial
mediation was significantly different from zero at the P<.05
level. For the direct effect on the other hand, the 95% confidence
interval ranged from -1.87 to .6, indicating that the direct effect
was not significant. Reversing the order of the self-efficacy and
exercisefrequency mediatorsresulted in non-significant indirect
effects for both contrasts.

These results show that app use is associated with increased
sel f-efficacy, which in turn mediates exercise level's, accounting
for lower BMI among current app users compared to non-users.
Importantly the indirect effect of self-efficacy in the absence
of exercise in the model was not significant. This shows that
self-efficacy by itself is not a mediator of BMI, but that
self-efficacy’s mediation of BMI occurs through its mediation
of exercise.

When the past users group was entered as the independent
variable with the current users groups entered as a covariate,
both the direct and indirect effect were not significant (direct
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effect: -1.1 to 1.4; indirect effect -0.14 to 0.10). This indicates
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that past users are not different from non-users.

Figure 4. Mediated mediation model in which app use was modeled as a 3-level predictor categorical variable in two separate contrasts. Solid lines
depict the indirect and direct effects of a 2-level current users vs non-users contrast’s effect on BMI. The dashed lines depict the indirect and direct
effects effect of a2-level past usersvsnon-users contrast’s effect on BMI. Asterisk indicates significant results at P<.05 level. nsindicates non-significant

results at P<.05 level.
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Discussion

Principal Findings

The goal of the current study was to examine whether
individual swho use exercise apps exercise more than individual s
who do not use such apps, and to identify plausible mechanisms
by which the use of exercise apps may lead to increased levels
of exercise and improved health outcomes. Current users of
exercise apps were 27% more likely to self-report being active
compared to participantswho have either never used an exercise
app or stopped using their apps. Increased activity among app
users was specific to leisure time, including vigorous and
moderate leisure activities, walking during leisure time, and
total leisuretime activities. Leisuretime activity has been shown
in exercise intervention studies to be the most important time
for exercise. A meta-analysis of 127 studies showed that the
most successful interventions are those that promote increased
leisure time activity [35]. Leisure time activity, specificaly,
also has strong associations with health outcomes including
reduced risk of dementia [36], metabolic syndrome [37],
myocardial infarction [38], and death [39]. Importantly, no
differenceswere found between current app users and non-users
among other activity domains such as total MET or
transportation to work. Thelack of differencein overall activity
shows that app users and non-users in our sample are not
different in their overall activity profile, but differ specifically
with regard to their |eisure time exercise activities. Theseresults
show that mobile exercise app users use their leisure timein a
more health-oriented way and suggest that mobile exercise apps
may help users to increase their leisure time physical exercise
activity levels.
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Ideally, the three groups in this study represent a sequence of
events in time. These results would provide insight as to what
occurs when an individual transitions from not being an app
user, to being an app user, and then to stopping their app use.
Interpreted this way, these results indicate that using an app
increases leisure exercise activity and leads to a reduction in
BMI, and that stopping to use an app reverses these gains.
However, the cross-sectional nature of this study precludesthis
interpretation. While our analyses utilized covariates such as
age, income, and socioeconomic status, it is still possible that
pre-existing differences such asinterest in exercise can account
for the differences between app adopters and non-adopters.

This interpretation is less likely to account for the differences
observed between those app userswho are currently using their
app and those who are no longer using it. In particular, BMI
among current users, but not among past users, was negatively
correlated with how long they used their exercise app. This
result is consistent with theinterpretation that extended app use
leads the user to exercise more consistently for extended time
periods, which leads to reductions in BMI. However, it is still
possible that higher interest in exercise, which may be more
likely among individuals with lower BMI, can account for both
the adoption of an app and the length of its use. It is thus till
plausible that individuals who are more interested in exercise
are more likely to seek out tools, such as exercise apps, which
can help them to achieve their goals—but at the sametimethese
individualswould be more likely to exercise even in the absence
of such tooals. In other words, app users may be natural “high
exercisers’, who also have lower BMI.

To control for the potential bias in the disproportionally high
number of high exercisers among current app users, we anayzed
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a subsample of participants who all reported to be active (ie,
exercise at least two times per week). In this subsample of
participants, app users still had higher levels of leisure time
activity compared to non-users. These analyses reduce the
likelihood that pre-existing attitudes toward exercise are able
to account for the differences between current app users and
non-usersthat were observed in this study. The model s presented
in this study put additional significant constraints on the
plausibility of this alternative explanation because it was the
app users with the highest number of barriers who were more
likely to benefit from using an app both in terms of increased
exerciselevelsand decreased BMI. High barrier individualsare
generally likely to exercise least, and it is specifically among
these individuals that the strongest effects of app use were
observed. Although the sum total of our results suggest that
there may be a causal relationship between app use and health
outcomes, as in any cross-sectiona study the possibility of
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confounding always exists. Future studiesthat use experimental
and longitudinal study designs will be able to shed more light
on the effects described in this study.

Exercise interventions do not directly change behavior [40] but
instead havetheir effect through intermediary variablesreferred
to as mediators, and these effects are often bounded by
moderators. To develop an understanding of the mechanisms
that lead exercise app usersto exercise more, and to explorethe
possible boundary conditions around these effects, we tested a
number of mediation and moderation models. In the mediation
models, the indirect effects provide insight as to the plausible
mechanismsthrough which exercise apps, asinterventions, may
contribute to behavior change. We use the results of these
models to develop aframework for understanding the effect of
exercise apps as an exercise intervention of potentially high
public health value and for contextualizing exercise appswithin
the framework of behavior change theories (see Figure 5).

Figure 5. Barrier-centered model of exercise apps as exercise behavior-change intervention delivery systems. In this model, an individual’s barriers
are taken into account during the app design process (b) personality, stages of change, and theory-driven approaches are all used in tailoring sets of
features (a) that will maximally help theindividual overcometheir barriers. The effectiveness of the features|eadsto increased exercise frequency either
directly (d) or through increased self-efficacy (c, €), leading to improved health outcomes (f).

L

L J

v

Barrier 2

Barrier 3

Self-Efficacy

Stage of Change.
Personality.
Theory of
Behavior
Modification.

TheRoleof Barriers

While some people do not exercise dueto alack of interest and
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barriers that prevent people from exercising [41]. Barriers to
exercise can be viewed as the common denominator and the
overarching target that all exercise-focused interventions aim
to address. For this reason, we chose barriers to exercise asthe
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starting point in our models. At the broadest level, our models
predicted that the effectiveness of apps comesfrom their ability
to help individuals overcome their barriers.

Barriers were found to be significant moderators of app use on
exercise. Individuals who have relatively few barriers were
found to be less likely to benefit from exercise apps, likely
because their engagement in exercise activity is not hampered
by barriers, and these individuals are thus less in need of an
intervention. Individuals with relatively high levels of barriers
on the other hand were most likely to benefit from using exercise
apps—an effect that extended to their BMI.

Common barriersto exerciseincludelack of time, lack of access
to exercise facilities, lack of enjoyment of exercise, and/or lack
of energy to exercise [42]. For example, an individual may be
highly motivated to jog on aregular basis but may be prevented
from doing so due to their traveling schedule [43]. Being in a
novel location on aregular basis may make it difficult to find
appropriate locations for jogging and exercising, thus making
participation in consistent physical activity lesslikely over time.
Frequent travel isan objective exercise barrier, and to the extent
that an exercise app can provide tools with which to overcome
that barrier, it may help the user to exercise more. For example,
an app that incorporates a global positioning system (GPS)
feature that tracksthe user’slocation and informs the user about
nearby places to run or exercise may be able to help that
individual overcome that particular barrier. Apps that provide
information or video tutorials on proper exercise techniques
can help overcome knowledge barriers, and these apps may be
especialy useful in certain special-needs populations such as
pregnant women or individuals with disabilities [44], where
special exercise techniques are often required for increased
safety. Another example of how apps can help users overcome
specific barriers is by features that help to motivate a user to
increasetheir physical activity levels. For example, gamification
apps may be able to improve motivation by increasing overall
enjoyment of running [45]. Apps can aso improve motivation
by incorporating motivational messages, especially if those
messages are based on tracking individual performance.

Sdf-Efficacy

Exercise self-efficacy refers to a person’s confidence in their
ability to engage in exercise [40]. Individuas who are more
confident in their ability to exercise have been shown to be more
physically active, and numerous studies have shown that belief
in one's ability to exercise is one of the best predictors of
exercise performance. In a study of over 2500 people,
self-efficacy was revedled to be the strongest predictor of
vigorous exercise compared to 25 other predictors that were
examined [46,47].

Self-efficacy both predictsand is predicted by exercise activity,
and is likely to be in a causally reinforcing relationship with
exercise [40]. At the cognitive level, interventions that are
successful at increasing exerciselevels also empower individuals
to have confidencein their ability to follow an exercise regimen.
Thisis consistent with two alternative views as to how the use
of exercise apps may affect BMI through self-efficacy and
exercise. One possibility isthat app use increases self-efficacy,
which increases exercise levels, leading to lower BMI. Another
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possibility is that app use increases exercise levels, which
increase self-efficacy. Serial mediation allowsfor direct testing
of these causal paths by changing the order of the serial
mediators, because the predictor and outcome variable remain
identical in the model and, thus, both models’ parameters can
be compared directly [48].

Our results show that app use is associated with higher
self-efficacy. Self-efficacy mediates the relationship between
app use and exercise. Exercisein turn mediates the association
between self-efficacy and BMI. Specifically, only the model in
which self-efficacy was entered asthefirst mediator and exercise
as the second mediator was significant, but not the model in
which the exercise mediator preceded the self-efficacy mediator.
Additionally, increased self-efficacy does not directly mediate
reductionsin BMI, but only through its mediation of increased
exerciselevels. Theseresults show that self-efficacy isacentral
mechanism by which the use of exercise appsisassociated with
both exercise and health outcomes (BMI).

These results provide insight into the possible mechanisms
through which apps, as interventions, may influence exercise
and health. Self-efficacy interventions have been shown to
causally improve exerciselevels[49]. Additionally, self-efficacy
is effective in helping individuals to overcome their barriers
[50]. Increased levels of self-efficacy among app users may
stem from the increased confidence the users obtain from using
app features that help them overcome their barriers. To the
extent that app use hel psindividualsto overcometheir barriers,
individuals' self-confidencein their ability to consistently follow
an exercise program will increase, and this increase in
self-efficacy will betied to increased exerciselevelsand positive
health outcomes. In summary, our models show that individuals
who use apps are more likely to exercise despite their barriers,
which mediates increased self-efficacy and reduced BMI.

Exercise Apps and Public Health

Over the last 50 years, the United States population has seen a
significant reductionin overall physical activity [51]. Decreased
demand on manual labor in the workforce and changes in
transportation patterns have contributed to asignificant reduction
innon-leisure activity levels. Whileleisuretime physical activity
has remained largely stable and may even have dlightly
increased, the net activity levels in the population continue to
decreasedramatically [51]. Interventionsthat can help to at least
partialy reverse this trend can have an immense impact on
overall population-wide heath outcomes, and hedth care
expenditures. To that end, the development of effective
interventionsfor increasing overall activity levelsareakey aim
of public health exercise science and policy.

Mobile apps have a number of advantages over other
intervention delivery systems such as Internet websites[52] for
promoting physical activity. One advantage of exercise appsis
their degree of customizability. An app can incorporate features
that are specific for the needs of anindividual and, for example,
can take individualized data such as connecting to a user's
calendar to help schedule exercise sessions. Apps are aso
mobile and able to provide services on a virtually continuous
basis. Because people keep mobile phones with them most of
the day, apps can also track activity, monitor progress, and
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deliver messages on an ongoing basis. The customizability,
versatility, and portability of mobile apps make them idea as
potential intervention delivery systems.

The results presented in this study suggest that apps, as
intervention delivery systems, have the potential to significantly
improve population exercise levels and may thus have a
significant impact on future public health outcomes. Within this
framework, apps can be viewed as collections of features. Each
feature targets specific barriers, and to the extent that a feature
is successful at helping an individual overcome their barriers,
it increases their self-efficacy with regard to that barrier and
subsequently affects exercise behavior and health outcomes
(see Figure 5).

While extant apps provide multiple features that appear to help
usersovercometheir barriers, the effectiveness of exercise apps
can be dgnificantly improved by the utilization of
individualized, theory-driven approaches (see Figure 5). There
is wide recognition that the effectiveness of interventions is
enhanced by the theories of behavior change [40]. Reviews of
appsthat are currently on the market however, reveal aprofound
lack of theory-driven and evidence-based approaches in app
design. For example, in the Transtheoretical Model, barriers
differ depending on the stages of change. Individuals in the
preparation stage have more perceived barriers compared to
thosein the active stages. Further, in the active and maintenance
stages, barriers that are associated with relapse are going to be

Litman et d

of high importance. However, even the current top exercise
apps currently do not have features aimed at relapse prevention
[53], athough such approaches are currently in development
[19]. Additionally, apps should take personality differencesinto
account, as personality traits such as conscientiousness,
neuroticism, and extraversion are associated with exercise
activity and with specific barriers [54,55]. For example, alow
conscientiousness individual who is in the maintenance stage
may be more likely to have a scheduling barrier. For this
individual, features that address scheduling and incorporate
reminders that utilize personalized calendar information,
including holidays, appointments, and other commitments have
the potential to deliver an individually tailored intervention that
takestheir needsinto account. More research isneeded in order
to understand how best to incorporate theory into an
individualized model of feature delivery. Overall, however,
conceptualizing apps asinterventionsthat deliver customizable,
theory-driven, person-specific features for the purpose of
overcoming barriers provides ahelpful framework within which
to approach the potential effectiveness of appsin future studies.
More work needs to be done to ascertain how to best profile
userson aregular basisin order to provideamoreindividualized
feature delivery system and to maximize the match between
features and their mode of presentation for each individual. This
theory-driven individualized mode of feature presentation is
likely to further improve the effectiveness of exercise apps.
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Abstract

Background: Physical activity (PA) improves many facets of health. Despite this, the mgjority of American adults are
insufficiently active. Adults who visit a physician complaining of chest pain and related cardiovascular symptoms are often
referred for further testing. However, when this testing does not reveal an underlying disease or pathology, patients typically
receive no additional standard care services. A PA intervention delivered within the clinic setting may be an effective strategy
for improving the health of this population at atime when they may be motivated to take preventive action.

Objective:  Our aim was to determine the effectiveness of a tailored, computer-based, interactive personal action planning
session to initiate PA among a group of sedentary cardiac patients following exercise treadmill testing (ETT).

Methods: This study was part of a larger 2x2 randomized controlled trial to determine the impact of environmental and
social-cognitive intervention approaches on the initiation and maintenance of weekly PA for patients post ETT. Participants who
werereferredtoan ETT center but had anegative-test (ie, stresstests resultsindicated no apparent cardiac issues) were randomized
to one of four treatment arms: (1) increased environmental accessibility to PA resources viathe provision of afree voucher to a
fitness facility in close proximity to their home or workplace (ENV), (2) atailored social cognitive intervention (SC) using a“5
As’-based (ask, advise, assess, assist, and arrange) persona action planning tool, (3) combined intervention of both ENV and
SC approaches (COMBO), or (4) a matched contact nutrition control (CON). Each intervention was delivered using a
computer-based interactive session. A general linear model for repeated measures was conducted with change in PA behavior
from baseline to 1-month post interactive computer session as the primary outcome.

Results: Sedentary participants (n=452; 34.7% participation rate) without a gym membership (mean age 58.57 years;, 59%
female, 78% white, 12% black, 11% Hispanic) completed a baseline assessment and an interactive computer session. PA increased
across the study sample (F; 44,=30.03, P<.001). However, atime by condition interaction (F3 44,=8.33, P<.001) followed by post
hoc analyses indicated that SC participants exhibited a significant increase in weekly PA participation (mean 45.1, SD 10.2)
compared to CON (mean -2.5, SD 10.8, P=.004) and ENV (mean 8.3, SD 8.1, P<.05). Additionally, COMBO participants exhibited
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asignificant increasein weekly PA participation (mean 53.4, SD 8.9) compared to CON (P<.001) and ENV (P=.003) participants.
There were no significant differences between ENV and CON or between SC and COMBO.

Conclusions: A brief, computer-based, interactive personal action planning session may be an effectivetool to initiate PA within

ahealth care setting, in particular as part of the ETT system.

Trial Registration:
at http://lwww.webcitation.org/6aa8X 3mw1).

(J Med Internet Res 2015;17(8):€206) doi:10.2196/jmir.3759

Clinicaltrials.gov NCT00432133, http://clinicaltrials.gov/ct2/show/NCT00432133 (Archived by WebCite

KEYWORDS

exercise, physical; treadmill test; human computer interaction; behavioral research; cardiovascular diseases; interactive media

Introduction

Physical inactivity is a known contributing factor to many
negative health conditions including cardiovascular disease,
obesity, cancer, and diabetes [1,2]. Regular physical activity
(PA) leads to improved exercise capacity, improved heart rate,
and reduces the risk of cardiovascular disease and mortality
[3,4]. Despite this, less than one third of adults in the United
States engage in a sufficient amount of leisure time PA
according to the Healthy People 2020 guidelines [5]. Regular
PA isrecommended by the American College of Sport Medicine
and the American Heart Association (AHA) as tertiary
prevention for older adults who have been diagnosed with
coronary heart disease (CHD) and hypertension [4,6].

As a result, both individual-level and environmental-level
strategies have been used to promote PA behavior change[7-10].
Many of these strategies have used social cognitive theory asa
theoretical basis to help predict and improve individual-level
PA participation [7,11]. On the other hand, social ecological
theories of PA claim that individual-level factors alone are not
sufficient predictors of PA participation; instead, environmental
accessibility also playsanimportant role[9,10]. Whileitisclear
that different theoretical underpinnings help predict PA
participation, it is unclear whether individual or environmental
factors have a greater impact on short-term PA outcomes.

In addition to having a strong theoretical basis, the intervention
setting also plays an important part on PA behavior change. A
review of 73 studies commissioned by the US Preventive Task
Force (USPTF) concluded that behavioral counseling by
physicians and other health facility-based practitioners that
includes PA is associated with improving indicators of cardiac
health [12]. However, studies show that both patients and
physicians reported that less than 50% of patients ever receive
any PA counseling as part of their regular office visits [13-16].
This could be due to competing demands, lack of PA training
and or knowledge by physicians, or time constraints within a
busy health care practice. For these reasons, the feasibility of
incorporating a PA intervention into the health care delivery
systemischallenging. Furthermore, aCochrane review showed
that tailored rather than general PA information is more likely
to help patients engage in PA, but that tailored PA information
coupled with information on outside exercise resources was
more effective than brief physician counseling on PA alone

[17].

http://www.jmir.org/2015/8/e206/

Limited information is available on feasible approaches for
delivering tailored, clinic-based PA counseling that includes
resourcesfor PA outside of the health care system. In Australia,
Eakin et al have demonstrated that PA can be increased when
health care settings use tel ephone-counseling approaches [18].
In the United States, the Activity Counseling Tria [19] used a
combination of physician advice and onsite health educators
with the telephone support to successfully improve
cardiorespiratory fitness among women with no improvement
reported among men. However, these approaches have not been
translated to clinical settings in the United States and are till
resource intensive for delivery across a population of patients.

On the other hand, technology-based approaches have the
potential to enhance feasibility and dissemination of this type
of clinic-based PA intervention [20]. Technology-based
interventions allow for rapid dissemination of health messages
using one or more forms such as computer/I nternet, smart phone
apps, text messaging, and interactive voice response [21,22].
Technology-based interventions are a resource-efficient and
affordable delivery method that enablesindividual tailoring and
adaptation, frequent assessment, automated trestment delivery,
and the potential to reach large samples [21-24]. Interactive
computer sessions have been used to target nutrition and PA
knowledge, dietary patterns, PA participation, and exercise
self-efficacy in various settings [25-29].

Early evidencefor the effectiveness of tail ored technol ogy-based
PA programs was mixed [30-32], but more recent research
suggests that eHealth interventions have a significant positive
impact on PA participation and quality of life, and they improve
maintenance of health behavior change [22,29,33-35]. Many
eHealth studies have faced methodol ogical challengesincluding
accessibility of mobile devices such as smartphones, high
attrition, and self-reported measurement [ 22,30,31,34]. However,
Mounton and Cloes found that, compared to a Web-based
intervention, a center-based PA intervention was superior for
improving PA participation, but the Web-based intervention
was more beneficial for increasing health education [36].
Moreover, Compernolle et al found that a tailored, Web-based
PA intervention was most effective for participants who were
insufficiently active at baseline [33]. Together, this evidence
suggests that eHealth interventions have the potential to lead
to effective health behavior change using tailored messages
delivered through resource-efficient platforms. Although the
USPTF review found improvementsin somemeasures of cardiac
health following clinician-based PA counseling [12], there
continues to be a need for additional development and testing
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of feasible low-dosage PA interventions within health care
delivery systems.

Exercise treadmill testing (ETT) is often one of the first
diagnostic procedures performed on patients who present to
their physicians with chest pain [37]. For those patients with
positive test results, standard practice care follows, which
includes consultations with cardiac specialists, intensive risk
factor management, and careful clinical follow-up. For those
patients with negative test results, there are no additional
standard care services provided and often they are sent home
with advice to monitor their dietary intake and exercise more.
These patients may develop a perception of low risk of future
cardiac events; however, these cardiac patients remain a a
higher risk of mortality when compared to the general population
[38]. A PA intervention delivered within the clinical setting
may be an effective strategy for improving the health of this
population at a time when they may be motivated to take
preventive action.

The current study fills these gaps by testing the impact of a
clinic-based, tailored, interactive computer session on PA
participation using individual and environmental strategies.
Most of the previous studies examined were not devel oped and
integrated as part of the health care delivery system
[12,30-32,39], particularly the ETT system, which presents an
optimal opportunity for PA counseling for a high-risk
population. This study used an integrated research-practice
systems-based approach [40] and sought to incorporate the
USPTF recommendation following negative ETT by developing
and testing a low- to medium-intensity, theory-based, tailored
PA intervention, delivered within the health care system.

The purpose of this study was to determine the effectiveness of
atailored, computer-based interactive personal action planning
session to initiate PA among a group of sedentary patients. It
was hypothesized that compared to controls, patients who
completed the computer-based interactive personal action
planning session, or received a voucher for a local fitness
facility, or received both would significantly increase PA
participation.

Methods

Design

This paper presents physical activity initiation information as
part of a larger triad—CardiACTION, a 2x2 randomized
controlled trial to test the efficacy of three PA interventions
compared to amatched contact control group [41]. Participants
were randomly assigned to one of four treatment arms. (1)
increased environmental accessibility to PA resources (ENV),
(2) atailored, socia cognitive PA intervention operationalized
using the“5 As” (ask, advise, assess, assist, and arrange) (SC)
[18,31,34], (3) combined PA intervention of both ENV and SC
approaches (COMBO), or (4) amatched contact nutrition control
(CON). For the larger trial, we powered our study to detect
statistically significant changes in minutes of moderate to
vigorous intensity PA at 6 months between conditions. For a
more conservative estimate of the appropriate sample size, a
Bonferroni correction was used by dividing a phaby the number
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of comparisons necessary with the 2x2 design. Assuch, to detect
a90-minute difference between conditions with a power of 95%
and an alphaof .0083, atotal of 93 participants per group were
needed.

Participants

Adultsage 18 and over wererecruited to the CardiACTION trial
between April 2004 and April 2006 during an outpatient health
care visit in which they completed an ETT. All patients were
referred to a cardiac stress test by their primary care physician
for diagnosis following symptoms related to cardiovascular
disease (eg, heart palpitations, shortness of breath, chest pain)
in an integrated health care system in the United States. The
inclusion criteria for this study were (1) no chest pains and a
normal electrocardiogram during the treadmill stress test and
(2) currently physicaly inactive or insufficiently active (<150
moderate intensity PA/week). Patients were excluded from the
study if they (1) were younger than 18 years of age, (2) had no
access to a telephone, (3) were not able to read or understand
English, (4) had acontraindication to PA identified during stress
testing, and (5) already had a membership to arecreation center.

A total of 4097 patients completed ETT during the study
recruitment period and 1300 participants met eligibility criteria
(31.73%). The mgjority of patientswere excluded because they
reported sufficient PA (1507/4097, 36.78%), had apositive ETT
(631/4097, 15.40%), had agym membership (243/4097, 5.93%),
were not ableto read or understand English (138/4097, 3.37%),
or had a contraindication to PA identified during stress testing
(121/4097, 2.95%). Finadly, a total of 157 patients were not
approached for participation. Of those eligible who declined to
participate (n=848), the most common reasons cited for
declining included not being interested (n=314), being too busy
(n=201), or not wanting to participate in research (n=119). A
total of 452 patients (34.7% of eligible patients) completed a
written informed consent, baseline assessments, and were
enrolled in the study. Those eligible who enrolled in the study
were more likely to be female (59.9% vs 47.0%) and African
American (12.6% vs. 7.1%) when compared to those eligible
who declined participation. Therewere no differences based on
ethnicity, age, or PA between those who agreed and those who
declined participation. Those enrolled were then randomly
assigned to one of the four interventions. ENV, SC, COMBO,
or CON. Group assignment was stratified based on gender (40%
female) and abnorma heart rate recovery results (33%
abnormal) following arandomization table created by the study
statistician. Trained research assi stants opened a pre-determined
envel ope with group assignment upon completion of all baseline
measurements. To reduce potential bias, research assistants
were blinded to the contents of the envelope.

Procedures

All patients who met preliminary eligibility criteria were
informed of the CardiACTION study by an exercise physiologist
at the completion of the ETT. Those who showed interest inthe
study were referred to an onsite research assistant who explained
the study in detail and conducted ashort screening to determine
eligibility. Patients eligible to participatein the study completed
the informed consent process and a computer-based survey. A
subsequent study visit at the treadmill center wasthen scheduled

JMed Internet Res 2015 | vol. 17 | iss. 8 [e206 | p.57
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

for 10 days after initial recruitment to complete the
randomization process and initiate the study intervention. During
the 10-day follow-up visit, al participants were randomized to
one of the four interventions after completion of all baseline
assessments and subsequently compl eted an interactive computer
session specific to their intervention arm. All participants,
regardless of condition, were matched on contact frequency and
type. Specifically, following the computer interactive session,
all participants received 3 interactive voice response (IVR)
support calls and 3 tailored newsletters at 1, 3, and 5 months
post randomization (see [41] for details). ENV group
participants computer interactive session included an interactive
geographic information system (GIS) interface that allowed
participantsto select afree 12-month voucher to afitnessfacility
in close proximity to their home or workplace or the path in
between home and work. SC group participants session
included personal action planning to improve self- and
response-efficacy as well as personal goals for PA. COMBO
group participants' session included both the ENV and SC
components. CON group participants session targeted goals
and personal action planning strategies for healthy eating.

Theinteractive computer session, itscomponents, devel opment
and theoretical underpinnings, and all subsequent intervention
components have been described elsewhere [41]. Briefly, the
interactive computer session alowed the use of audio
information, visual graphics, text, video, and the use of familiar
models and locations. Videos for al four arms took
approximately 20 minutes to complete and were filmed in the
clinic's treadmill center and featured the clinic's Chief of
Cardiology. The SC, ENV, and COMBO interventions began
with an opening message about the importance of PA to
achieving good health, while the CON intervention focused on
the importance of healthy eating.

Following the opening message, participants in the SC and
COMBO group proceeded through an interactive action planning
session based on the 5 As [42]. The session included an
assessment of the patient’s PA level and motivesfor increasing
PA and provided advice on the recommended level of PA. The
interactive computer program then provided arange of minutes
of PA that would be an appropriate starting point for the patient
and used a collaborative goal setting process to agree on agoal
for the upcoming month. Finally, theinteractive onincluded
assisting the patientswith PA barrier identification and strategies
to overcome barriers, followed by arranging for follow-up with
an automated tel ephone counseling call 1 month later [42]. The
CON group followed the same process with afocus on healthy
eating (ie, personal action plan to increase fruit and vegetable
consumption and decrease fat intake). The ENV group
participants proceeded through a mapping tool (GIS) designed
to help them identify fitnessfacilities close to their homesand/or
work. Participantswere ableto ook at facilities by location and
amenities available. At the end of the session, participants in
the ENV group printed their free 12-month membership voucher
to their facility of choice. The COMBO group completed the
GISmapping tool after completing apersonal action plan using
the 5 As, as described above.

One month after the completion of the interactive computer
session, al participants received a follow-up interactive voice
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response (IVR) automated telephone call. The IVR system
pulled individual information (ie, PA and eating behavior, goals,
strategies, and barriers selected) directly from the CD-ROM
session and called participants at designated times on multiple
days over a week to increase the likelihood of participant
completion. All participants completed aPA assessment as part
of the IVR follow-up. The study design and protocol was
approved by the Kaiser Permanente Colorado Institutional
Review Board and is registered (NCT00432133).

M easures

Physical activity was defined as the total minutes of moderate
and vigorous PA performed each week, measured using PA
participation questions from the Centers for Disease Control
and Prevention Behavioral Risk Factor Surveillance Survey
[43]. This measurement tool has shown validity and reliability
in determining respondent PA levels[44,45]. Thistool requires
participants to respond to a series of questions regarding PA
intensity (light, moderate, and vigorous), frequency (number
of days per week), and duration (number of minutes per day)
in a typical week. The PA measure was integrated into the
computer interactive session aswell asthe IVR follow-up call.
These responses were used to calcul ate total weekly minutes of
moderate and vigorous PA and the percentage of study
participants meeting current recommendations for 150 minutes
or more of moderate and vigorous PA per week.

Statistical Analysis

Statistical analysis (IBM SPSS v21.0) included descriptive
statistics of sex, age, race, ethnicity, and baseline minutes of
moderate and vigorous physical activity. Chi-square and
independent t tests were conducted to determine if any of the
groups differed on baseline characteristics (Table 1). A general
linear model for repeated measures analysis was conducted
using a within-subjects factor of time (baseline and 1-month
follow-up), between-subjects factor of group (ENV, SC,
COMBO, and CON), and changeinweekly PA minutes between
baseline and 1-month as the primary dependent variable. Post
hoc analyses were conducted to investigate any significant
effects found with alpha set at .05.

Additionally, the percentage of all participants currently meeting
public health recommendationsfor aerobic exercise at 1-month
follow-up was calculated by group. A dichotomous variable
was developed to indicate whether participants were meeting
public health recommendations of 150 minutes moderate to
vigorous PA minutes per week. L ogistic regression modelswere
conducted to determine if study group had a significant impact
on attainment of PA public health recommendations.

Finally, we used intention-to-treat (ITT) analysisto include all
participants with non-missing baseline outcome measurements
(7 participants had missing baseline values). For those
participants with missing 1-month follow-up PA measurement
(37/452, 8.18%), we replaced the missing 1-month data with
their baseline value following the Last Observation Carried
Forward approach. We also conducted subgroup analysis
including only those participants who cashed their vouchersin
the COMBO (67/125, 53.6%) and ENV (63/115, 54.78%)
groups, and our results remained unchanged. As such, we
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present the results of our final ITT anaysis with 445
participants.

Results

Participant Characteristics

Figure 1 depicts the flow diagram of participants through the
different stages of the study. In total, 452 cardiac patients were
enrolled in the study and completed baseline assessments and
the interactive computer session. The average age of the
participants was 58.6 years (SD 9.6) and 59.9% were women.
Over three-quarters of the sample waswhite and 12% and 10%
of the sample were African American and Latino, respectively.
At 1-month follow-up, 91.8% (415/452) of participants
compl eted the automated phone callsand provided dataincluded

Table 1. Participant characteristics at baseline.?

Almeidaet al

in the analysis. Although the remaining 8.2% (37/452) of
participants did not complete the 1-month follow-up IVR call,
no participants had actively withdrawn from the study.
Partici pants who were randomi zed to the SC group (F; 3=5.254,
P<.001; SC=83%, ENV=96.5%, COMBO0=92.8%,
CON=94.3%) were significantly less likely to complete the
1-month IVR follow-up than their counterparts. No significant
differences in non-completion were found among the other
groups. Furthermore, there were no significant differences in
1-month IVR call completion by sex, education, race, ethnicity,
marital status, income, employment, age, and weekly PA
participation, both within and between groups. Basdline
characteristics for all study participants are shown on Table 1.
Baseline measurements did not differ significantly between the
four intervention groups.

Participant characteristics Environmental Socia cognitive Combination Control Overal
(n=115) (n=106) (n=125) (n=106) (n=452)
Age, mean (SD) 58.77 (9.49) 59.62 (9.48) 58.06 (10.12) 57.92(9.55)  58.57 (9.67)
Female, % 53.9 61.3 60 62.3 59.3
Black, % 13.2 9.5 12.9 11.3 11.8
Hispanic or Latino, % 9.6 114 121 12.3 114
High school or less, % 36 39 444 40.6 40.1
Married, % 69.3 60 69.4 67 66.6
USD $30,000 or less, % 10.5 14.3 8.9 15.1 12
Employed full-time, % 66.7 67.6 67.7 64.2 66.6
Moderate and vigorous minutes of PA, mean (SD) ~ 65.77 (65.3) 63.38 (78.2) 56.25 (66.72) 80.50 (89.1)  65.9 (75.1)
@No significant differences between groups.
Figure 1. Flow diagram of participants’ progress through study.
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Changesin Physical Activity: Weekly Minutes of
M oderate and Vigorous Physical Activity

Table 2 shows that participants from three study groups (SC,
ENV, and COMBO) increased their level of PA at 1 month
follow-up, while participants from the CON group reported a
small decrease. A repeated-measures analysis with all
participants found a main effect for time indicating that PA
increased across the study sample from baseline to follow-up
(F144=30.03, P<.001). A time by condition interaction

Table 2. Study outcomes by condition and time.

Almeidaet al

(F3,441=8.33, P<.001) followed by post hoc analyses indicated
that SC participants exhibited a significant increase in weekly
PA participation (mean 45.1, SD 10.2) compared to CON (mean
-2.5, SD 10.8, P=.004), and ENV (mean 8.3, SD 8.1, P<.05).
Additionally, COMBO participants exhibited a significant
increase in weekly PA participation (mean 53.4, SD 8.9)
compared to CON (mean -2.5, SD 10.8, P<.001), and ENV
(mean 8.3, SD 8.1, P=.003) participants. There were no
differences between ENV and CON or between SC and
COMBO.

Weekly minutes of moderate and vigor- Environmental Socia cognitive Combination Control Overal

ous PA (n=113) (n=105) (n=124) (n=103) (n=445)
Basdline, mean (SE) 65.76 (7.04) 63.38 (7.30) 56.25 (6.72) 80.49 (7.37) 66.47 (3.55)
1 month, mean (SE) 74.04 (8.37) 108.46 (8.69) 109.71 (7.99) 77.97 (8.77) 92.55 (4.23)
Difference +8.282 +45.08° +53.46° -2.523b¢ +26.07
Meet PA public health recommendations,

1 month, % 15.9 27.69 29.0 155 222

3Denotes no difference between ENV and CON groups.
bDenotes difference between SC and CON groups. P=.004.
“Denotes difference between COMBO and CON groups: P<.001.
dg gnificantly different from control group, X23:10.343, P=.016.

Changesin Physical Activity: Meeting Physical Activity
Public Health Recommendations

Table 2 depicts the percentage of participants in each study
group who achieved public health recommendations. Since no
participants met public health recommendations at baseline,
these percentages represent total increase from baseline to
1-month follow-up. At 1-month follow-up, 15.9%, 27.6%,
29.0%, and 15.5% of the participants for the ENV, SC,
COMBO, and CON groups, respectively, met the PA
recommendations for aerobic activities. Chi-square test results
indicate that SC and COMBO groups had significantly higher
prevalence of meeting recommendations than CON group,

X%=10.343, P=.016, while ENV participants did not
significantly differ from CON participants.

Binary logistical regression analysiswith al participants showed
that SC (P=.036) and COMBO (P=.017) participants were
significantly more likely to meet public heath PA
recommendations when compared to CON participants. ENV
participants showed no significant difference from CON
participants on meeting PA recommendations. Regression
coefficients are shown in Table 3. Odds ratio results suggest
that participants in the SC group (OR 2.075, 95% CI
1.047-4.110) and COMBO group (OR 2.224, 95% CI
1.151-4.301) were 108% and 122%, respectively, more likely
to achieve current public health recommendations for aerobic
exercise than their CON group counterparts. There were no
differences between ENV group participants and CON group.

Table 3. Likelihood of meeting PA recommendation results (control group set as reference category).

Study group B SE Wald Sig. OR 95% Cl for exp. B
Environmental (n=113) .030 0.374 0.006 0.937 1.030 0.495-2.145
Social cognitive (n=105) 730 0349 4.380 0.036 2.075 1.047-4.110
Combination (n=124) .800 0.336 5.650 0.017 2224 1.151-4.301

Discussion

Principal Findings

This study sought to determine whether a brief, tailored,
computer-based, interactive personal action planning session
operationalized using the 5 As could initiate increased PA
participation among a group of sedentary cardiac patients. We
hypothesized that participants who completed the
computer-based interactive personal action planning session

http://www.jmir.org/2015/8/e206/

would exhibit significant increasesin PA participation compared
to control participants. This hypothesiswas supported. Wefound
that participants assigned to the SC and COMBO study arms
experienced significant increases in PA at 1 month compared
to CON participants who decreased their PA participation. This
isaparticularly important finding given that the current evidence
on the effectiveness of tailored, technol ogy-based PA programs
ismixed at best [12,30-32]. In fact, Becker et al suggested that
it would be unreasonable to expect PA change from low-dosage
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interventions [46]. Our findings suggest the contrary, showing
that a brief, low-dosage, tailored, computer-based interactive
personal action planning session caninfact lead to PA behavior
initiation among previoudly sedentary adults.

An ancillary aim of this study was to determine whether
environmental or social-cognitive mechanisms to PA behavior
change may impact PA initiation differentially. We found that
participantswho were exposed to the social-cognitive approach
(SC and COMBO) exhibited significantly greater PA increases
at 1 month compared to participants in the control group. On
the other hand, participants who were exposed only to the
environmental condition (ENV) showed no differences from
the control condition. Together these findings suggest that a
socia cognitive approach to initiating PA may be a superior
approach than only providing environmental access to PA
through a complementary fitness facility membership.

Nevertheless, even though SC participants experienced the
greatest increase in PA during the study period, participantsin
this arm also had a higher rate of non-completion of IVR calls.
Thiswas an unexpected but interesting finding. One explanation
may be that non-completion was higher for SC participants due
to the demand of the SC intervention relative to the ENV
intervention. On the other hand, participants in the COMBO
arm had alower rate of non-completion even though they were
also exposed to the SC content. Because the only intervention
difference between the SC and COMBO armswasthat the | atter
was exposed to the ENV content, an alternative explanation
may be that the fitness facility access provided an incentive for
participants to remain in the study and therefore increased the
completion rate. These findings appear to suggest that while an
individual approach may have agreater impact on PA initiation,
environmental factors may also play a key role in the ongoing
engagement of participants. As such, the combination of the
environmental intervention with the personal action planning
approach appears to lead to both increased rates of PA
participation and better VR completion rates overall.

Strengths and Limitations

This study was not without limitations. First, PA was measured
using self-reported minutes of PA, leaving room for reporting
error and/or bias. However, we suspect that participants may
have provided more honest estimates of their PA participation
sincethey were simply typing these numbersinto thetelephone
keypad rather than reporting them directly to a research staff
member, potentially reducing response bias [47,48]. In
particular, self-administered questionnaires are thought to be
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completed in a more relaxed and honest manner without the
pressure of an external interviewer [47]. Our 1V R approach may
have provided participants with a more relaxed experience
without the presence of theinterviewer and with the convenience
of completing the questionnaire on their own time at alocation
of their choosing (participants were allowed to select dates and
times for IVR completion that were the most convenient for
them). Nevertheless, the effect sizes observed in the current
study must beinterpreted with caution given the inherent danger
of overestimation of physical activity behavior when using
self-report measures. Second, change in PA was reported over
arelatively short timeframe of 1 month. Although we observed
significant increasesin PA at 1 month, it isunclear whether this
increasein PA participation would be maintained over alonger
period of time. Future studies should examine the impact of an
interactive computer intervention on long-term PA participation.

One of the strengths of this study was the low resources-high
reach mode of intervention delivery. The interactive computer
approach allowed for a tailored intervention that required
minimal resources for delivery within a health care setting.
Furthermore, the IVR contact at 1 month was tailored based on
the participant’s responses to the baseline interactive computer
session and allowed for collection of additional data all while
using minimal resources. Results from this study support the
concept of aminimum intervention needed for change[49]. The
interactive computer intervention used in this study wasresource
efficient and resulted in significant behavior change over ashort
period. As such, because of the feasibility of our interactive
computer intervention delivered within the ETT system, this
approach has potential for rapid and broad adoption and offers
promise for integration within health care settings.

Conclusions

Ingeneral, our findingsindicate that asocial cognitive approach
to PA behavior change may lead to a greater increase in PA
than simply providing accessto afitnessfacility. However, this
approach alone seemed to lead to higher IVR non-completion
rates. While asingle exposure to an interactive computer session
was sufficient to lead to PA initiation, this approach together
with providing access to a fitness facility appeared to be the
best combination in order to initiate PA and increase IVR
completion rates. These findings provide initial evidence that
brief, low-dosage, tailored, interactive technology-based
interventionsto initiate PA can be feasibly delivered within the
health care setting, in particular as part of the ETT system, and
lead to increased PA among sedentary cardiac patients.
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Abstract

Background: With continued increases in smartphone ownership, researchers and clinicians are investigating the use of this
technology to enhance the management of chronic illnesses such as bipolar disorder (BD). Smartphones can be used to deliver
interventions and psychoeducation, supplement treatment, and enhance therapeutic reach in BD, as apps are cost-effective,
accessible, anonymous, and convenient. While the evidence-based development of BD appsisin its infancy, there has been an
explosion of publicly available apps. However, the opportunity for mHealth to assist in the self-management of BD isonly feasible
if apps are of appropriate quality.

Objective: Our aim wasto identify the types of apps currently available for BD in the Google Play and iOS stores and to assess
their features and the quality of their content.

Methods: A systematic review framework was applied to the search, screening, and assessment of apps. We searched the
Australian Google Play and iOS stores for English-language apps devel oped for people with BD. The comprehensiveness and
quality of information was assessed against core psychoeducation principles and current BD treatment guidelines. Management
tools were evaluated with reference to the best-practice resources for the specific area. General app features, and privacy and
security were also assessed.

Results: Of the 571 appsidentified, 82 were included in the review. Of these, 32 apps provided information and the remaining
50 were management tools including screening and assessment (n=10), symptom monitoring (n=35), community support (n=4),
and treatment (n=1). Not even a quarter of apps (18/82, 22%) addressed privacy and security by providing a privacy policy.
Overall, apps providing information covered a third (4/11, 36%) of the core psychoeducation principles and even fewer (2/13,
15%) best-practice guidelines. Only a third (10/32, 31%) cited their information source. Neither comprehensiveness of
psychoeducation information (r=-.11, P=.80) nor adherence to best-practice guidelines (r=-.02, P=.96) were significantly correlated
with average user ratings. Symptom monitoring apps generally failed to monitor critical information such as medication (20/35,
57%) and sleep (18/35, 51%), and the majority of self-assessment apps did not use validated screening measures (6/10, 60%).

Conclusions: In general, the content of currently available apps for BD is not in line with practice guidelines or established
self-management principles. Apps aso fail to provide important information to help users assess their quality, with most lacking
source citation and a privacy policy. Therefore, both consumers and clinicians should exercise caution with app selection. While
mHealth offers great opportunities for the development of quality evidence-based mabile interventions, new frameworks for
mobile mental health research are needed to ensure the timely availability of evidence-based appsto the public.

(J Med Internet Res 2015;17(8):€198) doi:10.2196/jmir.4581

http://www.jmir.org/2015/8/e198/ JMed Internet Res 2015 | vol. 17 | iss. 8 |e198 | p.65
(page number not for citation purposes)


mailto:j.nicholas@blackdog.org.au
http://dx.doi.org/10.2196/jmir.4581
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

KEYWORDS
mobile applications; bipolar disorder; review; telemedicine

Introduction

Symptom monitoring is a fundamental component of the
self-management of bipolar disorder (BD) that benefits from
being performed in real-time and under natural conditions [1].
With mobile phone penetration reaching 97% worldwide, and
smartphones accounting for the majority of phone salesin 2014
[2], researchers and clinicians are investigating the use of
smartphone technol ogy to enhance the management of chronic
illnesses such as BD. As smartphones are personal devices that
are carried on the user, mobile apps are a perfect platform for
self-management. Smartphones can also be used to deliver
interventions and psychoeducation, supplement treatment, and
enhance therapeutic reach in BD, as apps are cost-effective,
accessible, anonymous, and convenient.

A study by Proudfoot et a [3] found that consumers hold
positive attitudes towards evidence-based mental health apps,
with 76% of survey responders indicating that they would be
interested in using their smartphones for monitoring and
self-management of mental health. This acceptability has also
been shown in mobile programs for BD, with personal digital
assistant [4,5] and short message service based interventions
[1] proving effective and acceptable to consumers. Similar
programs are now being developed for smartphones. For
instance, Wenze et a [6] are developing an expanded
smartphone version of their successful PDA-based “Increasing
Adherence in Bipolar Disorder” intervention, which will
incorporate psychoeducation and Cognitive Behavioral Therapy
(CBT) sessions using smartphones alongside in-person treatment
to address medication adherence. A smartphone app based on
Interpersonal and Social Rhythms Therapy (IPSRT) augmented
with objective data from phone sensors is also in production.
Thisapp, called“MoodRhythm”, aimsto stabilize daily routines
and rhythms to prevent episode-onset [7]. Also investigating
the potential use of objective data alongside self-report, the
monitoring, treatment, and prediction of bipolar disorder
episodes (MONARCA) study app attemptsto validate objective
indicators of affect change by investigating correlations with
user-inputted and clinician mood ratings [8]. Additionally,
Grinerbl et al [9] are investigating extending this research to
enable the app to identify mood state changes based solely on
objective sensor data. However, to our knowledge, there are
currently no apps available for people with BD that have been
subject to research evaluation to determine effectiveness.

Previous reviews have found that apps currently available to
consumers for other health conditions are unlikely to be
supported by research data, nor be developed with reference to
evidence-based practice. For example, an investigation of the
content of smoking cessation apps found that apps had low
concordance with guidelines, with an average guideline
adherence score of 7.8 out of a possible total of 60 [10].
Examining other chronic conditions with a strong
self-management focus, a review of apps for asthma
self-management determined that only 5% of those providing
infformation were comprehensive, while 44% made

http://www.jmir.org/2015/8/e198/
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recommendationsthat were not in line with trestment guidelines
[11]. Similarly, areview of apps for human immunodeficiency
virus / sexually transmitted disease prevention and care found
that only 11% of assessed apps covered al literature-driven
prevention areas [12]. Moreover, Donker et al [13] performed
a systematic review of apps for mental health and noted the
striking disparity between the number of apps available and the
number of scientific articles assessing the evidence base of
mental health apps. Similarly, a simultaneous review of
health-related apps and research literature for a number of
conditions noted the contrast between the number of research
publications regarding the use of mobile technology to manage
the investigated illnesses and the profusion of available apps
[14].

An examination of the Google Play and Apple iOS app stores
indicatesthat thereisan abundance of publically available apps
for BD despite the limited published research. Therefore, there
is little information accessible to consumers about the quality
of available apps beyond the user “star” rating system and user
reviews. However, the popularity of an app is not necessarily
a reliable indicator of its quality, effectiveness, or evidence
base. The opportunity for mHealth to assist in the
self-management of BD is feasible only if apps are of
appropriate quality, and therefore, the aim of the current study
was to identify the types of self-management apps availablein
the Google Play and iOS app stores and to assess the
comprehensiveness and quality of their content for BD.

Methods

Search Criteria and Selection

A systematic review framework was applied to the search,
screening, and assessment of apps.

Search terms to identify apps developed specifically for BD
were derived through a preliminary search of the Google Play
store. Relevant synonyms and layperson alternatives to the
identified termswere determined and also included in the search.
Layperson aternatives were included because our aim was to
assess apps that were specifically designed for consumerswith
BD, agroup that may not use thetechnical terms of the disorder.
In thisway, the following search termswere identified: bipolar,
bi-polar, “manic depression”, “mood swings’, “mania’ AND
“mood”, cyclothymia, and cyclothymic. On July 16, 2014, these
terms were used to identify publically accessible apps for BD
inthe Australian Google Play and iOS app stores. Android apps
wereidentified by asearch of the Google Play store viathe Web
interface, while iOS apps were identified via the iTunes/iOS
search application programming interface.

Details of apps identified from the app stores were extracted
from the search results including app name, description, and
price. Duplicate apps that were retrieved by multiple search
terms on the same device platform were removed. Conversely,
apps with different versions (eg, free/paid) or which appeared
across different platforms were retained for comparison. Two
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reviewers (JN and ML) independently screened the app store
description of each app. Apps were included in the review if
thefollowing criteriawere met: (1) devel oped for BD, (2) aimed
at consumers and/or caregivers, (3) available for download
through official Android/iOS app stores, and (4) available in
English. Discrepancies were identified and discussed until
consensus was achieved.

App Assessment

Apps mesting theinclusion criteriawere downloaded onto either
aSamsung Galaxy S4 mini (Android version 4.2.2) or aniPhone
5s (iOS version 7.1) for complete assessment. Two reviewers
(JN and ML) performed the assessment of apps using astandard
data extraction form.

Descriptive characteristics rel ated to the following featureswere
extracted: (1) app accessibility, including platform, price, need
for network connectivity, number of downloads, and average
user-scored star rating for the app’s entire history, (2) primary
function, such as app store classification, app function (see
below), and target audience, (3) app source, including provider

Table 1. Core components of psychoeducation for BD.?

Nicholas et al

type and details, crisis information, disclaimer presence, and
app update schedule, and (4) privacy and security, presence of
an accessible privacy policy, and the ability to password-protect
data

The function of each app was determined through use of the
app and classified as providing either information or
self-management tools. Additional assessment was performed
based on the identified function. Apps containing information
about BD were assessed according to the comprehensiveness
of its psychoeducation information and the quality of the
information, asreflected by its concordance with evidence-based
guidelines. The comprehensiveness of BD psychoeducational
information was assessed according to 11 fundamental topics
of face-to-face psychoeducation interventions [15]. Core
statements were derived from the main topics and goals of
psychoeducation with reference to Colom and Vieta's
Psychoeducational Manual for Bipolar Disorder [15] (Table 1).
A clinical psychologist with experience with BD then reviewed
the statements for accuracy and completeness.

Topic Criteria

1. Facts about the nature of BD.
model).

Statesthat BD ishiological in nature but interacts with environmental factors (diathesis-stress

States that BD is chronic and recurrent in nature and has a cyclic course.

2. Information on common symptoms of each phase
of the disorder.

States common symptoms of both (hypo)mania and depression.

States that risk of suicide is associated with BD.

3. Treatment options for each ilIness phase.

Outlines available pharmacotherapy for each iliness phase: depression, mania, and prophylaxis.

Mentions psychotherapy as atreatment option for BD.

4. Treatment adherence, withdrawal, and side effects.

States the importance of treatment adherence and states that risk of episode relapseis associ-

ated with abandonment of treatment.

5. Substance usein BD.

6. Identification of episode warning signs (EWS).

States that psychoactive substances may trigger episodes.

States common EWS of (hypo)mania and depression.

States that EWS vary between people and indicates the importance of identifying personal
episode warning signs.

7. Support networks and the role of support people or
caregivers.

Describes a support person as someone who is close to the patient, aware of their BD, and
knowledgeabl e about the disorder.

States that a support network can assist in early detection of episodes.

8. Therole of an action plan.

States the importance of having an action plan that provides aguideto stay well when episode
EWS are detected.

States common strategies that help prevent episodes once EWS are detected.

9. The importance of routine.

States that regular habits, including sleep, are of importancein BD.

States that regular schedules and better structuring of activities are key in BD management.

10. Information on stress management and problem
solving.

States that stress plays an important role in episode relapse.

States there are tools that help manage stress and anxiety.

11. Episode risk-factors/triggers.

States common external factors that contribute to episode relapse.

#Topics based on Colom and Vieta's psychoeducation for BD manual [15].

The quality of BD information was assessed as the degree of
concordance with the most recent trestment guidelines[16-19]
and prominent meta-analyses and reviews of evidence-based

http://www.jmir.org/2015/8/e198/

treatment for the acute phases of the disorder [20,21]. Thirteen

statements were derived from treatment guidelines and

meta-analyses for use as quality indicators in the app review
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(Table 2; [16-24]). A psychiatrist previously involved in the
development of the Australian and New Zealand Clinical
Practice Guidelines for the Treatment of Bipolar Disorder [22]
then assessed and adjusted the statements for accuracy and
comprehensiveness. Comprehensiveness and quality of
information were calculated as a score out of 11 and 13
respectively, indicating how many of the core psychoeducation
and guideline-derived statements were covered by the app’s
information.

Apps providing common tools for the management of BD were
assessed against best-practice resources for their purpose.
Screening and assessment apps were assessed according to
whether the app used a validated BD screening questionnaire

http://www.jmir.org/2015/8/e198/
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or how closely it reflected current diagnostic criteria [25,26].
Symptom monitoring apps were evaluated according to their
similarity to well-known paper-and-pencil monitoring tools
[27,28]. Treatment appsfor BD were assessed against statements
derived from the core goals of three commonly used therapies
for the disorder: CBT [29], IPSRT [30], and Family-Focused
Therapy (FFT) [31]. As with statements used to assess the
comprehensiveness and quality of information, treatment
statements were reviewed by a clinical psychologist with
experiencewith BD. Community support apps, which provided
accessto BD-orientated discussion boards, were assessed based
on their methods of communication, and the level of moderation
or oversight.
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Table 2. App quality assessment statements derived from BD treatment guidelines and meta-analyses.

Statement

Associated guideline

1. Initiation of an atypical antipsychotic and/or mood
stabilizer for the treatment of acute mania.

2. Useof an atypical antipsychotic or mood stabilizer,
with or without an antidepressant, for the treatment
of bipolar depression.

3. Antidepressant subtypes tricyclic antidepressants
and serotonin-norepinephrine reuptake inhibitors
(SNRIs) are more likely to cause switching than
serotonin-specific reuptake inhibitors (SSRIs).

4. Lithium, an atypical antipsychotic, or lamotrigine
(where depression predominates) for maintenance
treatment of BD.

5. Change monotherapy or use combination therapy
for treatment resistance.

6. The use of electroconvulsive therapy (ECT) for
treatment resistant acute symptoms (particularly de-
pression, but also mania).

7. Careful monitoring of blood levelsisrequired
where those correlate with treatment response (eg,
lithium, valproate).

8. Careful monitoring of potential physical complica-
tions or side effects of treatmentsis required (eg,
kidney, thyroid, and cal cium with lithium; glucose
and lipids with antipsychotics).

9. Women informed about ensuring that their medi-
cations are safe to take during breastfeeding and

pregnancy.

10. Seek medical professional advice and/or asecond
opinion in diagnosis of BD in children, due to the
controversy in this area.

“Efficacy of lithium and divalproex iswell established...substantial RCT data support atypical
antipsychotic monotherapy with olanzapine, risperidone ER, quetiapine, ziprasidone, and
aripiprazole for the first-line treatment of acute mania’ Yatham et al, 2013, pp 4, 6 [19]

“Overall, risperidone, olanzapine, and hal operidol seem to be the most effective evidence-based
options for the treatment of manic episodes’ Cipriani et a, 2011, pp 1314 [20]

“Lithium, lamotrigine, quetiapine...monotherapies, aswell aslithium or divalproex plus selective
serotonin reuptake inhibitor, olanzapine plus SSRI...recommended as first-line choices for
bipolar depression” Yatham et al, 2013, pp 9 [19]

“Adjunctive antidepressants may be used for an acute bipolar | or Il depressive episode when
thereis ahistory of previous positive response to antidepressants’ Pacchiarotti et al, 2013, pp
1253 [21]

“The risk of mood switching is considered to be...somewhat greater with tri-and tetracyclics
(and perhaps some SNRIs) than with most modern antidepressants’ Pacchiarotti et al, 2013,
pp 1256 [21]

“monotherapy with some antidepressants, especialy tricyclics, without an accompanying mood
stabilizer, however, may be associated with an increased rate of treatment emergent affective
switches (TEAS)” Grunze et a, 2010, pp 92 [17]

“Lithium, divalproex, olanzapine, and quetiapine, aswell aslamotrigine (primarily for preventing
depression)...continue to be first-line monotherapy options for maintenance treatment of BD”
Yatham et al, 2013, pp 14 [19]

“Lithium, olanzapine or valproate should be considered for long-term treatment of bipolar dis-
order” NCCMH, 2006, pp 5[23]

“No response after 2 weeks, switch to another first choice medication, in severe mania, consider
combination” Grunze et al, 2009, pp 104 [16]

“If the patient has frequent relapses, or symptoms continue to cause functiona impairment,
switching to an aternative monotherapy or adding a second prophylactic agent should be con-
sidered.” NCCMH, 2006, pp 5 [23]

“Especialy in very severe and psychotic depression, or in depression with severe psychomotor
retardation, ECT hasamajor role” Grunze et al, 2010, pp 100 [17]

“ECT isrecommended for bipolar depression after an antidepressant trial hasfailed” RANZCP,
2004, pp 288 [22]

“ECT isdtill avaluable last resource in severe delirious maniawhich is otherwise treatment
refractory” Grunze et al, 2009, pp 102 [16]

“Plasma concentrations need to be checked on a frequent and regular basis until equilibrium
in the therapeutic range as been achieved and thereafter. It is recommended to check every 3-
6 months” Grunze et al, 2013, pp 186 [18]

“lithiumisuptitrated in small steps guided by individual experience and plasmalevel monitor-
ing” Grunze et a, 2013, pp 186 [18]

“Renal and thyroid function should also be checked regularly, every 6-12 months depending
onrisks’ Grunze et al, 2013, pp 186 [18]

“Compl ete medication and laboratory investigations should be performed at baseline, with on-
going monitoring for weight changes and adverse effects of medication” Yatham et al, 2013,
pp 29[19]

“Important that women with bipolar disorder receive education early in the course of illness
about the effects of mood stabilizing and other medications on contraceptive effectiveness, as
well as the need to plan medication management during pregnancy and the postpartum period”
Yatham et al, 2005, pp 33 [24]

“The presentation and diagnosis of BD in children and adolescents remains controversial ...di-
agnostic criteriafor BD may not be systematically applied in some clinical settings.” Yatham
etal, 2013, pp 19[19]
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Statement Associated guideline

11. Outlines difficultiesin the treatment of rapid cy- “Rapid cycling...isassociated with greater severity of illnesson anumber of clinical measures”
cling BD. Yatham et al, 2005, pp 30 [24]

“The prophylactic use of lithium in rapid cycling patients has been discouraged for along time
based on the observation of insufficient acute and prophylactic efficacy in these patients’
Grunzeet a, 2013, pp 184 [18]

12. Optimal treatment for most patientswith BD will  “When used as adjuncts to pharmacotherapy, psychosocial interventions...have demonstrated

include psychological treatment aswell asmedica-  significant benefits, both in the treatment of acute depressive episodes and also as long-term

tion. mai ntenance treatment..... providing psychological treatments—and, in particular, brief psychoe-
ducation, which has been demonstrated to be as effective as CBT at much lower cost—is an
essential aspect of managing patients with BD” Yatham et al, 2013, pp 4 [19]

“The primary long-term treatments are pharmacol ogical, but psychological and psychosocial
interventions have an important part to play” NCCMH, 2006, pp 33 [23]

13. Indicates that most patients benefit considerably  “Theadvent of these therapies, both drug and psychol ogical, meansthat the majority of patients
from treatment for their BD. with this recurrent and disabling condition may be effectively treated” RANZCP, 2004, pp 299
[22]

Data Analysis Results

Descriptive statistics were used to summarize the results of the
app assessment. Pearson product-moment correlation was
performed to examine rel ationshi ps between comprehensiveness
and quality of information, and the average user rating of an
app. Mann-Whitney U tests were performed to examine
differences in comprehensiveness and quality of information
by app price. Statistical significance was set at P<.05.

Google Play and iOS app store searchesidentified 571 potential
apps, of which 133 were removed as duplicates (identified on
the same platform through more than one search term). Of the
remaining 438 apps, 82 met inclusion criteria (see Multimedia
Appendix 1 for a list of included apps). Details about the
inclusion and exclusion of apps are provided in Figure 1.

Figure 1. Flow diagram illustrating the exclusion of apps at various stages of the study.

Records identified through app store .
searching Duphcat?s
(n=571) L 5 Same app ID identified though
Google Play store (n=351) more than one search term
i0S store (n=220) (n=133)
Records after duplicates removed
(n=438)
Google Play store (n=327)
i0S store (n=111)
Screening: App description assessed for Apps excluded, with reasons
eligibility (n=356)
(n=438) App not in English (n=67)
Audience healthcare professionals
l (n=10)
Audience or aim not related to BD
(n=68)
Apps included in review Unrelated to BD (n=201)
(n=82) App not functioning (n=10)
http://www.jmir.org/2015/8/e198/ JMed Internet Res 2015 | vol. 17 | iss. 8 |e198 | p.70

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Description

Accessibility

Of the 82 included apps, 59 were available on the Android
platform, 23 were available oniOS devices, and ten had versions
for both platforms. Examining costs, 49 appswere free, and the
median cost of paid apps was AU$1.70, with aminimum price
of AU$.99 and a maximum of AU$16.99 (mean AU$3.05).
Over half (n=48) did not require an active Internet connection
after installation, 20 would not function in the absence of an
Internet connection, and 14 needed connectivity for some
features. Only the Google Play store reported the number of
downloads of each app to date, indicated by arange. Themedian
number of downloads was between 1000 and 5000 (information
availablefor 53 of the apps). Fourteen of these 53 apps had been
installed less than 100 times. The app store descriptions of 28
apps indicated that an insufficient number of users had rated
the app over its lifetime to provide an average user rating. The
mean average user rating of the remaining 54 appswas 3.5 out
of apossible5.

Primary Function

On the app stores, apps for BD were classified as health and
fitness (n=48), medical (n=15), lifestyle (n=6), books (n=3),
socia (n=2), and entertainment (n=1), with genre information
unavailable for seven apps. Thirty-one apps provided written
information about the disorder, and one used animation to raise
awareness. The remaining 50 apps provided tools for the
management of BD and included ten screening and assessment
tests, 35 symptom monitoring apps, four community support
discussion boards, and one treatment app. No apps performed
multiple functions.

For 78 apps, the function of the app was clearly stated in the
app store description. Apps with unclear descriptions either
introduced the disorder without explaining the role of the app,
were unclear between two distinct functions, or provided
information for an unrelated app. Forty-nine apps were
developed for use by patients, with four apps specificaly
designed for caregivers, 14 for the general public, and 15 for
both patients and caregivers. According to the app store
descriptions, no apps were developed for aspecific BD clinical
subgroup.

App Source

Asfar aswe can discern, none of the 82 apps assessed had been
subject to research eval uation. No apps cited published material
about the feasibility or effectiveness of the app, either within
the app or the app store description. Furthermore, there was a
lack of Google Scholar results upon a search of app names.

The mgjority of apps were developed by commercial providers
(n=48) or private individuals (n=20), followed by institutions
(n=3), other types of providers (n=6) including, clinical groups

http://www.jmir.org/2015/8/e198/
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and not-for-profit organizations, and unspecified (n=5). The
app provider's name wasincluded in 46 apps, of which 30 also
included contact details; eight apps included only provider
contact details. A disclaimer outlining that the app was not a
replacement for consultation with a medical professional was
provided in 23 of the 82 apps, including seven screening and
assessment apps, and eight information apps. A statement
providing information and contact details of crisis resources
was provided in only nine appsfor BD. A quarter of apps (n=19)
had been updated within thelast 6 months, with half of the apps
updated within the last 17 months.

Privacy and Confidentiality

Privacy policies were available, either in the app or as a link
from the app store description, for 18 of the 82 apps. Of the 50
apps able to record persona data (screening and assessment,
symptom monitoring, community support, and treatment apps),
12 had a privacy policy. An account or password was needed
to access these data for 19 of these apps.

Information

Overview

Apps containing information were more readily available on
the Android (n=29) compared to theiOS (n=3) platform. Of the
32 apps that provided health information, seven presented
general health news stories about a variety of conditions,
including BD, and a further six provided no disorder-specific
information to assess. The remaining 19 information appswere
assessed for comprehensiveness and quality.

Of these 19 apps, all contained in-app information content, and
four linked directly to additional external information. In all
cases, externa materia was referenced; however, just four
credited the source of their in-app information. Although only
three of the apps were classified on the app stores as books, the
assessment revealed 12 information apps were repurposed
ebooks. Although unattributed, many shared the same ebook
content, with nine apps having the same information content as
another app, but with differences in user interface layout,
connectivity reliance, or wording.

Comprehensiveness of Bipolar Disorder
Psychoeducational | nformation

The comprehensiveness of the psychoeducation information
presented in the appsis reported below (Table 3). Overall, apps
covered an average of four of the 11 psychoeducation statements
(SD 3.0). Two statements, concerning the importance of
treatment adherence and the development of action plans as a
guide to stay well, were not addressed by any app. Five of the
apps contained no BD specific psychoeducation information in
line with best practice, while the most comprehensive apps
covered seven statements (seven apps). These seven apps were
reproductions of the same content, although uncited.
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Table 3. Comprehensiveness of psychoeducation topics covered by BD information apps.

Topic

Apps covering topic, n (%)

1. Facts about the nature of BD.

2. Information on common symptoms of each phase of the disorder.
3. Treatment options for each ilIness phase.

4. Treatment adherence, withdrawal, and side effects.

5. Substance usein BD.

6. Identification of episode early warning signs.

7. Support networks and the role of support people or caregivers.

8. Therole of an action plan.

9. The importance of routine.

10. Information on stress management and problem solving.

11. Episode risk-factors/triggers.

11 (58)
14 (74)
5 (26)
0(0)

8 (42)
7(37)
8 (42)
0(0)

8 (42)
8(42)
3(16)

Quality of BD information: Concordance With
Evidence-Based Practice

Of the 13 evidence-based statements extracted from treatment
guidelines for BD, an average of two statements were covered
by apps (SD 2.3; Table 4). Only three apps provided information
aligned with more than three guidelines, covering four, seven,

and eight statements, and six apps addressed no statements. The
app that covered seven statements comprised 50 chapters, with
no logical structure and repeated unreferenced information. In
contrast, the app that addressed eight statements contained
information structured into six concise sections and referenced
NHS Choices[32].

Table 4. Quality of BD app information: concordance to BD treatment guidelines.

Statement Apps covering topic,
n (%)

1. Initiation of an atypical antipsychotic and/or mood stabilizer for the treatment of acute mania. 3(16)

2. Th_e use of an atypical antipsychotic or mood stabilizer, with or without an antidepressant, for the treatment of bipolar de- 2 (11)

pression.

3. Antidepressant subtypes tricyclic antidepressants and SNRIs are more likely to cause switching than SSRIs. 0(0)

4. Lithium, an atypical antipsychotic, or lamotrigine (where depression predominates) for maintenance treatment of BD. 4(21)

5. Change monotherapy or use combination therapy for treatment resistance. 1(5)

6. The use of ECT for treatment resistant acute symptoms (particularly depression, but also mania). 9 (47)

7. Careful monitoring of blood levelsis required where those correlate with treatment response (eg, lithium, valproate). 2(1

8. Careful monitoring of potential physical complications or side effects of treatmentsis required (eg, kidney, thyroid, and 1 (5)

calcium with lithium; glucose and lipids with antipsychotics).

9. Women informed about ensuring that their medications are safe to take during breastfeeding and pregnancy. 1(5)

10. Seek medical professional advice and/or a second opinion in diagnosis of BD in children, due to the controversy inthis 1 (5)

area.

11. Outlines difficulties in the treatment of rapid cycling BD. 1(5)

12. Optimal treatment for most patients with BD will include psychological treatment as well as medication. 10 (53)

13. Most patients benefit considerably from treatment for their BD. 10 (53)

Across the apps that provided information about BD, four
contained incorrect information, three of which incorrectly
differentiated the different types of BD. Two contained critically
wrong information; the first suggested, “take a shot of hard
liquor a[sic] hour before bed” (app ID 404) to assist with sleep
during amanic episode. The second incorrectly informed users
about the types of BD and indicated that BD was contagious
“sometimes [BD] can transfer to another relative if they spend

http://www.jmir.org/2015/8/e198/

too much timewith you and listen to your depressive life” (app
ID 28).

User Ratings

Neither comprehensiveness of psychoeducation information
(r=-.11, P=.80) nor information quality (r=-.02, P=.96) were
significantly correlated with average user ratings. A
Mann-Whitney U test also revealed no significant differencein
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comprehensiveness (U=30.5, Z=-1.2, P=.22) or quality (U=42.5,
=-.21, P=.83) between free and paid apps.

Tools

Screening and Assessment

Ten apps offered self-assessments to screen for BD, of which
three were for children. Only three cited the source of the test,
two of which used a validated screening measure (the M3
checklist) [33]. Two additional apps used the Mood Disorder
Questionnaire [34] without attribution. Intotal, only four of the
10 screening apps used validated measures, and six of the tests
screened for only manic symptoms.

Of the appsthat asked about symptoms of depression, three had
a duty-of-care message at the end of the test, referring the user
to clinical support if questions about suicidal ideation were
answered positively. Upon informing the user they had screened
positively for BD, eight apps recommended visiting a health

Table 5. Symptoms monitored by symptom monitoring apps for BD.

Nicholas et al

care professional, and two had the option for usersto share the
result on social media

Symptom Monitoring

Intotal, 35 apps were symptom monitoring tools, which aim to
assist userswith tracking the symptoms of their BD. The number
of apps monitoring mood, medication, sleep, and other
symptomsis shown in Table 5. A mood scale designed for BD
was defined as a continuous scale with “ depressed” and “ manic”
at the extremes. Other scales used to monitor mood included
using different emoticons to represent emotions (n=10), rating
mood on ageneric scale (n=8), or had users select from or rate
a list of moods (n=4). Thirty apps monitored factors not
commonly included on established mood charts, with energy
levels and anxiety the most common additions. These tracking
options were customizable in nine apps, allowing users to
monitor factors specifically relevant to their mood states.
General customization of other features such as esthetics,
profiles, and data reports was possible in 21 apps.

Factors monitored n (%)
Mood 34(97)
Mood on scale designed for BD 12 (34)
Medication 15 (43)
Sleep 17 (49)
Functioning 3(9)
Section for free-notes 32(91)
Mixed episodes or mood switches 2 (6)
Menstruation 5(14)
Other 30 (86)

Alertsreminding usersto track their mood were availablein 22
of the 35 monitoring apps. Of these, 13 allowed users to
designate a reminder time, six asked users to designate how
many times per day to be reminded, and three had options for
both. Over a sampling period of 3 days, seven apps failed to
notify the user as directed.

None of the 35 monitoring apps had a duty-of-care aert, that
is, a message suggesting users contact a health care provider.
This was tested by logging 3 consecutive days of severely
depressed mood and indicating suicidal ideation in free-text
notes. Inputted monitoring data was presented graphically by
30 apps, could be exported from 20, and shared viasocial media
by seven. Back-up of personal monitoring data was available
in only six apps. No app used the sensor capabilities of the
smartphone to enhance monitoring data beyond what is possible
with paper-and-pencil resources, or as an attempt to validate
subjective mood reporting with objective data.

Treatment

There was only one treatment app, which delivered a CBT
intervention, although it had not been specifically developed
for BD. An anadlysis of treatment content against common
treatment features of CBT, IPSRT, and FFT confirmed that the
app was based on CBT principles, with three of the six CBT

http://www.jmir.org/2015/8/e198/

items endorsed, and none related to other therapies. However,
the source or evidence base of the CBT presented in the app
was not referenced.

Community Support

Four community apps gave users access to BD-orientated
discussion boards, where members sought information and
support. App communities were for consumers and
family/caregivers and allowed communication viaforum posts
and private messages. Site ownersfor each app monitored forum
post communication.

Discussion

Principle Findingsand Comparison With Prior Work

This assessment of apps for BD indicates that most currently
available apps do not reference clinical practice guidelines,
standard psychoeducation information, or established
self-management tools. Apps were available for a variety of
uses including disorder information (38%), and management
tools such as screening and assessment (12%), symptom
monitoring (43%), and community support (5%). Interestingly,
no apps combined these functions to provide both information
and self-management tools. Furthermore, while all the assessed
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apps mentioned BD in their app store description, the content
evaluation indicated few had been designed specifically for the
disorder. For example, only a third of mood monitoring apps
provided a BD specific mood scale, with the remaining apps
using scalesinadequate for the population. Furthermore, merely
half of the apps claiming to provide information about BD
actually provided disorder-specific information to be assessed
for comprehensiveness and quality.

Disappointingly, appsthat did provide BD specific information
had low levels of adherence to quality assessment criteria,
neither comprehensively addressing main psychoeducation
domains, nor endorsing evidence-based practice guidelines. The
app that correctly addressed the most treatment guideline criteria
was Your MD’s Symptom Checker (app ID 39), which
referenced NHS Choices [32], and presented information
concisely and coherently (only BD information was assessed).
Overall, comprehensiveness and quality scores were low and
not correlated with average user ratings, confirming that an
app’s popularity is not an accurate gauge of its content.
However, with only a third of information apps citing their
information source, usersare denied other important information
by which to makeinformed judgments about an app’srobustness
and credibility.

Apps that offered tools to assist with the management of BD
werea soinconsistent in quality. Few screening and assessment
apps citied the source of the test; additionally, a Google search
of each app’s assessment questions revealed that less than half
used validated screening measures. Only onetreatment app was
included in the review, and while it covered half of the CBT
treatment domains, it was not specifically designed for the needs
of peoplewith BD. Symptom monitoring wasthe most prevalent
self-management tool offered by apps. However, only a third
allowed usersto track all three symptoms standard in traditional
monitoring tools: mood, sleep, and medication. The high
proportion of monitoring appsthat did not feature anotification
or aert function to remind users to input daily mood data was
unexpected. As the ability to remind users to complete
monitoring in situ is amajor advantage of thistechnology, it is
surprising that more than a third of monitoring apps did not
utilize this function, and a further seven did not ensure the
feature functioned asintended. It was a so an unexpected finding
that no symptom monitoring apps used the smartphone’s sensors
to supplement the user-inputted monitoring data. Torous et a
[35] found that all published articles regarding apps for bipolar
disorder focused on the use of passive sensor-enabled data
collection with supplemental or no user input. This is another
example of the disconnect between emerging research in this
area, and apps currently available for the disorder.

These results are consistent with findings of reviews assessing
apps of other heath domains. Unfortunately, many of these
reviews examine quality using the information provided in the
app store description rather than ng app content against
evidence-based clinical guidelines[36]. However, those that do
assess content have found similarly low endorsement of quality
criteria. Huckvale et a [11] assessed asthmainformation against
evidence-based asthma treatment guidelines and reported that
the most endorsed guideline was cited by only 32% of apps. A
similarly low concordance with guidelineswasfoundin areview
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of smoking cessation apps [10]. While a recent review of
depression apps did not assess content, it highlighted another
difficulty faced by users of health apps. Shen et al [37] reported
that a search for depression on the five major app storesyielded
three times more non-related apps than depression apps [37].
In the current study, 78% of apps were excluded due to not
being related to BD or not having a BD specific aim. This
suggests an app’s quality is not the only challenge consumers
face in identifying appropriate apps, as irrelevant aternatives
dominate search results. Together, these findings suggest that
the results of the current study reflect a wider problem of app
availability and quality across health conditions.

Rarely considered, the lack of privacy policies made available
to app users was another area in which apps developed for BD
fell short of optimal standards. A recent review by Dehling et
al of information security and privacy of mobile health apps
characterized apps that had accessto mental health information
as high sensitivity [38]. The review identified health monitors,
state of health tests, trestment reminders, and health records,
which included disease management tools, asthe highest privacy
and security risks[38]. However, only aquarter of the assessed
BD self-management tools, which would fall into the above
categories, provided a statement indicating how data would be
protected, stored, and shared. Sunyaev et a [39] reported a
similar absence of mHealth privacy policy availability. Their
assessment of health apps found that only 30.5% provided
privacy policies, two-thirds of which did not address the app
specifically [39]. This represents a problematic lack of
transparent reporting of how apps handle personal and mental
health-related data. As the use of apps in health care becomes
more common, the topic of information privacy will continue
to grow in relevance, as privacy and security consistently feature
as major considerations of users[3,38]. Therefore, the time to
ensure structures are in place to address privacy and security is
now.

While apps asked users to input personal health data, very few
responded to indications that users were unwell. In fact, only
three apps responded to users indicating severe extremes of
mood or suicidal ideation. A lack of response to severity of
recorded symptoms was also noted by Huckvale et a [11] in
asthma management tools. Although both psychoeducation and
clinical guidelines emphasize the importance of the ability to
identify and respond to indications of mood change, few apps
assisted users by informing them of such changes. This
identification and response to indicators of change in mood
formsthe basis of action plans or stay well plans. Action plans
are a common feature of psychoeducation [15] and combine
information about early warning signs and factors that may
ameliorate them into aplan that aimsto prevent episode relapse.
Action plans are al so acommon self-management tool used by
people with BD to stay well [40,41]. A cohort of individuals
that had not experienced an episode of BD for morethan 2 years
were interviewed about their strategies for staying well [41].
All participants discussed the importance of a tailored and
revised stay well plan, which identified triggers and early
warning signs and designated strategies to intervene. However,
no information apps mentioned action plans, and no
self-management tools assisted users in the development of an
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action plan. Together with the lack of response to user input,
this represents a missed opportunity for the facilitation of
important self-management practices by mobile technol ogy.

Limitations

The current study is not without its limitations. A possible
limitation isthat the apps assessed were those avail able through
the Australian Google Play and iOS app stores, and app
avalability may differ globally. This may affect the
generalizability of results to apps available in other locations.
However, a search of the Australian, British, and American
iTunes app stores using the primary search term “bipolar”
indicated that results were remarkably comparable. In total,
97% of appswere availablein all threeregions, with only three
apps exclusively available in the American store. Therefore, at
least in English-speaking countries, apps appear to be universaly
available, and this review provides a representative overview
of the apps available internationally. A second possible
limitation isthat while this study is novel in that it provides, to
our knowledge, the first assessment of apps for BD in respect
to clinica guidelines, psychoeducation principles, and
self-management tools, it does so for a snapshot of apps
available when the search was performed in July 2014. Assuch,
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with changing nature of the Google Play and iOS app stores,
the marketplace of apps for BD will differ by time of
publication.

Conclusions

With the exponential increase in the use of smartphones, there
has been an increased interest in the use of appsfor information
dissemination and disease management. However, this study’s
findings highlight important shortcomings in current app
marketplace offerings for BD, suggesting that apps are
devel oped independently of research data, and without reference
to best practice clinical guidelines. These results indicate that
clinicianslooking to recommend apps to supplement treatment
should exercise caution with app selection and that policy
makers and the research community need to consider ways of
assuring app quality. There is an opportunity for mental health
research to devel op quality evidence-based mobileinterventions
that assist with the management of BD. However, with the
domains of research and technology currently moving at
different paces, new frameworks for mobile mental health
research are needed to prevent alag in availability and to ensure
that evidence-based apps are available to consumers.
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Abstract

Background: Mobile heath (mHealth) services are growing in importance in health care research with the advancement of
wireless networks, tablets, and mobile phone technol ogies. These technologies offer a wide range of applications that cover the
spectrum of health care delivery. Although preliminary experiments in mHealth demonstrate promising results, more robust
real-world evidence is needed for widespread adoption and sustainment of these technologies.

Objective: Our aim was to identify the problems/challenges associated with sustained use of an mHealth addiction recovery
support app and to determine strategies used by agencies that successfully sustained client use of A-CHESS.

Methods: Qualitative inquiry assessed staff perceptions about organizational attributes and strategies associated with sustained
use of the mobile app, A-CHESS. A total of 73 interviews of clinicians and administrators were conducted. Theinitial interviews
(n=36) occurred at the implementation of A-CHESS. Follow-up interviews (n=37) occurred approximately 12 and 24 months
later. A coding scheme was developed and Multiuser NVivo was used to manage and analyze the blinded interview data.

Results: Successful strategies used by treatment providersto sustain A-CHESS included (1) strong leadership support, (2) use
of client feedback reportsto follow up on non-engaged clients, (3) identify passionate staff and incorporate A-CHESS discussions
in weekly meetings, (4) develop A-CHESS guidelines related to client use, (5) establish internal work groups to engage clients,
and (6) establish afinancial strategy to sustain A-CHESS use. The study also identified attributes of A-CHESS that enhanced as
well asinhibited its sustainability.

Conclusions: Mobile apps can play an important role in health care delivery. However, providers will need to develop strategies
for engaging both staff and patientsin ongoing use of the apps. They will also need to rework business processes to accommodate
the changesin communication frequency and style, learn to use app datafor decision making, and identify financing mechanisms
for supporting these changes.

(J Med I nternet Res 2015;17(8):€201) doi:10.2196/jmir.3965

KEYWORDS
mHealth; substance abuse disorder; sustainability; funding; engagement; staff; client; implementation

: mobile phone technologies [1]. mHealth technologies offer a
Introduction wide range of applications that cover the spectrum of health
Emerging as a subsegment of eHealth technologies, mobile  C&€ delivery from measurement and diagnostics to treatment
health (mHealth) services are growing in importance in health ~ @nd recovery support. A 2013 Pew report states that 56% of the
care with the advancement of wireless networks, tablets, and US population owned a smartphone in 2013, which is a 10%
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increase from the previous year [2]. The possibilitiesfor use of
mHealth technol ogy to address care delivery, patient monitoring,
and adherence support have created substantial enthusiasm
among developers, providers, policy makers, and researchers
to use mHealth tools [3]. The Global Mobile Health Market
report proposes that one-third of the smartphone userswill use
some kind of health care app in 2015 [4]. Among the 1980
available therapeutic apps, chronic disease management is the
most common type of app [5]. Addiction recovery support apps
fall into this category, with substance use disorders for some
people being categorized as a chronic condition [6,7]. These
apps offer personalized recovery monitoring and easy access
to online support communities[8-16]. While some appsrely on
text messaging to monitor alcohol and drug use and send
reminders to users as an intervention [17,18], more current
comprehensive recovery management systems that integrate
mobile Internet capabilities and sensors like global positioning
satellites (GPS) and accelerometers have also been introduced
[9,19]. With personalized systems tailored specifically for user
needs and 24/7 availability to patients and caregivers,
comprehensive recovery management systems have the potential
to take mHealth to a new level if they are well developed,
adopted, and used by clients and supported by providers.

Although preliminary experiments in mHealth demonstrate
promising resultsin data collection for health care research [20],
medical and health care education [21], remote health care
assistance in developing nations [22], and improved treatment
outcomes [19], robust rea-world evidence is needed for
widespread adoption and sustainment of these technologies
[23,24]. Drawbacks such as counsel or resistance and perceptions
of increased staff workload, as well as the cost of owning a
smartphone or implementation of the technology, impede the
widespread utilization of mHealth technologiesin asustainable
manner [25,26].

The purpose of this research was to study the sustainability of
the implementation of an mHealth app (A-CHESS) designed
to support addiction recovery. A-CHESS isamobile phone app
designed to help people maintain recovery and prevent relapse
from drug or alcohol addiction. In this study, the app was
provided to the individual by their treatment agency and
included ongoing online and sometimesin-person support from
agency counselors. At aminimum, agencies provided connection
to a24-hour crisisline within the A-CHESS app for after-hours
coverage.

A-CHESS is consistent with self-determination theory and
Marlatt's stages-of-relapse model. The various A-CHESS
services align with the elements of self-determination theory:
competence, relatedness, and autonomy [27,28]. The app aso
incorporates a weekly check-in assessment using a version of
the Brief Alcohol Monitor (BAM) survey to obtain patient data
on recent alcohol and other drug use as well as status on
protective and risk factors[29]. A-CHESS usesthe BAM survey
information to provide feedback for theindividual and includes

http://www.jmir.org/2015/8/e201/
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a Bayesian predictive model that estimates the likelihood that
the patient will relapse in the coming weeks [30]. Agency
counselors are able to see the results of the surveys if the user
agrees to share that information.

A-CHESS assists an individual in recovery through servicesin
the following categories: (1) connection and communication
with peersviapersonal profilesand “walls’, discussion groups,
and private messages, (2) assessment of relapse risks through
daily check-ins, weekly surveys, and targeted feedback, (3)
alerts and reminders to encourage sustained recovery, (4)
addiction-related educational materials and recovery news, and
(5) tools to manage stress and risky situations that could
jeopardize recovery. Figure 1 shows images of the A-CHESS
home screen, and Figure 2 shows the Panic Button options.
Counselorsuse an A-CHESStool to accessinformation on how
their clients are doing and connect with them via A-CHESS
private messaging. Figure 3 shows a visual of the counselor
home screen. In addition, counselors participate in discussion
groups and are part of the support team for each individual .

The A-CHESS mobile phone app has been previously tested in
arandomized trial involving 349 study participants and found
to reduce risky drinking days and improve abstinence [19].
However, aclinical trial provides supportsthat are not available
in most addiction treatment settings. Even though the
intervention was efficacious, the question of whether such a
technology could be implemented and sustained in a standard
clinical practice remains unanswered.

While different frameworks exist to identify facilitators and
barriersrelated to theimplementation of organizational change,
sustainability of organizational change is an emerging area of
research. Existing sustainability frameworks suggest that
sustainability is attributable to the (1) internal organizational
supports, (2) contextual influences of the external environment,
and (3) characterigtics of the intervention [31-34]. Innovation
characteristics include stakeholder relationships, innovation
integrity, effectiveness, and quality of initial implementation
efforts, and alignment between innovation and stakeholder (eg,
agency staff or patients) needs. Internal organizational supports
include champion roles, leadership, resources, policies and
procedures, and expert support (ie, coaching). The environment
context explores the effects of financial, regulatory, and policy
changes. Rather than using a specific sustainability framework
(eg, Conceptual Framework for Sustainability of Public Health
Programs or Dynamic Sustainability Framework) [31-34], we
examined the different elements from each framework to
identify innovation, internal organizational, and external
environmental factorsinfluencing A-CHESS sustainability. The
study sought to distinguish the different strategies employed
between agencies that were sustainers and non-sustainers of
A-CHESS and also to identify challenges associated with
sustained use of A-CHESS beyond grant-funded randomized
controlled trials or pilots.
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Figurel. A-CHESS main menu.
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Figure2. A-CHESS panic button options.
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Figure 3. Screenshot of A-CHESS counselor home screen.
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Methods

Setting

Agenciesinvolved inthis study were all members of the CHESS
Health Education Consortium. The consortium brought together
University of Wisconsin-Madison researchers and health care
organizations to develop and research new health information
technologies developed at the UW-Madison Center for Health
Enhancement Systems Studies. The focus of the Consortium
was to learn how to effectively implement A-CHESS in
real-world settings. Treatment agencies that expressed interest
in using A-CHESS in their clinics were notified of the
opportunity to participate in the research Consortium.
Notification took place via phone cadls, emails, and a a
conference for substance treatment professionals. As part of
their Consortium membership, treatment agencies made a
donation to the UW-Madison that funded Consortium activities.
They aso agreed to participate in studies that were generated
from the interests of Consortium members. The consortium
started in April 2011 and ended in December 2014.

The member agencies made the decision on how A-CHESS
would be used within their organizations (eg, what client
population, how many participants, what level of care). Members
of the Consortium shared information on problems and best
practices when implementing and using A-CHESS. The
UW-Madison team adapted A-CHESS and expanded
administrative tools to help with its implementation and
utilization in the different treatment agencies. For example,
agencies could add content, develop surveys, customize the
meeting locator, or set up a drug testing schedule. The team
also revised the use reports to improve ease to use by staff.

Interview Process

Organi zations parti cipating in the Consortium were interviewed
at basdline using questions adapted from a previous study
conducted with a drug court program using A-CHESS. The
previous study was primarily interested in implementing rather
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than sustaining A-CHESS. Therevised interview guide adapted
the questions to focus on sustainable implementation and new
guestions were added to capture processes that would enhance
sustainability (available on request from first author). Counselors
using A-CHESS with clients were interviewed regarding their
use of the app, their perceptions regarding any changes in
workload, or how the app had/had not changed their interactions
with clients. Program managers were asked about counselor
attitudes, workflows, and supervision. The staff interview was
repeated at 12 months and 24 months into the implementation
process, using some of the questions from the baseline survey.
Theseinterviews also asked about organizational and innovation
attributes (eg, ease of use or components that users like) that
have been found in previous studies to affect sustainability of
innovations [31-34]. CEO<administrators of participating
organizations were aso interviewed. The baseline interview
asked about cost, population, implementation, and thoughts on
A-CHESS. The 12-month and 24-month interviews focused on
environmental, organizational, and innovation attributes that
might have influenced the sustainability of A-CHESS.

Recruitment

Agency senior leaders were informed of the study at the time
they agreed to participate in the consortium. UW-Madison
research staff contacted them via email to invite them to
participate in an interview and also to identify other agency
staff to interview about the A-CHESS implementation. The
agency staff was sent separate individual emails that explained
the focus of the interview, amount of time required,
confidentiality issues, and that participation was voluntary.
Consent with study participants was conducted at the start of
the initial interview by the UW-Madison research study staff.
The study received human subjects approval from the
UW-Madison Social and Behavioral Sciences Institutional
Review Board (SE 2011-0568).
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Data Collection

We conducted 36 baseline and 37 follow-up interviews of staff
(counselors and administrators) from 14 agencies. Two UW
staff (SD and KP) scheduled and conducted the interviews.
Once completed, the interviews were de-identified to remove
information that might indicate either a staff member’sidentity
or the agency identity.

Definition of Sustainability

While multipleindividual swereinterviewed within atreatment
provider, the presence or absence of strategies to support
A-CHESS sustainability were summarized at the organi zational
level. The primary outcome measure is to assess short-term
sustainability, which is defined as whether the agency continued
to use A-CHESS (or another mHealth intervention) after the
end of the Consortium in December 2014.

Analytical Approach

The coding scheme was constructed based on theories and
frameworks related to both implementation and sustainability
[33-35]. Wead so considered alist of apriori codesthat emerged
based on how the interview questions were constructed during
the preliminary analyses of the dataset. The objective was to
capture essential aspects that might influence or prevent
sustainable implementation of A-CHESS. After finalizing the
coding scheme, we piloted it on a subset of data and refined it
through discussions among the researchers into nine main
analytic themes with 42 codes nested within themes. Table 1
represents the full analytic framework used in our analysis.

To manage and analyze the blinded interview data, we used
Multiuser NVivo, aqualitative dataanalysis software devel oped
by QSR International. NVivo has components that allow
multiple researchers to work collaboratively on data corpus.
We utilized the “tree nodes’ in NVivo as a structured,
hierarchical placeholder for the coding scheme. Thesetree nodes
were then issued to related sections of the dataset allowing the
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users to run queries on specific codes of interest. We used
“annotations’ and “memos’ to mark the content that required
further exploration from coders. These initialed notes were
especidly helpful for communicating ideas to other
collaborators, as they were visible to anyone with access to the
document.

A team of 4 researchers collaborated in coding the dataset in
NVivo. Each researcher was assigned to a set that included the
initial, 12-month, and 24-month interviews. Wefirst completed
coding 10% of the data and created comparison reports among
coders using “coding comparison query”, a function included
inthe software[36]. Theinterrater reliability among coderswas
92%. Wethen all ocated the remaining interviews among coders
to proceed with the analysis.

The analysis focused on the short-term sustainability of
A-CHESS at the organizational level. Input from staff and
leadership provided different perspectives about the strategies
employed. Theinterview guides asked similar questions of both
staff and leadership, with the primary difference being that
leadership was asked additional questions about how the external
environment (eg, regulations or funding) might influence
A-CHESS sustainability. The baselineinterviews and follow-up
interviews as well as interviews by staff type were initially
analyzed separately to explore themes related to the
implementation and sustainability of A-CHESS. However, as
we moved further with our analysis, we found that the line
between implementation and sustainability became blurred as
many of our codes (such as “monitoring of sustainability” and
“implementation barriers’), aswell asthe opinions of staff and
leadership, overlapped. We redlized that a complete picture of
the organizational strategies employed to support A-CHESS
sustainability could not be achieved without integrating the
results into a holistic picture for the organization. Therefore,
we did not draw a sharp line between the definitions of
implementation and sustainability and did not distinguish
between responses from staff and leadership.
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Table 1. A-CHESS coding scheme.
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Domain Code

Description

Physical structure Age
Gender
Employment status
Weekly scheduled shifts

Client population

Communication Method of communication
Hours spent communicating

Client awareness

Readiness for A-
CHESS

Access to technology

Prior training

Assumed benefits

Reactions

A-CHESSimplemen- Implementation barriers ~ Technical barriers

tation

Resistance

Insufficient fund-

ing

Other factors

Overcoming barriers

Improvements

Useful applications

Less useful applications

A-CHESS involve-
ment

Involvement with A-CHESS
A-CHESS impact Positive internal impact
Negative internal impact

Positive external impact

Negative external impact

Age of the interviewee
Gender of the interviewee
Administrator or staff, full time or part time.

Hours of weekly scheduled shifts, including weekly night shifts and extra
shifts.

Any mention of client population, clients served with A-CHESS, any other
characteristic that describes client norms, trends, or patterns, number of
clients.

Any mention of how they communicate with clients, email, phone, text
messaging, and preferred method of communication.

Any mention of hours spent communicating with clients, hours spent with
one client, off-duty hours spent with clients.

Any mention of knowledge of clients’ health welfare, availability of emer-
gency care, and clients' support mechanisms.

Any mention of technology they use regularly, use of electronic records,
and access to Internet.

Any mention of attendance to webinars/conferences, whether they have
continued training, whether it was sufficient, whether there were any helpful
mediums, suggestions.

Any mention of benefits of using A-CHESS with clients prior to theimple-
mentation of the tool.

Any mention of reactions, statements about learning curve prior to theim-
plementation of the tool.

Any mention of applications not working, difficult to use/lunderstand appli-
cations.

Any mention of barriers to implementation such as staff resistance, leader-
ship resistance, client resistance

Any mention of payer restrictions, expenses, or cost indicated asimplemen-
tation barrier.

Any mention of regulations that directly or indirectly limit access or any
other interna or external factors that hinder implementation.

Any mention of how barriers were overcome, methods supporting the im-
plementation.

Any mention of suggestions, improvements, whether they would recommend
it to others.

Any mention of applications they used most, applicationsthey liked, appli-
cations that are easy to understand, and comments on the hel pfulness of
applications.

Any mention of applications they felt like they did not need, disliked.

Any mention of devicesused with A-CHESS, time spent on implementation,
A-CHESS use per shift, A-CHESS use off work.

Any mention of positive impact of A-CHESS use on client relationship, on
workload, daily activities.

Any mention of negative impact of A-CHESS use on client relationship,
on workload, daily activities.

Any mention of state and/or federal regulationsor policy (including Afford-
able Care Act) that positively impact use of A-CHESS.

Any mention of state and/or federal regulationsor policy (including Afford-
able Care Act) that positively impact use of A-CHESS.
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Domain Code

Description

Sustainability Strategies employed

Monitoring of sustainability

Outside environment

Challenges to sustainability

Attributes enhancing sustainability

Attributes inhibiting sustainability

Resources to support sustainability

Staff engagement

Financia impact

Facilitator impact

Funding Funding

Other technologies Technology type

Technology platform

Any mention of strategies employed for sustainability including strategies
to overcomeany barriers. Note: When coding, name the strategies empl oyed.

Systemsin place: Any mention of processes implemented to routinely
measure the impact of A-CHESS on client or organizational outcomes

Communication: Any mention that A-CHESS impact is shared with staff,
|leadership

Frequency: Any mention of the frequency with which A-CHESSresultsare
shared

Any mention positive or negative of how outside influences, such as regu-
latory changes or absence of funding to support effortsto bill for technology
use, impact sustainability.

Any mention of challenges that inhibit sustainability, including staff resis-
tance to A-CHESS. Note: Enter notes about the different barriers or chal-
lenges

Any mention of A-CHESS attributes enhancing sustainability.

Any mention of A-CHESS attributesinhibiting sustainability. Note: attributes
from the client perspective should be also be coded with client population.

Any mention of resources (such as staff and funding) needed to sustain
changes and how they will be obtained, and how sustainability will be
measured. Note: When coding, we should note which strategies were em-
ployed.

Any mention positive or negative of how staff was engaged in ongoing ef-
forts to sustain A-CHESS.

Any mention of the business case for sustaining A-CHESS including whether
or not the business case (ig, financial gains) associated with A-CHESS have
been successful or not successful.

Any mention of which facilitators turned out to be the most important in
sustaining A-CHESS within the organization.

Any mention of funding or cost, including funding resources to support
sustainability, regulations affecting funding or cost, the business case for
continuing A-CHESS, expenses, and compensations.

Any mention of anew technology that the organization will be or hasim-
plemented for their clients.

Any mention of the platform for which the new technology needsto operate.

Results

Overview

Detailed information about the organizational attributes of the
A-CHESS consortium agencies is available in Multimedia
Appendix 1. The 14 agencies are geographically distributed
equally across the country except for the West region (n=2).
The majority of the agencies (9/14, 64%) serve more than 500
clients per year. Table 2 provides an overview of the interview
process by agency, including staff interviewed and dates, as
well as the date the agency joined the consortium.
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A total of 73 interviews were completed with 44 unique
individuals. Interviews were conducted with staff (n=24) and
leadership (n=20) across the 14 agencies. Table 3 shows that
the magjority of staff interviewed was female (14/24, 58%);
however, 60% (6/10) administrators were male. The staff
workforce reported an average tenure of 5.7 years with 46%
(6/13) being with their agency less than 3 years. Also, 13 out
of the 24 staff (54.2%) reported their age was under 40.
Smartphone use was prevalent among the staff members under
age 40.
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Table 2. Interview timeline by agency.
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Agency  Consortiumjoin  Roles Initial interview date 12-month interview date 24-month interview date
date
1 10/1/2011 Admin  6/25/2012 7/23/2013 8/12/2014
Admin  None 7/10/2013 Several contacts, no response
Staff None 8/20/2013 8/25/2014
Staff 6/26/2012 None N/A
2 4/1/2011 Admin  2/20/2012 None N/A
Admin  4/11/2012 7/23/2013 8/5/2014
Staff 4/10/2012 7/25/2013 8/4/2014
Staff 4/10/2012 None N/A
Staff None 7/17/2013 7/30/2014
3 11/1/2011 Admin  None 7/24/2013 7/25/2014
Staff 6/25/2012 7/24/2013 4 reschedules
Staff None 7/16/2013 7/24/2014
Staff 7/15/2013 None N/A
4 1/1/2013 Admin  5/1/2014 5/1/2014
Admin  6/13/2014 6/13/2014
5 4/1/2011 Admin  2/29/2012 8/2/2013 Several contacts, no response
Staff 2/6/2012 (2 staff together) None N/A
Staff None N/A
Staff None 7/30/2013 8/21/2014
6 11/1/2011 Admin/  7/5/2012 (admin interview) 7/31/2013 (staff interview) 8/29/2014
Staff
Admin  3/2/2012 None N/A
Staff None 9/6/2013 Not in agency anymore
Staff 8/7/2012 None N/A
7 11/1/2011 Admin  6/25/2012 7/30/2013 8/13/2014
Admin  6/26/2012 7/10/2013 8/12/2014
Admin  6/26/2012 7/11/2013 not in agency anymore
Staff 6/21/2012 7/25/2013 Several contacts, no response
Staff 7/11/2012 None N/A
8 7/1/2011 Admin  3/5/2014 (24 mos.) Not in consortium
Staff 3/5/2014 (24 mos.) Not in consortium
9 4/1/2011 Admin  2/7/2012 Not in consortium Not in consortium
10 7/1/2011 Admin  6/7/2012 Not in consortium Not in consortium
11 1/1/2013 Admin  10/28/2013 N/A
Staff 11/1/2013 10/23/2014
12 7/1/2013 Admin  1/15/2014
Staff 1/17/2014 1/16/2015
Staff 1/28/2014 1/26/2015
13 11/1/2013 Admin  1/24/2014
Admin  2/7/2014 2/25/2015
Staff 1/22/2014 1/12/2015
Staff 1/27/2014 1/23/2015
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Agency  Consortiumjoin  Roles Initial interview date 12-month interview date 24-month interview date
date
14 5/29/2013 Admin  5/6/2014
Staff 5/29/2014 5/29/2014
Table 3. Qualitative inquiry response rate and respondent demographics.
Staff Administrator
Interview timeframe, n
Initial interview 17 19
12-month interview 15 11
24-month interview 5 6
Employee demogr aphics (based on responsesreceived), n (%)
Gender
Male 10 (41.7) 12 (60.0)
Female 14 (58.3) 8(40.0)
Agerange
20-29 5(20.8)
30-39 8(33.3)
40-49 3(12.5)
50-54 2(8.3)
Refused/no response 6 (25.0)
Access/use of technology
Computers 22 (47.8)
Mobile phone/smartphone 19 (41.3)
iPad/iPod 4(8.7)
Other (videophone) 1(2.2)
Tenurein years
3years 6 (46.1)
4-9 years 5(38.5)
9years 2(15.9)
Average tenure in years, mean (SD) 57(5.2)

Qualitative Analysis

Identification of agencies meeting our definition of short-term
sustainability was straightforward. Three agencies (#5, #7, and
#13) continued to utilize A-CHESS as an integrated part of their
service delivery after the Consortium ended. Three agencies
(#8, #9, and #10) dropped out of the Consortium before the
12-month interview. Although the remaining agencieswere not
able to sustain A-CHESS after the Consortium ended, their
efforts were aso reviewed to help identify unsuccessful
sustainability strategies. We utilized the previously identified
sustainability frameworks to organize the qualitative analysis
which suggest that sustainability is attributable to the internal
organizational supports, the externa environment (eg, funding
and regulations), and characteristics of theintervention [31-34].
Our analysisfocused on (1) theinternal organizational supports
put in place to sustain A-CHESS, (2) funding as a contextual

http://www.jmir.org/2015/8/e201/

influencer from the external environment, and (3) A-CHESS
innovation characteristics that support its sustainability.

Internal Organizational Supports

Organizational supports focused on three specific strategies:
leadership support, staff engagement, and client engagement.
Strong leadership support was present across multiple agencies.
Often in these agencies, the leadership team took systematic
and organized steps to move forward with the program. One
respondent stated, “ The whole system had to be developed from
the ground up including process development and
documentation”. In another agency that sustained A-CHESS,
leadership understood that using technology to engage clients
in treatment is innovative. However, the external environment
(eg, reimbursement from insurance providers or Medicaid) is
not keeping up with the innovations. As aresult, leadership in
this agency recognized that external funding to support
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A-CHESS would need to come from private donors and/or
foundations. The absence of leadership support may hinder
development of an A-CHESS business model strategy. A
respondent from one agency not sustaining A-CHESS stated
that they need to be “able to convince administrators that there
isafinancia benefit to them”.

Staff Engagement

Engaging staff during the initial implementation and ongoing
support of an mHealth app like A-CHESS is an important
attribute associated with sustainability. The three agencies that
were able to sustain A-CHESS used three clearly defined
concrete strategies to engage staff (Table 4). One strategy
involved the regular review of reports about client use of
A-CHESS. This provided staff with additional opportunitiesto
identify clients at risk and to initiate follow-up efforts to
re-engage them. One respondent highlighted the importance of
monitoring from a clients' perspective when they stated the
value of the relapse prevention feature (weekly check-in):
“Clientslike[A-CHESS], it'sasmall and valuableintervention”.
Another staff engagement strategy involved integrating a
discussion of A-CHESS into weekly staff meetings. One
respondent indicated that “Once a week we sit down and talk
and review globally their caseload, [to] extend utilization of
A-CHESS’. The final staff engagement strategy these three

http://www.jmir.org/2015/8/e201/
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agencies used involved identifying staff who expressed an
interest in working with A-CHESS. For example, one respondent
indicated that they “selected staff that expressed interest so
they're invested so we don't have any staff resistance”. A
response from one of the agencies highlighted the integration
of dedicated staff with the weekly review process when they
stated, “We have a team of folks who focuses only on
A-CHESS, assesson how clientsare using A-CHESS. We have
dedicated staff and we monitor client outcome”. Other strategies
such as providing resources, using peersto provide training, or
producing A-CHESS guides were specific to only one of the
agencies, while a few of the non-sustaining agencies (#1 and
#6) employed one of these key strategies. For example, Agency
1 utilized the A-CHESS reports to provide information to staff
about client usage; however, unlike Agencies 5, 7, and 13, that
information was not shared with staff on a regular basis. A
respondent from one of the agenciesthat successfully sustained
the use of A-CHESS summarized the impact and importance
of staff engagement by stating that “wework with patients more
at the beginning to sustain interest, help them use the
phone...[and]...developed some guidelines’. These changes
helped patients learn more about how the phone app works. In
turn, theseindividualswere able to help new patientswho were
not familiar with the phone by providing hands-on support
through peer support meetings.
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Table 4. Organizational and external environmental strategies supporting sustainability.
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Agency

1

2345 67 8910 11 12 13 14

Organizational level strategies
Strong leadership support and engagement

Staff engagement

Implement reminders related to A-CHESS use for staff

Provide and communicate information through regular review of reports on client
usage

Offer training to new staff and ongoing training to all staff including face-to-face
meetings to promote staff mentoring opportunities

Require new staff to be excited and familiar with technology

Produce A-CHESS booklets with screenshots customized to the treatment location
or organization specific A-CHESS program guides

Establish aweb link for A-CHESS demonstrations and video tutorials
Identify staff interest in working with A-CHESS
Incorporate discussion of A-CHESS into weekly staff meetings

Involve peersin training

Ongoing client engagement

Use feedback reportsto identify clients not using the system and have staff follow-
up

Establish guidelines and contractsrelated to use of A-CHESS or discharge protocols
about how to use A-CHESS

Use peer counselorsor clientsto providetraining on how to use A-CHESS or share
their experiences

Adopt A-CHESS materials for specific client needs
Encourage client use of A-CHESS features such as discussion group

Establish task force or internal work group of internal championsincluding clients
to engaged clientsin A-CHESS

Create training sessions for clients including developing user manuals
Engage clients early on by showing them how to use the phone

Establish targeted marketing for selected clients

General or generic

Increase public relations by going to community based gatherings
Used in the agency to augment or replace existing therapeutic approaches
Provide resource supports such as office space and staffing support

Work to establish or increase stakeholder awareness of A-CHESS and its benefits

External environment financial business model

Leverage hilling codes to support reimbursement for A-CHESS
Seek out other sources of funding (eg, donations, mini-grants, etc)

Communicate with insurance carriers or other external agencies to drive support
and seek funding

Work with phone carriersto see if lower rates can be secured

Developed a business case for A-CHESS serviceline

VAV VY VoV
v
v Voo v
VoV
v

v

v

VR
v Voo v
v Voo

v v
v

v

Voo v

\/
vV v v
v

v

v

v

oy

v

Voo

http://www.jmir.org/2015/8/e201/

RenderX

JMed Internet Res 2015 | vol. 17 | iss. 8 |e201 | p.89
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Ongoing Client Engagement

Client engagement strategies can promote initia client
engagement or ongoing engagement once the client starts to
use the technology. While both are important, sustainability
relies more on the identification of strategies that encourage
ongoing client use of theintervention. Each of the agenciesthat
sustained A-CHESS used two specific strategies to promote
client engagement. The first strategy focused on monitoring
client engagement with A-CHESS. Staff in these agencies
utilized the available reports to identify clients who were not
using the system and created processes that required follow-up
with the client. As one respondent indicated, “It is up to the
staff to engage the people. Peer to peer is not so high so we do
need our staff to engage them. Staff participation is very
important”. In contrast, staff at agencies who did not sustain
A-CHESS identified a lack of communication as a barrier to
sustainability but did not have a solution to systematize the
feedback process or had to determine if these reports were a
better source of datathan internal tracking systems. Asone staff
member responded, “ The Excel spreadsheet does not give you
much unless you know what datato analyze, what variablesto
use’. In some agencies that did not sustain A-CHESS, other
organizational changes such as system upgrades or electronic
medical record implementation affected staff time to
successfully manage the data from A-CHESS.

The second client engagement strategy focused on efforts to
establish an agency team (eg, a task force or internal work
group) consisting of dedicated staff (and in some instances,
clients), whose responsibility was to help promote client
engagement with A-CHESS. One agency created a task force
of internal championswhose primary rolewas*“ al about staying
connected to the clients’. As a result, staff indicated that
A-CHESS helped improve their interactions with clients. A
staff member in one of these agencies stated, “ It has made my
work easier as| can work with patients over the phone and they
do not haveto comein asoften”. Another staff member defined
ACHESS as“agame-changing event”. In thisagency, leadership
considered “enthusiasm for the program [A-CHESS]” when
making counselor hiring decisions.

Other client engagement strategies were used by some but not
all of the agencies sustaining A-CHESS. Two of the agencies
(#5 and #7) also established protocols, guidelines, or contracts
designed to define client expectationsfor using A-CHESS while
intreatment. A respondent from one agency stated that “aclient
agrees to expectations outlined in a document which he/she
signs’. The protocols aso help clients remain engaged with
A-CHESS upon discharge from treatment. Another respondent
from a different agency stated, “We offer A-CHESS to our
patients in the 28-day inpatient program. It is part of the
discharge plan. We talk about it in our weekly alumni group.
Before they |eave, we give them their phone back (to those who
have phones before checking into our inpatient program) and
meet with them, put A-CHESS in their phone so they areall set
before they walk out of the door”. Agency 1 aso used this
strategy and the feedback reports but did not sustain A-CHESS
after the Consortium ended.
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In addition, two agencies (#7 and #13) used peer counselors or
staff to train clients on A-CHESS use. A respondent from one
of these agencies stated, “ Peer mentoring staff and clinical staff
heavily promote A-CHESS utilization as an important addition
to quality and continuum of care”. Staff in Agency 7 expanded
on these efforts by making sure that clients weretrained in how
touse A-CHESS. Specifically, staff and peersprovided training
when the client wasfirst given the phone. While other strategies
were applied to promote ongoing client engagement, agencies
that sustained A-CHESS did not use them.

External Environment: Financial Business M odel

Developing a business model to support the ongoing use of
mHealth apps (eg, A-CHESS) is a key strategy for long-term
sustainability. Agencies that sustained A-CHESS (#5, #7, and
#13) took active steps to reduce costs (eg, provided to clients
with aphone) and explored the possibility of additional funding.
Leadership in these three agencies used a variety of different
strategies to seek or secure additional funding (Table 4). For
example, all three agencies sought other sources of funding such
as mini-grants or donations. In addition, Agency 13 took
advantage of state Medicaid billing codes related to peer
monitoring, case management, and crisisintervention to support
A-CHESS. This agency also worked closely with the MCOsin
the state who “are engaged in A-CHESS promotion and are
devoting fundsto ‘ pilot projects’ for A-CHESS implementation
with their patient population”. Two agencies (#5 and 7) that
have sustained A-CHESS have taken a different approach to
incorporating A-CHESS nto their businessmodel. For example,
Agency 5 established an A-CHESS service line and devel oped
presentations about A-CHESS impact on client outcomes.
Agency leadership uses the presentations to communicate their
message to potential donors or foundations, which has helped
brand the agency as a leader in the field. They had this to say
about their approach: “We've incorporated technology in our
servicelineand we're staying onit. In presentations, we promote
and talk about A-CHESS...when | do the presentation and show
A-CHESS, | get the audience's attention”. As part of the
business model strategy for this agency, A-CHESS was offered
only to clientswith asmartphone and associated data plan, thus
avoiding the variable expense associated with buying phones
and providing the data service plan.

Absence of a Financial Business M odel

Agencies that did not sustain A-CHESS recognized the
importance of securing outside funding to support ongoing use
of the app. Leadership in three of those agencies (#1, #2, and
#11) took active steps to reduce costs and explored the
possibility of additional funding including switching carriers,
initiating conversationswith the state about Medicaid coverage,
and using A-CHESS reports to highlight the effectiveness of
A-CHESS to the community. Despite these steps, one
respondent from these agencies stated, “Funding is aways the
top barrier. We're always looking for ways to support the
A-CHESS program”. Another respondent indicated that one of
the challengesto sustaining A-CHESS wasthe “ cost of phones;
clientsaren’t really using [A-CHESS] that much thelonger they
arein treatment”. Agencies that relied on grant funding to pay
for staff in the A-CHESS pilot were struggling with figuring
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out how to continue to pay for those staff in the future. Other
agencies that did not sustain A-CHESS did not appear to
implement any of the successful business model strategies to
help cover costs or secure additional funding. In one of these
agencies, the absence of a business strategy combined with
financia instability indicated that more work was required “to
integrate [A-CHESS] into existing treatment system”.

A-CHESS Innovation Char acteristics

Attributes of an innovation influence whether it is sustained
within an organization. Table 5 summarizes innovation
enhancers and inhibitors across all Consortium agencies about
specific A-CHESS attributes might contribute to its sustained
use their clients.

Thetop threeinnovation enhancers mentioned by staff werethe
discussion group, the ability of A-CHESS to address client
needs and staff support, and rapid response to client concerns.
Staff believed that A-CHESS alowed the clients to create a
sense of community in order to help each other in a time of
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need. One respondent stated that using A-CHESS “brought all
clients to be closer together, they never met each other before
but feel connected, they call themselves ‘Band of Brothers'”.
Another respondent said, “It's exciting that technology is part
of recovery. It's mobile, on the run, you just press 2 buttons
and you can get in touch with people. It alows the client to
reach out anytime”. Even agenciesthat were not ableto sustain
A-CHESS till recognized the importance of engaging clients.
Staff in one agency encourages clients to “share in Discussion
Group, like when they sharein a 12-step meeting...[because it
is] Secure, it'ssafe. It'sthe recovery version of Facebook. They
can communicate and know they are being monitored”. A
respondent from another agency indicated that A-CHESS“ helps
them [clients] make appointments, keep up with appointments,
[and] continue with their therapy”. Despite recognizing how
A-CHESS hel ped with client engagement, these non-sustaining
treatment agencies did not actively develop and implement
strategies to promote client engagement. The reason identified
in one of these agencies was “the failure to put time and work
with the clients who didn’t use A-CHESS’.

Table5. Attributes of the A-CHESS innovation potentially impacting sustainability.

Agency
12345678910 11 12 13 14

Innovation enhancers
Discussion group
Addresses client need (eg, rides, schedules, or information)
Staff support and rapid response (eg, BAM survey or panic button)
Panic button
Ease of use
Communication with peers
Impact on staff workload (eg, makes their jobs easier)
Thought of the day
Weekly survey
My profile
Innovation inhibitors
Availability and cost of phones
Concerns about being tracked

Technological failures (eg, no coverage, features not working etc)

v o ovVY v
vV Vv
vV v
VA

v v v

<L L <

VAR

Clients skills or comfort level with smartphones, which may impact regular use of the v v

phone

Technology

Technological challenges, phone availability and costs, concerns
about being tracked, and the skills of the users were identified
aspotential innovation inhibitors. During theinitial rollout, the
phone or features on the phone (eg, meeting locator) did not
always work as expected for both clients and staff. One
respondent stated, “There are a lot of problems with phones
(not good quality). We thought at first it was the clients not
taking care of the phones but staff also had problems with
phones’. Another respondent indicated that “it’s too long to

http://www.jmir.org/2015/8/e201/

load, sometimes get a blank screen... but some clients have
complained about not getting signal (connectivity)”. These
challenges affected clients’ use of the phone. For example, one
respondent stated, “It is a problem because clients cannot call
for transportation”. Client comfort level with technology in
general could also be abarrier to sustained use. One respondent
indicated that “some of the older guys are not tech savvy; we
have to teach them over and over again, tell them that they can
play with the phoneand it won’t hurt it”. Finally, client concerns
about the tracking function of the innovation were raised in a
coupl e of agencies. Onerespondent stated, “ The paranoiaeffect,
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clients think we're tracking them and following them with
electronic capability”.

Discussion

Principal Findings

Strategies that might influence sustainability may be related to
intervention types[37]. A-CHESSisan innovation that requires
coordinating multiple staff to implement a new technology in
the provider organization. Efforts to successfully sustain such
an intervention require support from leadership and a project
champion, an understanding of how the innovation fits within
the organizational mission, training for all staff involved in the
implementation, seeking continued financial resources,
integrating a new practice into organization policies and
procedures, and continuous monitoring [37]. Our resultsindicate
how these strategies help sustain the use of mHealth appswithin
the context of addiction treatment programs.

While leadership support is an important part of the different
sustainability frameworks [31-34], how it unfolds in the
organization is less clear. We found that many agencies
indicated the presence of leadership support for A-CHESS
implementation. Involved and committed leaders can help
facilitate sustainability [38-40]. In agencies that successfully
sustained A-CHESS, leadership was actively involved by
providing support during implementation. These leaders took
steps to ensure that their strategic decisions and plans for
A-CHESS created a coherent vision for organizationa
transformation; empowered employees to participate in the
change process, including providing training; and allocated
resources, change policies, procedures, and job descriptions
[31,41,42]. For example, leadership in these agenciesrecognized
the need to establish A-CHESS use covenants or contractsbefore
providing the innovation to a client.

Fiduciary responsibility is a leadership task. Efforts to secure
ongoing funding are an important issue in mHeath
implementation [25,43]. Our resultsindicate that |eadership can
support efforts for mHealth financing by establishing service
lines, leveraging billing codes, and marketing the impact of
mHealth on clientsto perspective payers. Future research should
explore how these different approaches contribute to the
long-term sustainability of mHealth apps.

Effectively engaging staff, and in our case, clients, establishes
a sense of empowerment that they are a part of the change
process, enhances staff motivation to participate in the change
process, and leads to more actionabl e steps by staff to promote
sustainment of the change [40,44-48]. We found that specific
strategiestargeting staff and client engagement differed between
agenciesthat sustained versusdid not sustain use of A-CHESS.
For example, successful agencies established A-CHESS
implementation teams and utilized clients and peer counselors
totrain new users. Asaresult, the participation helped to provide
sufficient evidencefor staff and clientsto believein the benefits
of A-CHESS. This local participatory approach enhances
sustainability efforts[39,49-51]. Further research isrequired to
understand how staff and client engagement strategies support
the sustainment of mHealth apps.

http://www.jmir.org/2015/8/e201/
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Developing an ongoing measurement and feedback system
facilitates and supports organizational sustainability efforts
[39,50,52-54]. It has been suggested that such systems have
four components: (1) continually and effectively monitor
progress of change, (2) keep the organization informed about
success, (3) identify new areas for improvement, and (4)
establish protocols to communicate and act on the results [55].
Agencies sustaining A-CHESS devel oped systemsfocusing on
three of the four components, excluding a focus on new areas
for improvement. Their strategiesintegrated monitoring efforts
into weekly meetings and established policies and procedures
to follow up with unengaged clients. The effectiveness of the
approach on client engagement requires further investigation.

Limitations

Providers that participated in the research consortium (a
self-selected sample) may not be representative of other
treatment providersthat might have implemented other mHealth
apps. Ancther limitation related to the sample is that these
providers implemented a specific mHedth app—a
recovery-oriented app for individuals with substance abuse
issues. The strategies associated with implementing and
sustaining the A-CHESS app may differ from other mHealth
apps. For example, levels of direct care staff engagement
associated with use of another mHealth app may require
different strategies to promote sustainability.

The qualitative process relied on a sample of interviews from
the participating agencies. Staff turnover meant that different
staff memberswere interviewed for the baseline and follow-up
surveys. Inconsistency in the timing of theinterview is another
study limitation. The interviews did not begin when an agency
joined the consortium. Time was required to alow the agency
to develop aplan toimplement A-CHESS in their organization.
As such, theinitial interview was not conducted until after the
plans were developed with a range of 3-16 months between
when the organization joined the consortium and when we
conducted the initial interview. We then attempted to conduct
the follow-up interviews at the appropriate 12-month and
24-month windows. Effortsto schedule the interviewswith staff
led to, in some instances, the interviews being scheduled as
much as 1-5 months outside of the respective 12-month and
24-month timeframe. In addition, the interview process did not
include patients using A-CHESS. Their responses about
strategies to sustain A-CHESS may have differed from staff.
Client perspectives about why they continue to use a specific
mHealth technology should be included in future studies.

The external funding strategies are specific to the structure and
financing mechanism within the US health care system for
substance abuse treatment. The organizational strategies might
be transferable to non—US-based substance abuse treatment
providers or other types of health care systems. However, the
full implementation of the Affordable Care Act in the United
States or the actual structure of the payment system in another
country may require changes to existing strategies or the
identification of new strategies for sustaining an mHealth app
in general or A-CHESS in particular within their respective
implementation environments. Further research will be necessary
to fully understand how different financial strategies and
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payment mechanism affect the use of mHealth apps in health
care.

Conclusions
As with any technology adoption, the use of mHealth apps for

Fordl1l et d

patient engagement, organizational procedures, and business
model. Organization leaders will revisit these plans and adapt
their implementation process to address emerging needs asthey
arise. Future research should focus on understanding the
environmental, organizational, and innovation attributes that

disease management will require a series of changes to the
operations in health care provider organizations. Successful
organi zationswill devel op adoption plansthat address staff and

influence an organization's decision to sustain the use of a
particular mHealth app for its clients.
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Abstract

Background: One factor when assessing the quality of mobile appsis quantifying the impact of a given app on a population.
There is currently no metric which can be used to compare the population impact of a mobile app across different health care
disciplines.

Objective: The objective of this study isto create a novel metric to characterize the impact of a mobile app on a population.

Methods: We devel oped the simple novel metric, app usage factor (AUF), defined as the logarithm of the product of the number
of active users of amobile app with the median number of daily uses of the app. The behavior of this metric was modeled using
simulated modeling in Python, a general-purpose programming language. Three simulations were conducted to explore the
temporal and numerical stability of our metric and a simulated app ecosystem model using a simulated dataset of 20,000 apps.

Results: Simulations confirmed the metric was stable between predicted usage limits and remained stable at extremes of these
limits. Analysis of asimulated dataset of 20,000 apps calculated an average value for the app usage factor of 4.90 (SD 0.78). A
temporal simulation showed that the metric remained stable over time and suitable limits for its use were identified.

Conclusions: A key component when assessing app risk and potential harm is understanding the potential population impact
of each mobile app. Our metric has many potential uses for awide range of stakeholdersin the app ecosystem, including users,
regulators, developers, and health care professionals. Furthermore, this metric forms part of the overall estimate of risk and
potential for harm or benefit posed by a mobile medical app. We identify the merits and limitations of this metric, as well as
potential avenues for future validation and research.

(J Med Internet Res 2015;17(8):€200) doi:10.2196/jmir.4284

KEYWORDS

mHealth; medical app; mobile phone; metric; risk assessment; medical informatics apps; popul ation impact; mobile health; patient
safety; mobile app

: reliability and accuracy of apps have arisen, leading to callsfor
Introduction some form of quality assessment [5-7].
Overview Evaluating the quality of mobile appsis anotoriously difficult

The growth in popularity of health and medical appsfor health
care professionals and patientsiswidely recognized given their
numerous successful usesin a number of health care domains,
including clinical health care delivery, education, and health
promotion [1-4]. However, anumber of concernsregarding the

http://www.jmir.org/2015/8/e200/

problem which currently has no standard solution. Ideally, every
medical app should be evaluated and tested by arange of experts
to ensureits suitability and applicability to medicine. In practice,
this is impossible to achieve given the exponential growth in
the app market, low barriers to entry, limited resources, and
rapid pace of development [6]. A number of models have been
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proposed to help clinicians, app developers, regulators, and
commissioning bodies to assess the quality of mobile apps,
although it remainsto be seen which model hasthe most utility
in practical terms|[5,8,9].

A previous paper proposing a framework for risk assessment
for mobile medical apps identified many components that
increase the potential for harm [5]. The components included
inherent factors to the app, such as functionality, content,
complexity, and lack of a fail-safe. External factors included
the app user, inappropriate usage, inadequate training, and the
likelihood of an error being detected. Furthermore, this paper
suggested that an important component of the potential harm
caused by amedical app isthe overall impact that amobile app
has on a given population [5]. Lewis et a noted, "Risk is
proportional to the number of patients affected, so disease
prevalence or similar indices of the number of people likely to
be affected by an error need to be considered.”

It follows that a less harmful app used by a large population
could pose a greater overall population safety risk than a more

Lewis & Wyatt

harmful app used by a small population. Therefore, it is clear
that there is a need to develop a metric that will assess the
population impact of maobile medical apps and will alow
subsequent comparison across different disciplines.

The Problem: Assessing the I mpact of a Specific App

There are a limited number of options currently available to
assess the impact of a mobile medical app on any given
population; these are shown in Table 1 and are ranked in order
of accuracy.

It isimportant for the various stakehol dersto be ableto estimate
and compare the likely population impacts of specific apps for
the reasons shown in Table 2.

It is critical to be able to assess the number of people at risk
from an unsafe app at any given time and currently thereis no
clear method of assessing this. Our objective was to propose,
develop, and model asimple metric that can be used to estimate
and comparethelikely impact of aspecific app on apopulation.

Table 1. Models currently in use for assessing the impact of a mobile app on a given population.

Assessment tool? Examples Advantages

Disadvantages

Detailed app analytics  High level metrics such as
active users, time spent on
app, and ethnographic and

epidemiologica data

to be measured

Numerous mHealth studies
testing the validity of mobile
apps for health care

mHealth studies [10]

Basic metric available from a
number of sources

Number of app down-

loads disciplines

Minimal knowledge required to provide

Educated guesswork N/AP estimate

Gold standard in terms of data detail
Would enable precise population impact

Rigorous independent trials
Often have detailed metrics available
Often note the quality of an app

Can easily compare apps from different

Large volumes of data
Not currently practical

Relies on app developers releasing crucial busi-
ness information

Developer bias

Often focus on one specific app

Not many studies available

Not easy to compare apps from different disci-
plines

Information not easily accessible

Many users only download an app for tria pur-
poses

No information about how often an app is used
No information about intended audience
Often not reported accurately

Not accurate or precise
Wide observer bias

A ssessment tools are ranked in order of accuracy.
BNot applicable (N/A).

http://www.jmir.org/2015/8/e200/
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Table 2. Key reasons for use of population impacts of mobile apps by stakeholders.

Stakeholder

Reason for estimating app impact on population

Regulator
regulatory measures

To estimate and compare the overall risks posed if the app is unsafe, and to decide on the appropriate

To understand the potential for population benefit from effective apps

Guideline developer (eg, NICE?)

App developer
To guide update strategy

App users
Clinicians advising users about the app
Health insurers and funding schemes

Health economists

To help understand the impact of an app from a public health perspective

To justify investment decisions

May use the population impact as a surrogate indicator for quality

May use the population impact as a surrogate indicator for quality

To understand the likely payback from approving reimbursement of the cost of the app
As part of an estimate of cost effectiveness of the app

Could utilize AUF’as part of their ranking algorithm

App stores

Surrogate marker for quality

@\ational Institute for Health and Care Excellence (NICE).
ba pp usage factor (AUF).

Methods

Identification of a Simple Metric: App Usage Factor

A broad literature search for existing metric systemsin use was
carried out. Thetwo authors of thispaper (TLL, JCW) searched
for relevant papers with regard to their suitability for use when
applied to medical apps, however, none werefound. The search
was expanded to look for metrics in use in other aspects of
technology. We felt that there were some useful analogies
outside health care; these included passenger miles for
comparing CO,emissions from aternative transport methods,
the readership of newspapers and magazines (number of sales
x number of readers per paper), and common website metrics,
which capture the number of unique visitors x time spent per
visit.

We aso brainstormed the criteria for a useful metric. In our
view, agood metric should display thefollowing characteristics:

1. Simpleto calculate from readily available information
2. Reflects both the number of users and the frequency of use

3. Generates a single, understandable figure within the range
of 0to 10, despite the hugely varying number of users per app
(at least amillion-to-one ratio)

4. Relatively stable over time for each app
5. Can be used as a denominator for adverse incident reports

6. Makes intuitive sense to users in the same way as does the
Richter scale, for example.

7. Has good interobserver agreement and reliability.

Our proposed metric, the app usage factor (AUF), is defined as
the logarithm of the product of the total number of active users
of amobile app (Ay) with the median number of daily uses of

the aforementioned app (D). The formulafor calculating the
metric can be seen in equation 1 asfollows:

http://www.jmir.org/2015/8/e200/

AUF=logo(AyxDy) (1)

There are anumber of pointsworth considering that enablethis
metric to fulfil all the desired characteristics. Certain
considerations for the measurement of Ajand Dyinclude
geographic boundaries (eg, AUF could be global or country
specific), operating system version (eg, AUF could differ for
iPhone and Android platforms), and app version number, which
would need to be specified or standardized in order to make a
meaningful assessment of the AUF.

There are a so specific temporal considerationswhen calculating
Ay, Dy, and AUF, in particular, the following:

1. Thefigure for each variable should be assessed as "stable,”
for instance, not changed significantly over the past 30 days.
Thisis because the use of apps by users can change extremely
rapidly, for example, dueto mediahype surrounding therelease
of anew app.

2. The AUF for a specific app can change over time as the app
ecosystem evolves. Specific issues that may be encountered
include app or operating system updates, which may
significantly affect the functionality of the app.

On the basis of the considerations above, it is reasonable to
calculate the AUF for a specific app on a quarterly basis, at
minimum, or 30 days following a major app update. Given the
well-recognized speed of app updates, this may well require
further refinement [11].

Validation of the App Usage Factor Metric Against
Proposed Criteria

Overview

Any novel metric requires appropriate validation to ensure its
suitability and accuracy for the proposed task. A series of
computer simulation models were constructed that allowed
specific app usage scenarios to be explored. The objective was
to validate the AUF metric against the desirable metric criteria,
thus confirming its suitability and applicability for practical use.
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Three specific scenarios were modelled using Python [12], a
high-level, general-purpose programming language, asfollows:

1. Exploring stability of AUF as a function of A,and D,
including determination of metric limits

2. Simulated app ecosystem model
3. Temporal stability of AUF.

Exploring Stability of the App Usage Factor as a
Function of Auand Du, I ncluding Determination of
Metric Limits

A 200x%200 linear spaced grid was constructed in Python to
simulate the behavior of the metric with calculated values of
the AUF based on 0<A(;<100,000 and 0<D,<50. A secondary
iterative process was used to explore the limits of the AUF while
still returning usable results. Specific positive and negative
limits were identified.

Simulated App Ecosystem Model

Figures from a recent study suggest that there are now 20,000
health and medical apps available to download from the major
onlineapp stores[7]. In order to validate the new metric, Python
was used to construct a simulated dataset with 20,000 "apps,"”
each with a random number of daily "uses' and a random
number of active "users." The values for Ajand Djwere
randomly distributed using a negative exponential probability
distribution; thisis a continuous probability distribution which
describes the time between events in a Poisson process (ie, a
process in which events occur continuously and independently
at a constant average rate [13]). This probability function was
chosen to reflect the decreasing probability of an app being both
widely used (A;) and used multiple times per day (D). The
probability distribution function for an exponential distribution
is shown in equation 2.

P(X)=Ae™(2)
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An iterative process was used to identify values for lambdain
order to identify suitable limits for the maximum number of
daily activities, and the maximum number of active users[14].
Thiswas determined to be 0.00001 and 0.4 for Ajand Dy, giving
maximum numbers of 1 million users and 30 uses per day,
respectively.

Temporal Stability of the App Usage Factor

In order to assessthe temporal stability of the AUF, the behavior
of asingle app was modelled asafunction of time. The strength
of the logarithmic component of the AUF isits ability to act as
a damping system to external ecosystem factors (eg, media
hype). The aim was to show that the AUF would not change
dramatically in response to these factors. In order to test this, a
series of external ecosystem factors would be applied to the
simulation to observe how the AUF changed. Key criteria for
the simulation were as follows:

1. Dycalculated to be arandom float value between minimum
and maximum values of Dy(Dy ynand Dy wmax. respectively)
according to auniform probability distribution each day

2. Acalculated to increase/decrease by x users each day, where

x is a float value determined by a uniform probability
distribution between minimum and maximum values of Ay (A

minand Ay wax, respectively)

3. AUF calculated according to values of Ajand Dy,as described
by the metric and modelled as a function of time for a period
of 2 years.

Specific functions were applied to the model, which intended
to simulate the following external app ecosystem events: initial
market launch, positive media publicity, negative media
publicity, and app/operating system updates. The AUF for the
simulated app was then plotted as afunction of time to analyze
temporal behavior. The valuesfor initial Ay(Ay inimiaL)s Auming
Ay max: Dy minand Dy yaxfor each external ecosystem event
are shown below in Table 3.
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Table 3. Initial data used to model the characteristics of the AUF as a function of time for a single mobile app.

External ecosystemevent  Day number Aumin? A uMAX " Dy MIN®-DU MAX®
18(No. of usersinitially set

Initial market launch at 50) -50 50 10-20

Daily market fluctuation All days other than those -50 50 10-20
below

Positive media publicity 100-110 50 500 10-20

Negative media publicity 350-360 -500 50 10-20

App version/operating sys- 501f(N0. of usersreset to

tem update 500) -50 50 10-20

Users upgrade to latest ver-  500-650 -20 250 10-20

sion

8Range for minimum number of active users of amobile app (AU MIN)-

bRange for maximum number of active users of a mobile app (AU MAX)-

®Range for minimum median number of daily uses of an app (Dy MIN)-

dRangefor maximum median number of daily uses of an app (Dy MAX)-

Clnitial number of active users of amobile app (Ay |NITIAL) on day 1 (initial market launch)=50.

fat day 501, the number of active users was reset to 500 to simulate app version/operating system update.

remains stable (ie, AUF > 0) provided A;x Dyjis greater than
1. It is reasonable to assume that if Ayx Dywere less than 1,

Stability of the App Usage Factor asa Function of then the specific app would be rarely used, if at all. In practical
AUand DU terms, this relates to a scenario where an app is used regularly
once amonth by 50 people or less, which was deemed to be an
acceptable minimum standard.

Results

The results of our model shown in Figure 1 highlight the value
for AUF (contour lines) as afunction of Ajand Dyy. The metric

Figure 1. A contour plot illustrating the stability of the app usage factor as a function of Au and Du, including determination of metric limits.
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with an independent, randomly assigned A and D,. The AUF

S'm‘_“ated App Ecosystem Mode o ) was then calculated and plotted as a histogram against frequency
The input data can be seen on the left in Figure 2, with the 55 shown in Figure 3. As a result of the logarithmic scaling
relative frequency of both Ayand Dyplotted as histograms on tactor, each unit increase in AUF represents a factor of 10 for
the right. Each data point represents an individual mobile app  impact on the population, similar to the Richter scale.
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Apps with a similar AUF can be considered to have a seeninFigure3. Theinterquartilerangefor AUF was calculated

comparable population to be 4.45 to 5.45. The mean AUF was 4.90, with the standard

impact

to each other, while

simultaneously giving a useful indication of the scale of users
affected (see Table 4). Distribution of the sample results can be

Figure 2. A combined scatterplot (input data, Ieft) and histogram (relative frequency of both Au and Du, right) showing the initial sample dataset of
20,000 mobile medical apps.
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Figure 3. A histogram showing the frequency distribution of the app usage factor for the sample dataset of 20,000 simulated mobile medical apps,

including mean and standard deviation for the data.
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Temporal Stability of the App Usage Factor

Thetemporal simulation shown in Figure 4 showsthat the AUF
will tend toward a relatively stable state despite market
perturbations. Minor daily fluctuations in Ajand Dyare
effectively dampened by the addition of the logarithmic factor.
Tempora simulations carried out without the logarithmic factor
show an increased sensitivity to small changes in Ajand Dy,
which lead to an overall decrease in stability over time. Our
simulations suggest that there is a lag time present between a

http://www.jmir.org/2015/8/e200/

RenderX

AUF

major app ecosystem perturbation and the corresponding change
in AUF. Thisislikely to represent the time taken for information
to reach the affected user base and is therefore dependent on
the number of users and the magnitude of the market
perturbation. It followsthat asmall market perturbation affecting
a small number of users is unlikely to significantly affect the
AUF. On the basis of this simulation, it is appropriate to delay
measuring AUF for 30 days after any minor market perturbation
and 80 to 100 days after a large market perturbation (eg, app
launch, operating system update).
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Figure 4. A graph showing app usage factor as a function of time for a single mobile app which is subject to a number of simulated app ecosystem

events.
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Discussion

Meritsand Limitationsof the App Usage Factor Metric

Use of the AUF as a metric to assess the popul ation impact of
a mobile medical app has many potential benefits for health
care professionals, devel opers, and regulators alike. People who
use thismetric should be able to make acomparison of the AUF
with real-world usage of aparticular app, ascan beseenin Table
4.

The biggest limitation of this metric is obtaining the two key
pieces of information: How many active users there are (Ay)
and how many timesaday theapp isused (D). It isnot possible
to accurately calculate the AUF without approximate figures
for these variables. ldentification of Ajand Dycould be
facilitated through the following means:

1. Voluntary release by app developers/app store companies to
an independent body where possible, perhaps as part of a
self-certification process. The AUF could be calculated by
developers and release of this data does not in itself release
confidential information.

2. Compulsory release as part of aformal regulatory process,
for example, to gain Food and Drug Administration (FDA)
regulation approval.

3. Survey of atarget population with subsequent dataextraction
and extrapolation of log files associated with app usage.

There are a number of further considerations of the app usage
factor for risk assessment of mobile apps, particularly when
utilizing AUF to estimate population impact of an app.

http://www.jmir.org/2015/8/e200/
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Risk-based regulatory models such asthose utilized by the FDA
[15] and the Medicines and Healthcare products Regulatory
Agency (MHRA) [16] could potentially target appswith ahigh
AUF (ie, a large population impact) purely on the basis of
potential negative impact to a population, as suggested in the
red highlighted area in Figure 3. Previous risk assessment
analysis of mobile apps identified that approximately 0.5% of
apps require thisformal regulatory assessment. In our opinion,
it is therefore reasonable to identify the apps which have the
highest population impact and assess their safety on a
case-by-case basis. | dentification of these appsisaccomplished
by identifying all appsthat fall more than 2 standard deviations
from the mean AUF. In our sample data, this equated to 82 out
of the 20,000 simulated apps, afeasible proportion of 0.41% of
the apps which could require assessment pending formal
regulation; these are highlighted in red in Figure 3. In our
simulation, this equates to an app with an AUF greater than
6.46.

A limitation of the AUF in estimating the potential risk of a
mobile app is when the number of active usersis high within a
potentially small user base. Thisisillustrated by the following
thought experiment. A potentially harmful app used regularly
once a day by 600 users out of a population of 800 users has a
higher chance of causing harm to this user group than the AUF
of 2.8 for this scenario alone would suggest. This thought
experiment confirms that the AUF is a measure of population
impact and there are several contextual and other factors that
contribute to overall risk posed by a medical app [2].
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Table 4. Equivalent population impact of an app based on its corresponding AUF.

Equivalent active user daily actions (Ay®x DUb)

App usage factor (AUF)

6 1,000,000
5 100,000
4 10,000

3 1000

2 100

@Number of active users of amobile app (Ay).

BMedian number of daily uses of an app (Dy)-

Conclusion

A key component when assessing app risk and potential harm
isunderstanding the potentia population impact of each mobile
app. Our new metric would have many potential usesfor awide
range of stakeholders in the app ecosystem, including users,
regulators, developers, and hedth care professionals.
Furthermore, this metric forms part of the overall estimate of
risk and potential for harm or benefit posed by a mobile medical
app [2]. We developed and explored the characteristics of a
novel but simple, easily calculated metric to assess the likely
population impact of amedical app using a sample database of
20,000 apps modelled using a computer simulation. This

modelling showed that our proposed metric, AUF, remained
stable over time and at extremes of user numbers and daily
usage rates, thereby confirming its suitability for further testing
in a health care context. We are confident that using this metric
will help the population impact of aspecific app to be estimated
and compared with similar apps. It is important to note that
AUF forms but one component of the overall risk and harm
potential posed by a specific app. Users should take the AUF
into consideration alongside inherent and external risk factors
when deciding whether to use an app in clinical practice. For
now, the next stage in the validation processis to calculate the
app usage factor for anumber of health and medical appsusing
actual usage and population data.
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Abstract

Background: The rapid spread of Web-based social media in recent years has impacted how patients share health-related
information. However, little work has studied the demographics of these users.

Objective: Our aimwasto study the demographics of userswho participate in heal th-rel ated Web-based social outletsto identify
possible links to health care disparities.

Methods: We analyze and compare three different types of health-related social outlets: (1) general Web-based social networks,
Twitter and Google+, (2) drug review websites, and (3) health Web forums. We focus on the following demographic attributes:
age, gender, ethnicity, location, and writing level. We build and evaluate domain-specific classifiers to infer missing data where
possible. The estimated demographic statistics are compared against various baselines, such as|nternet and social networks usage
of the population.

Results: We found that (1) drug review websites and health Web forums are dominated by female users, (2) the participants of
health-related social outlets are generally older with the exception of the 65+ years bracket, (3) blacks are underrepresented in
health-related social networks, (4) users in areas with better access to health care participate more in Web-based health-related
social outlets, and (5) the writing level of usersin health-related social outletsis significantly lower than the reading level of the
population.

Conclusions: We identified interesting and actionable disparities in the participation of various demographic groups to various
types of health-related social outlets. These disparities are significantly distinct from the disparities in Internet usage or general
social outlets participation.

(J Med Internet Res 2015;17(8):€194) doi:10.2196/jmir.4308
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online social media; demographics; health forums; health care disparity; drug reviews

Introduction

Background

Social media have been employed in many industriesto engage
consumers. The health careindustry has moved at aslower pace
in incorporating social media because of inherent risks such as
patient privacy, but recently this rate hasincreased to fulfill the
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consumers’ needs [1]. Moreover, some companies use socia
mediato provide their employeeswith wellnessvideosin order
to cut their health care costs [2].

At the sametime, health care disparity isawell-studied problem
in which two population groups receive unequal services [3].
This problem has been analyzed across various dimensions
relating to socia determinants in health, including education
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and income, environmental hazards, and health outcomes such
as mortality, morbidity, and behavioral risk factors [4].
However, health care disparity has not been studied in terms of
social media participation. Thisisimportant as I nternet access
and participation in health communities has the potential to
improve health outcomes [5]. Hence, understanding the
demographics of social outlets, which isthe focus of this paper,
may shed light on another facet of health care disparity.

To cover different types of Web-based social outlets, we
collected data from three types of sources: (1) general
Web-based social networks, namely Google+ and Twitter, (2)
drug review websites, and (3) health Web forums. We measure
the following demographic attributes: age, gender, ethnicity,
location, and writing level. Unfortunately, much of this
information is unavailable for some, or al, of the sources. For
that, we built and evaluated three classifiers for gender,
ethnicity, and writing level. User nameswere used for the gender
and ethnicity classifiers. Writing level for users was calculated
using modified reading level formula to ignore very long
incomprehensible sentences. To extract the location of a post,
we use a geocoding application programming interface (AP1).

Related Work

Analysis of Health-Related Social Outlets

Many researchers have explored the eff ectiveness of Web-based
social media in changing and improving the communication
between providers and patients. According to Kaneet a [6], 60
million Americans are using Health 2.0 applications, that is,
socia networks focused specifically on health care. Further,
approximately 40% of Americans find an opinion in social
media is more trustworthy if it conflicts with a professional’s
opinion or diagnosis. Hackworth and Kunz [ 7] found that 80%
of American adults have looked onlinefor health-related topics.
Recently, there is increased interest in analyzing the
health-related content of social media[1]. Denecke and Nejdl
[8] analyzed medical concepts mentioned in medical social
media posts from different sources to differentiate between
informative and affective posts. They found that patients and
nurses tend to share personal experiences, while physicians
share health-related information. Lu et al [9] studied the content
of three disease-specific health communities and their
relationship to fiveinformative topics: symptoms, complications,
examination, drugs, and procedures. For example, users with
breast cancer are more likely to discuss examination, while users
with lung cancer are more likely to discuss symptoms. Wiley
et a [10] analyzed the content of Web-based socia media
related to pharmaceutical drugs across several dimensions,
including frequently mentioned diseases, keywords, and
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sentiment. While the aforementioned work examined
health-related social media and content, none of them studied
the demographics of the participating users, which isstudied in
this work.

Measuring and Estimating Demographics of Users of
Social Outlets

Survey-Based M ethods

In 2012, a Pew Internet Research study showed that women,
age 30-49, are more likely to participate in socia media
websites, where 75% of users are white [11]. eMarketer found
that 68.9% of Hispanics use social media compared to 66.2%
of thetotal population. Further, they showed that Hispanicsare
more likely to compare products online while shopping and
write reviews on products [12]. However, no research has
focused on health-related social media.

Classifier-Based M ethods

Mislove et a [13] built methods to estimate both gender and
ethnicity for Twitter users using the 1000 most popular first
names reported by the US Social Security Administration and
frequently occurring surnames reported by the 2000 US census.
Gender and ethnicity methods used the reported first name and
last name respectively. Mandel et a [14] analyzed the tweets
related to Hurricane Irene using Mislove's gender classifier.
We build on Mislove’'s work when creating our classifiers.
While we also classify gender using first names, we extended
these methods to screen nameswhen afirst nameisnot present.
A related work for estimating reading levels of the US
population [15] was presented to discuss limitations of low
literacy patients. We measured the writing level based on this
work since we did not encounter any similar work.

Methods

Datasets

Our analysis used data collected from three different types of
health-related social outlets: general social networks, drug
review websites, and health Web forums (Table 1 [16-23]).
Google+ and Twitter were chosen as general social networks
based on their popularity and number of users (we do not study
Facebook because it offers no public interfaces to access its
data). For drug review websites and health Web forums, three
websites were selected for each, where we considered their
breadth of topics and popularity. Figure 1 shows the overall
process of our analysis, and Table 1 showskey statistics of each
sourceincluding number of users, number of posts, and average
sentence length. More information about the sourcesincluding
start and end date is available in Multimedia Appendix 1.
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Table 1. Total number of users, posts, and average sentences length for each source.

Dataset Users, n Posts, n Average sentence length (in words)
TwitterHealth [16] 5,095,849 11,637,888 10.82

Google+Health [17] 86,749 186,666 9.03

Drugs.com [18] 74,461 74,461 13.85

DailyStrength/Treatments [19] 213,524 1,055,603 11.92

WebMD/Drugs [20] 122,040 122,040 13.53

Drugs.com/Answers [21] 201,126 5,948,877 6.59

DailyStrength/Forums [22] 165,045 1,128,629 132

WebMD [23] 155,912 320,118 15.37

Table 2 shows which of the sources provide data for each of
the five demographic attributes. Two demographic attributes
are not present in any source: ethnicity and writing level. We
therefore created methods to automatically classify these
attributes, along with gender for the sources where unavailable.
No indicates that the demographic attribute is not provided by

Table 2. List of all used sources with the available attributes.

the source. Yes indicates that the demographic attribute is
provided by the source. Each classifier uses a distinct part of
the user profile as denoted by the table footnotes. The writing
level classifier uses the Flesch-Kincaid measure based on all
users’ posts[24].

Dataset Age Gender Ethnicity Location  Writing level
TwitterHealth NO  Gender classifier® Ethnicity classifi ab Yes Writing level classifier
Googlet+Health Yes Yes Yes Writing level classifier
Drugs.com No  Gender classifier® No No Writing level classifier
DailyStrength/Treatments Yes Yes No Yes Writing level classifier
WebMD/Drugs Yes Yes No No Writing level classifier
Drugs.com/Answers No  Gender classifier® No No Writing level classifier
DailyStrength/Forums Yes Yes No Yes Writing level classifier
WebMD No  Gender classifier® No No Writing level classifier

8First name.

B_ast name.

CScreen name.

To filter health-related posts from Twitter and Googlet, we
built alist of 276 representative health-related keywords based
on five categories:

1. Drugs: First we obtained a list of the 200 most popular
drugs by prescriptions dispensed from RxList.com [25].
We then removed variants of the same drug (eg, different
milligram dosages) resulting in 125 unique drug names.

2. Hashtags: We selected 11 popular health-related Twitter
hashtags such as #HCSM (Healthcare Communications &
Social Media).

3. Disorders: We sel ected 81 popular disorders such as cancer
and Alzheimer.

4. Pharmaceuticals: We selected the 12 largest pharmaceutical
companies such as Pfizer.

http://www.jmir.org/2015/8/e194/

5. Insurance: We selected 44 of the biggest insurances such
asMedicare and Humana. A completelist of used keywords
can be found in Multimedia Appendix 1.

We used the Twitter streaming API [26], with these keywords
as filters, to obtain the relevant tweets for our TwitterHealth
dataset. Our Googlet+tHealth dataset was collected via the
Google+ API [27], where each heal th-rel ated keyword was used
asaquery to find relevant posts. For the drug review websites
and health Web forums, we built custom crawlersin Javausing
the jsoup [28] library for crawling and parsing the hypertext
markup language (HTML) content. For each source, we
collected the available data, including user information, posts,
disorder, or condition under which a discussion appears,
keywords, tags, etc. We emphasize that we collected only
publicly available data in accordance with each site’s terms of
use; no private data were collected.
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Figure 1. Overview of the data collection and analysis process.
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User Demographics Estimation M ethods

Overview

We chose five demographic attributes as shown in Table 2:
gender, age, ethnicity, location, and writing level. Since these
attributes are not available in every source, we created several
classifiers to derive missing attributes as specified in Table 2.
Note that we do not fill missing values of usersfor sources that
provide this information for at least some of their users, for
example, if a user does not provide their age in Googlet+, we
just ignore this user from the age-related analysis. Multimedia
Appendix 1 shows the percentages of users who report each
attribute in each source.

Gender
Four out of eight sources  (Google+Hedlth,
DailyStrength/Treatments, WebMD/Drugs, and

DailyStrength/Forums) allow users to report their gender (as
shown in Table 2). Approximately 80% of the users of these
sources chose to report it; thus, the reported gender was used
for these sources.

For the other sourceswhere gender is not available, we extended
the methods of Mislove et a [13] to classify gender using the
reported first name of users, if available; otherwise we extracted
first names from user screen names. Note that screen names
have not been used before, to the best of our knowledge, for
gender estimation. In particular, wefirst collected the 1000 most
popular male and femal e birth names reported by the US Social
Security Administration [29] for each year from 1935 to 1995.
Thus, we collected the names of people in 2014 aged 19-79
yearsold, which constitutes about 73.9% of the population [30].
There are 55,973 unique namesin total. We further filtered this
list to remove names with an aggregated frequency less than
10,000 or a discriminative gender probability less than 95%.
The resultant list contained 1328 names. For TwitterHealth and
Google+Health, we checked if one of these 1328 first namesis
contained in the user-specified name to classify the user's
gender. We first cleaned the first name by removing
non-alphabetical charactersand then performed case-insensitive
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string matching. Gender classifier evaluation is reported in
Multimedia Appendix 1; the accuracy rangesfrom 76% to 99%.

Age

Similarly, agewas also reported in four sources (GoogletHealth,
DailyStrength/Treatments, WebMD/Drugs, and
DailyStrength/Forums).Three sources display theageasasingle
number, whereas one source displays age asarange (eg, 35-45).
Approximately 61% of the users of these sources reported their
age. When users provide an agerange, thetotal number of users
for each rangeisdistributed uniformly to each year in therange.
Agesarethen grouped into five age groups: 0-17, 18-34, 35-44,
45-64, and 65 years and older. These age ranges are a so used
by the US census [31].

Ethnicity

The ethnicity of the usersis not reported in any of the sources
that we study; therefore, we created an ethnicity classifier similar
to Mislove et al [13]. The 2000 US census, which is the most
recent available, reports the distribution of ethnicities for each
last name (last names with less than 100 individuas were
omitted) [32]. For example, the distribution for Hernandez is
reported as 4.55% white, 0.38% black, 0.27% Asian, and
93.81% Hispanic. Wefiltered thislist to remove the last names
with a frequency less than 1000, or where the discriminative
probability of the majority ethnicity is less than 80%. We then
use the ethnicity with the majority probability to classify
ethnicity based on last name for sources that include the last
name of users (GoogletHeath and TwitterHealth). We
understand that race and ethnicity are not the same especially
when referring to Hispanics, but in this paper wetry to simplify
the presentation by only reporting ethnicity, that is, we do not
distinguish groups like white Hispanic versus black Hispanic,
but only Hispanic. For the other sources (health Web forums
and drug review websites), which do not have user names, we
found that using the screen name for ethnicity estimation is
inaccurate, and hence we do not report on the ethnicity of these
sources. Ethnicity labeling and classifier evaluation is reported
in Multimedia Appendix 1.
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Writing Level

Different methods and formulas for measuring readability are
available using different factors such as average number of
syllables per words, average number of words per sentences,
or average number of letters per words. In our work, we used
the Flesch-Kincaid Grade Level [16] formula to estimate the
writing level (values generally correspond to school grades
1-12) of the users:

Flesch-Kincaid Reading Age = (0.39 x ASL) + (11.8 x ASW)
—15.59, where ASL isthe Average Sentence Length, and ASW
is the Average number of Syllables per Word.

Note that since we can only observe the text authored by users,
wemeasure thewriting level and not thereading level; however,
we use the reading level formula since no aternative formula
for the writing level exists. The writing level of a user is
computed using the above equation by concatenating all of the
user's posts and personal description. Links and hashtags from
tweets are removed, and users with less than 100 words in total
are ignored. We found that very high reading level was being
assigned to users who write very long incomprehensible
sentences. Thisisacasethat was not considered by the original
Flesch-Kincaid reading age formula, which assumed that the
text is grammatically and syntactically correct (eg, the text of
anovel). For that, we omit sentences with more than 30 words.

Sadah et &

Results

Overview

To put our results in perspective, we compare them with other
general demographics statistics. The population and Internet
usage for each demographic group was obtained from the US
census [29,30], while other statistics for Twitter and Google+
came from other sources [11,33-35]. Further, we compare the
demographics of the users participating in heath-related
discussionson Twitter and Google+ to the overall demographics
of the users in these sites. All our results are statistically
significant, except the comparison between health Web forums
and drug review websites with respect to gender and age group
(0-17). Also, there is no significant difference between
Googlet+Health and drug review websitesfor age group (35-44).

Gender

As shown in Table 3 [11,30,31,33], the gender distribution in
the population and Internet usage is almost the same, and there
isadlight difference for general social networks. Our first key
finding isthat drug review websites and health Web forums are
dominated by femal e users; the number of femal e usersisamost
four times larger than that of male users. TwitterHealth and
Google+Health have similar gender ratios when compared to
the overall user base of Twitter and Googlet.

Thefinding that women use health forums much more than men
is partially supported by previous research, which shows that
women report ill health more frequently than men [36]. In
contrast, this is not true for Twitter and Google+, which are
dominated by news exchanges [37].

Table 3. Gender distribution for TwitterHealth, Google+Health, drug reviews, health forums, compared to other relevant populations.

Source Females, % Males, %
Population [30] 51.05 48.95
Internet Use [31] 51.63 48.37
Genera social networks [11] 54.68 45.32
Twitter [33] 57.00 43.00
Google+ [33] 37.00 63.00
TwitterHealth? 51.81 48.19
Google+Health? 35.36 64.64
Drug review websites? 78.48 21.52
Health Web forums® 78.41 21.59

#These resuilts are from this work. Resultsin the rows above are reported in the respective citations.

Age

Table 4 [30,31,34,38] reports the age distribution of usersin
the studied socia outlets and in other relevant sources, to put
theresultsin perspective. Age groupswere chosen based on the
US census. We therefore understand that the age ranges are not
equal, but since our main goal is comparing the demographics
of Web-based health-related social outlets to other statistics
such asInternet usage, we chose to follow the census age ranges
in computer and I nternet access. Further, we provide population

http://www.jmir.org/2015/8/e194/

distribution in the Table 4 to compare each group size with
others. One-fifth of Internet users are in the group 0-17; this
percentage dropsto approximately 1% for drug review websites
and health Web forums. The magjority of users on drug review
websites are between 45 and 64 years old, and drug reviews
have more users over 65 years than any other source; thisis
expected as older patients use more medications[39]. However,
the percentage of drug review users above 65 is dlightly lower
than the percentage of Internet users over 65, which meansthat
older people still have low participation in Health 2.0 sites.
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Also, the 18-34 age group dominates health Web forums, which
is congruent with general social networks usage [34]. To
summarize, our second key finding is that the participants of
health-related social outlets are generally older than those of

Sadah et &

genera-purpose socia forums, but still relatively low in the
65+ bracket. Thisisexpected to changein the near future based
on the participation statistics in the 45-64 bracket.

Table4. Agedistribution for Google+Health, drug reviews, health forums, and other relevant populations.

Source 0-17 years, % 18-34 years, % 35-44 years, % 45-64 years, % 65+ years, %
Population [30] 24.00 2311 12.93 26.53 13.44
Internet use [31] 19.30 27.55 14.99 28.36 9.80

Genera social networks [34] 14.58 2743 20.68 30.98 6.32
Googlet [39] 8.08 71.61 11.08 7.82 142
Google+Healtha 342 53.21 21.89 19.02 2.46

Drug review websites? 1.05 3113 22.36 36.84 8.62

Health Web forums? 1.03 39.80 25.81 28.95 4.41

#These results are from this work. Results in the rows above are reported in the respective citations.

Ethnicity

For the ethnicity and location analyses, we focus on the US
population, in order to compare to available US census statistics.
Table5[12,31,40,41] showstheresultsof our ethnicity analysis.

Recall that users' ethnicity in Google+Health and TwitterHealth
is classified using our last name-based classifier. Our third key
observation isthat blacks are underrepresented in health-related
social network discussions (Googlet+Health, TwitterHealth).

Table5. Ethnicity distribution for TwitterHealth, Google+Health, and other relevant populations.

Source Asian, % Black, % Hispanic, % White, %
Population [40] 4.5 12.2 15.8 65.1
Internet use [31] 55 11.7 139 67.2
General socia networks [12] 53 121 145 66.5
Twitter [41] N/A 9 12 71
TwitterHealth? 324 0.3 235 73.0
Googlet+Health? 5.6 0.3 174 76.6

#These results are from this work. Results in the rows above are reported in the respective citations.

L ocation

Location is reported in four sources: the two general socia
networks (TwitterHealth, Google+Health), one drug review
website (DailyStrength/Treatments), and one health Web forum
(DailyStrength/Forums); approximately 62% of users reported
their locations. For TwitterHealth and Googlet+Health, users
report their location using asinglestring (eg, “NY, NY”). Thus,
these strings are further processed to obtain structured locations
(eg, state: New York, city: New York). In particular,
non-alphanumeric characters and extra spaces were removed,
and location stringswith afrequency lessthan 14 were removed.
Thisleft uswith about 60% of TwitterHealth and Google+Health
users with location strings. Each location string was mapped to
a location (city, state, country) using the Google Geocoding
API [27]. We focus on US users, and hence we remove users
from other countries. DailyStrength/Treatments and
DailyStrength/Forums list the user’s city and state separately;
thus, we use the reported state for these sources.

In Figure 2, we show the distribution of users for each type of
Web-based health-related social outlet, normalized by state

http://www.jmir.org/2015/8/e194/

population. Panel A shows the distribution of users in health
Web forums, Panel B shows the distribution of users in drug
reviews websites, Panel C shows the distribution of users in
TwitterHealth, and Panel D shows the distribution of usersin
Google+Health combined.

To better understand these results, we created Table 6
[31,42-45], which showsthe correlation acrossall states between
the normalized (by population) number of users in various
health-related socia outlets and other societal measures (see
Multimedia Appendix 1 for moredetails). Our fourth key finding
is that users in areas with higher income and more access to
health care are more likely to participate in Web-based
health-related outlets, and particularly in Web forums and drug
review sites, which arethe primary socia sitesfor health-related
information sharing [10]. Further, we see that in Twitter and
Google+ the correlation with the number of physicians and
education ishigher. A reason could bethat 59.1% of the 878,194
US active physicians [42] participate in these networks [46],
which is a significant number, as the geolocated subsets of the
Googlet+Health and TwitterHealth datasets contain only 882,207
usersin the United States. The high correlation with education
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may be explained by the high percentage (91%) of Twitter users
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with college degree or higher [47].

Table 6. Correlation acrossall states between the normalized (per capita) number of usersfor each type of health-related social outlets, and each state's
population, normalized number of Internet users, normalized number of physicians, normalized number of uninsured patients, average annual income,

and percentage of population with college degree or higher.

Correlation Health Web Drug review TwitterHealth Googlet+Health Google+
forums websites

Internet usage [31] 0.19 0.28 0.01 -0.01 0.00

No. of physician [42] 0.37 0.19 0.88 0.80 0.44

Uninsured population [43] -0.40 -0.40 -0.17 -0.11 -0.10

Annual income [44] 0.38 0.27 0.17 0.25 0.26

Education (ratio of people with a college degree) [45] 0.35 0.22 0.56 0.63 0.54

Figure 2. Per state capita number of usersin (A) health web forums, (B) drug review websites, (C) TwitterHealth, and (D) Google+Health.
B.
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Writing Level

The writing level, as previously mentioned, is measured using
a standard reading level formulathat assigns a school grade to
the given text. For example, when a person writes text at a 5
grade reading level, it implies that their writing should be

understood by people that have passed the 5" grade. Table 7
reportsour resultsfor writing level of health-related social outlet

users. We see that Google+Health users have generally higher
writing level than the rest sources, which may mean that more
of the Googlet+Health users are professiona accounts.

Next, wetry to put these findingsin perspective. Unfortunately,
related work reports only on reading levels (and not writing
levels) of the US population participating in social outlets. Thus,
we compare our results in Table 7 to Figure 3, which reports
thereading level of the general US population [15].

Table 7. Writing level distribution for TwitterHealth, Google+Health, drug reviews, and health forums.

Source Age 0-5, % Age 6-9, % Age 10-16, %
TwitterHealth 37.77 51.09 11.13
Google+Headlth 6.45 55.63 37.91

Drug review websites 30.42 66.17 341

Health Web forums 28.79 68.24 2.98
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Our fifth key finding is that the writing level in health-related  health empowerment has been demonstrated before [48]. In an
social outlets (Table 7) isgenerally lower thanthereadinglevel  online epilepsy community, 59% of patients found another
of the population (Figure 3). Thus users/patients can easily patient experiencing the same symptoms, 58% had a better
comprehend the posts and hence benefit from the experiences  understanding of seizures, and 55% learned more about
of other users. The benefit of social interaction with respectto  treatments and symptoms.

Figure 3. Reading level of US population.
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- - compute only significance val ues between sourcesthat we have
Statistical Significance Tests analyzed and not between our sources and sources analyzed by

Tables 8 and 9 report the P values for Pearson’s chi-squaretest  other works (such as Google+ [38]), since we do not have the
of independence and the Mann-Whitney U test. Note that we raw data for those sources.

Table 8. P valuesfor Pearson’s chi-square test of independence.

Gender Age Ethnicity Writing level
TwitterHealth vs Google+Health <.001 N/A <.001 <.001
TwitterHealth vs Health Web forums <.001 N/A <.001 <.001
TwitterHealth vs Drug review websites <.001 N/A <.001 <.001
Googlet+Health vs Health Web forums <.001 <.001 <.001 <.001
Google+Health vs Drug review websites <.001 <.001 <.001 <.001
Health Web forums vs Drug review websites <.001 <.001 <.001 <.001
http://www.jmir.org/2015/8/e194/ JMed Internet Res 2015 | vol. 17 | iss. 8 [e194 | p.114
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Table 9. P valuesfor Mann-Whitney U test.
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TwitterHealthvs ~ TwitterHealth vs TwitterHealth vs Googlet+Heath vs Googlet+Health vs Health Web fo-
GoogletHedth Health Web forums  Drug review web- Heath Web forums ~ Drug review websites rumsvs Drug
Sites review websites
Gender
Male <.001 <.001 <.001 <.001 <.001 5797
Female <.001 <.001 <.001 <.001 <.001 5797
Age
0-17 N/A N/A N/A <.001 <.001 5144
18-34 N/A N/A N/A <.001 <.001 <.001
35-44 N/A N/A N/A .01661 7747 <.001
45-64 N/A N/A N/A <.001 <.001 <.001
=65 N/A N/A N/A .01066 <.001 <.001
Ethnicity
White <.001 <.001 <.001 <.001 <.001 1316
Black .6339 <.001 <.001 <.001 <.001 .0944
Asian <.001 <.001 <.01 <.001 <.001 .8054
Hispanic <.001 <.001 <.001 <.001 <.001 .6503
Writing level
0-5 <.001 <.001 <.001 <.001 <.001 <.001
6-9 <.001 <.001 <.001 <.001 <.001 <.001
10-16 <.001 <.001 <.001 <.001 <.001 .00516
Discussion pregnancy such asbirth control, ovulation, and miscarriage. On

Principal Findings
Our results can help health care providers customize educational
campaigns for different groups. For example, white women
should be informed to a larger extent on the possible
misinformation spreading in health Web forums, since they
participate much more.

Regarding mitigating ethnicity-based health care disparities,
we found that Twitter and Google+ are more effective in
reaching out to Hispanics about health care offerings. However,
thisis not true for black ethnicity, who are not overrepresented
in any health-related social outlet. This means that there is no
single outlet to reach black population, which has been shown
to receive worse health care by about 40% comparing to white
population [49].

Advertisers may use our results to decide on the best sites to
advertise their products; for instance, drug review websites are
more appropriate than Google+ to advertise drugsfor the 45-64
age bracket, but the opposite is true for the 18-34 age bracket.
Further, drug review websites and health Web forums are better
to target femal es when advertising for their products than other
health-related social outlets.

In the age results section, we found that younger groups (18-34
years old) participate in large numbersin health forums, which
may sound counterintuitive. By analyzing posts for this age
bracket, we found the most popular keywords are related to

http://www.jmir.org/2015/8/e194/

the other hand, their participation is lower for drug review
websites. A possible explanation may bethat often patientswho
talk about pregnancy are not taking any drugs, compared to
other conditions like diabetes, where drugs are more common.

We also attempt to explain the disparities in the participation
in health-related social outlets based on socioeconomic factors
through the state-level participation distributions. Our results
in Table 6 show that less access to physicians does not lead to
higher participation in health-related social outlets as onewould
expect. In contrast, it seemsthat the participation in such outlets
is correlated with the access to hedlth care and the average
income.

The weak but positive correlation between income and
participation to health Web forums and drug review sites may
be partialy attributed to the higher Internet usage of the more
affluent groups, as shown in Table 6. Another possible
explanation isthat lower income or uninsured persons are more
likely to be part of a community with health care disparities
[50].The positive correlation between education and
participation in hedth-related socia outlets, especially
Google+Health and TwitterHealth, may be partially explained
by the fact that people with college degrees arelesslikely to be
uninsured, since 10% of college graduates are uninsured,
compared to 40% of adults who have not graduated from high
school [51]. In addition, 60% of uninsured people are from
families with low incomes [51], and the group of people with
income lower than US 30K is the lowest group in terms of
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accessing health information [52], Hence, our results show that
people with low income have less access to health information.

On the other hand, we found that the content in health-related
socia outlets is easy to understand for almost all users, given
the low writing level. That is, the well-known health literacy
issue, which ismore severein low-income and lower education
populations [5], does not seem to apply to Web-based
health-related social outlets. Of course, the low writing level
does not address the issue of language, as many low income
and low education users in the United States do not speak
English at home [53].

Limitations

Our ethnicity and gender classifiers are not perfect, as shown
in Multimedia Appendix 1, and thusintroduce an error into our
analyses. Thisissueis less significant for gender, since out of
all usersincluded in our gender analysisfor health Web forums
and drug review websites, a majority of the users (over 94%)
report their gender, and hence the classifier was only used for
6% of users. Further, amajority of usersin drug review websites
and health Web forums are female, and our gender classifier
obtained an accuracy greater than 99% for females when using
ascreen name.

Another limitation isthe informal writing style of socia media
posts, as our writing level method uses the average sentence
length, which expects that posts are properly punctuated. We
addressed this limitation to some degree by only considering
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sentences of areasonable length (lessthan 30 words). Estimating
writing level could have been improved by considering other
features like typos or spelling mistakes. Further, it would be
useful to measure the quality of the posted information, in
addition to just the writing level. This is a challenging issue,
which we leave as future work.

Since all the attributes are reported by users, thereisinevitably
self-selection bias. In particular, gender, age, and location are
not mandatory in any site. For instance, older people may choose
not to report their age. Moreover, choosing to report the real
names or posting profile pictures could also create self-selection
bias in our gender and ethnicity classifiers. There may aso be
various types or degrees of bias across different outlets. For
instance, WebM D users may usetheir real namelessfrequently
than Twitter users. This in turn may bias the study results,
especialy for ethnicity where we depend completely on the
classifier results.

Conclusion

We studied user demographics in Web-based health-related
socia outlets, which we split into three different types: social
networks, drug review websites, and health Web forums. The
distributions of the demographic attributes—gender, age,
ethnicity, location, and writing level—have been analyzed for
each source type and compared with relevant baseline user
distributionslike Internet and general social outlets participation.
The results reveal interesting and often unexpected disparities
with respect to all demographic attributes.
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Abstract

Background: Evidence-based clinical practice guidelines (CPGs) are statements that provide recommendations to optimize
patient care for a specific clinical problem or question. Merely reading a guideline rarely leads to implementation of
recommendations. The American Academy of Neurology (AAN) hasaformal process of guideline development and dissemination.
The last few years have seen a burgeoning of social media such as Facebook, Twitter, and Linkedin, and newer methods of
dissemination such as podcasts and webinars. Therole of these mediain guideline dissemination has not been studied. Systematic
evaluation of dissemination methods and comparison of the effectiveness of newer methods with traditional methods is not
available. It is also not known whether specific dissemination methods may be more effectively targeted to specific audiences.

Objective: Our aimwasto (1) develop an innovative dissemination strategy by adding social media-based dissemination methods
to traditional methods for the AAN clinical practice guidelines “ Complementary and alternative medicine in multiple sclerosis’
(“CAM in MS") and (2) evaluate whether the addition of social media outreach improves awareness of the CPG and knowledge
of CPG recommendations, and affects implementation of those recommendations.

Methods: Outcomes were measured by four surveys in each of the two target populations: patients and physicians/clinicians
(“physicians’). The primary outcome was the difference in participants’ intent to discuss use of complementary and alternative
medicine (CAM) with their physicians or patients, respectively, after novel dissemination, as compared with that after traditional
dissemination. Secondary outcomes were changes in awareness of the CPG, knowledge of CPG content, and behavior regarding
CAM usein multiple sclerosis (MS).

Results: Response rates were 25.08% (622/2480) for physicians and 43.5% (348/800) for patients. Awareness of the CPG
increased after traditional dissemination (absolute difference, 95% confidence interval: physicians 36%, 95% CI 25-46, and
patients 10%, 95% CI 1-11) but did not increase further after novel dissemination (physicians 0%, 95% Cl -11to 11, and patients
-4%, 95% CI -6 to 14). Intent to discuss CAM aso increased after traditional dissemination but did not change after novel
dissemination (traditional: physicians 12%, 95% CI 2-22, and patients 19%, 95% CI 3-33; novel: physicians 11%, 95% CI -1 to
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-21, and patients -8%, 95% CI -22 to 8). Knowledge of CPG recommendations and behavior regarding CAM use in MS did not
change after either traditional dissemination or novel dissemination.

Conclusions: Social media-based dissemination methods did not confer additional benefit over print-, email-, and Internet-based
methods in increasing CPG awareness and changing intent in physicians or patients. Research on audience selection, message
formatting, and message delivery is required to utilize Web 2.0 technol ogies optimally for dissemination.

(J Med Internet Res 2015;17(8):€193) doi:10.2196/jmir.4414

KEYWORDS

information dissemination; social media; multiple sclerosis;, complementary medicine; medicine, complementary; therapy,
complementary; alternative medicine; aternative therapies; clinical practice guidelines; dissemination and implementation

Introduction

Evidence-based clinical practice guidelines (CPG) are statements
that assist clinicd decison making by providing
recommendations for optimizing patient care for a specific
clinical question. They are informed by a systematic review of
evidence and an assessment of the benefits and harms of the
evaluated care options [1,2]. Dissemination of CPG
recommendations is commonly undertaken by publishing the
CPG in apeer-reviewed journal, sending email or paper notices
to physicians, and advertising through news media outlets [3].

Thereisalarge amount of medical information available on the
Internet and social media. There is some evidence that social
mediaare useful for disseminating medical information, but the
quality and accuracy of information vary and may even be
misleading [4-22]. Specific to neurology, one report noted
accurate demonstration of the Epley maneuver for benign
paroxysmal positional vertigo on YouTube [23]. Web-based
tools and social media networks (eg, Facebook, YouTube,
LinkedIn, Twitter, Google+) have the potential to reach large
audiencesin ashort time span for rapid communication of CPG
recommendations [5]. In a recent survey by the Pew Research
Center, over two-thirds of Americansreported using the Internet
for health and fitness information [4]. This figure did not vary
substantially across demographic subgroups. However, thereis
scant research on the effectiveness of the use of socia media
platforms in dissemination and implementation of CPG
recommendations. The use of targeted approaches within social
media platforms to direct and focus guideline dissemination
efforts to specific populations has not been evaluated [24].

The American Academy of Neurology (AAN) has developed
CPGs since 1989 and has employed a formal dissemination
program since 1999 to raise awareness and enable
implementation of CPG recommendations. In this study, we
evauate the effectiveness of social media for disseminating
recommendations of the recently developed CPG,
“Complementary and alternative medicinein multiple sclerosis’
(“CAM inMS") [25]. Complementary and alternative medicine
(CAM) use is widely prevalent in 33-80% of patients with
multiple sclerosis (MS). These patients often do not discussthis
usewith their physicians[26-33]. A study of information sources
used by people with M S revealed that the Internet was the first
source of general health information in 73% and for M S-specific
information in 59% [34]. Becausethisisthefirst CPG on CAM
usein MS, we used it to study dissemination tactics, with special

http://www.jmir.org/2015/8/e193/

emphasis on social media use, to inform future dissemination
efforts for CPGs.

The specific aims of this study wereto (1) develop aninnovative
dissemination strategy by adding novel, social media—based
methods to traditional dissemination methods for the CPG
“CAM in MS’, (2) evaluate whether the addition of social
media—based methodsimproves CPG awareness and knowledge
of CPG recommendationsin thetwo target audiences of patients
and physiciang/clinicians (referred to herein as “physicians’),
and (3) evaluate whether the addition of social media—based
methods improves the implementation of CPG
recommendations. | mplementation in this context is defined as
the adoption and integration of evidence-based health
interventions to change practice [35].

Methods

Study Definitions and Design

Thiswas alongitudinal observational study, using quantitative
survey methods (AHRQ IR18HS022004-01; Grants.gov tracking
11129815). The study was determined to be exempt from the
need for ethical review and approval by the Committee on
Clinical Investigations, Beth Israel Deaconess Medical Center,
Boston. We have substantially complied with the Workgroup
for Intervention Development and Evaluation Research
(WIDER) recommendations for reporting research evaluating
behavioral interventions [36]. The intervention and
co-intervention were traditional and novel dissemination
methods, respectively, to disseminate the AAN CPG “CAM in
MS’. We defined traditional methods as dissemination using
print-, email-, and Internet-based methods. This included
publication of the CPG in Neurology, the official journal of the
AAN; issuance of anews release (electronic release and public
relations pitch to approximately 700 science and medical
reporters); development of clinician and patient summaries, a
clinical case example, and presentation dide set of CPG content;
news articles in AANnews, Neurology Today, and Neurology
Now (official publications of the AAN); and electronic notices
to 26,965 AAN members, consisting of all-member emails, an
AAN e-News announcement, and an announcement inthe AAN
quarterly Leadership Update and highlights of the CPG on
AAN.com.

We defined novel methods as dissemination through social
mediaplatforms. Theseincluded an audio podcast on Neurology;
videos for patients and physicians posted on YouTube, with
links to the CPG on AAN.com; and Facebook, Twitter,
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Linkedin, and YouTube digital advertising (where feasible,
targeted audiencesendorsing aninterestin CAM useinMSand
related termswere selected; Multimedia Appendix 1). For digital
advertisements, the research team treated two of the more
popular channels as primary (Facebook and Twitter) and two
as secondary (Linkedin and YouTube) for the purpose of
allocating funding over the 90-day dissemination period. Over
three periods of 30 days each, the team tested digital
advertisements across all four platforms, mixing and matching
written text (copy) and visua images, and eval uated the number
of impressions (the humber of times the advertisement was
“served”, or seen) for each advertisement. The goal wasfirst to
identify which copy would produce the most impressionsin the
first period and which image would product the most
impressionsin the second period, and then to promote the most
impactful copy and image for the final period. We aso held a
chat on Twitter in partnership with TIME Magazine, the National
Multiple Sclerosis Society (NMSS), and Beth | srael Deaconess
Medical Center in Boston between 12 noon and 1 p.m. Eastern
Time on August 28, 2014. A moderator led the Twitter chat by
asking questionsregarding general information about M S, what
treatments are available, what the evidence indicates, and where

http://www.jmir.org/2015/8/e193/
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future research should be directed. Informational emails were
sent during both traditional and novel dissemination periodsto
patient organizations (Multiple Sclerosis Association of
America, Multiple Sclerosis Foundation, NMSS). These emails
informed the organizations of the availability of the guideline
and patient summaries, provided links to the guideline, gave a
summary of the key guideline recommendations, and requested
their support in disseminating the guideline to their members.

The study design and timeline are summarized in Figure 1. We
assessed outcomes using survey questionnaires developed for
this study. We conducted four surveysin each of the two target
populations (physicians, patients). First, we conducted a
pre-dissemination survey 1 month before dissemination of the
CPG (Feb 2014). The CPG was then published in Neurology
inMarch 2014 and simultaneoudly disseminated using traditional
methods. Three months after traditional dissemination (June
2014), the guideline was disseminated using novel methods.
We conducted the second and third surveys, post-dissemination
survey-1 and post-dissemination survey-2, 1 month after
traditional (April 2014) and novel (July 2014) dissemination,
respectively. Finally, 6 months after traditional dissemination
(Sept 2014), we conducted post-dissemination survey-3.
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Figure 1. Timeline of dissemination (horizontal axis), CPG awareness, correct CAM knowledge, intent to discuss CAM, and behavior for patients and
physicians. Patient results are represented in the upper set of graphs, and physician resultsin the lower set. The horizontal axis representstimein months
and delineates the point of thetraditional and novel dissemination efforts and each of the 4 study surveys: pre-dissemination, post-traditional dissemination
(post-1), post-novel dissemination (post-2), the results 6 months after traditional dissemination (post-3), and combined results of &l post-dissemination
surveys. The vertical axisrepresentsthe percentage of respondents. The outcome variables (awareness, knowledge, intent, and behavior) are represented
by orange, blue, green, and maroon lines, respectively. Dotted lines indicate significant differences between the 2 surveys. The vertical bars represent
within-surveys comparison of unaware and aware respondents for each outcome variable. Starred boxes indicate significant differences.
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Study Population

The study participants were drawn from two populations:
physicianswho treated patientswith MS, and patientswith MS
| caregivers of patients with MS. We identified physician

http://www.jmir.org/2015/8/e193/
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participants from the AAN membership database using the
following criteria: neurologist or neurology advanced practice
provider with a focus in MS practice, residing in the United
States, aged <68 years, with mailing and email addresses, who
had not received an AAN survey in the prior 6 months. A
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random sample of 620 physicians was drawn from this
population for the pre-dissemination survey. For each
subsequent survey, physicians surveyed in the previous survey(s)
were excluded, and 620 physicians were randomly selected
from the remaining population.

Patient participants were identified from the database of
subscribersto Neurology Now, an official bimonthly publication
of the AAN for patients. Of 23,568 subscribers who
self-identified as interested in MS, 10,818 subscribers with
email addresseswere used asthefinal dataset. From this dataset,
200 patients were randomly selected for the pre-dissemination
survey. For each subsequent survey, patients surveyed in the
previous survey(s) were excluded, and 200 patients were
randomly selected from the remaining population.

Surveys and Data Collection

A team of investigators and survey methodologists devel oped
the surveys in accordance with the American Association of
Public Opinion Research evidence-based, best practices for
survey research [37] (see Multimedia Appendix 2 for survey
development methods and survey data collection procedure).
For patients, the surveys evaluated their knowledge and use of
CAM in general, the specific CAM therapies discussed in the
CPG, reasons for CAM use, and perceived efficacy of CAM.
We explored potential confounders: frequency of Internet use
and the presence of any disability interfering with Internet use.
Inthe physician surveys, we assessed knowledge, attitudes, and
behavior regarding CAM in MS.

Data collection was performed by the Dana-Farber/Harvard
Cancer Center Survey and Data Management Core, who used
DatStat [1lume. Survey responseswere assigned anumeric code
and were stored in a separate database without identifying
information.

Statistical Analysis

Outcome Measures

The outcome measures were achange in knowledge, intent, and
behavior, al with respect to CAM in MS. Knowledge of CAM
was assessed by six survey questions regarding the effectiveness
of magnetic therapy, oral cannabis extract, smoked cannabis,
ginkgo biloba, hyperbaric oxygen, and bee venom therapy, all
of which were discussed in the CPG. A 5-point ordinal scale
was used for responses (Multimedia Appendix 3). For analysis
of change in knowledge, we used the response to the question:
“Taking ginkgo bilobaorally is effective for improving memory
in people with MS’. Change in intent was defined as patients
intent to discuss CAM usewith their physiciansand physicians
intent to discuss CAM use with their patients. Change in
behavior was defined as patients' discussing CAM with their
physicians and physicians' recommending that their patients
start or stop any CAM therapy. General attitudes (beliefs and
views towards CAM in M S) were also explored.

The ordinal responses were collapsed into two categories: (1)
agree and somewhat agree, and (2) somewhat disagree, disagree,
and not sure. We believed that this question measured
knowledge most accurately because responsesto it wereunlikely
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to be biased by prior opinions as compared with responseslikely
to be elicited by the therapies assessed in the other questions.

The primary outcome was the difference in respondents’ intent
to discuss CAM for the two study populations (ie, physicians
and patients) with their respective patients/physicians, after
novel dissemination (post-dissemination survey-2) as compared
with that after traditional dissemination (post-dissemination
survey-1). Secondary outcomeswere (1) awareness of the CPG,
(2) knowledge of CPG recommendations, (3) behavior regarding
CAM use in MS (these three outcomes were measured at
baseline, ie, pre-publication/dissemination, and after the two
dissemination periods, traditional and nove, ie, between-surveys
differences), and (4) knowledge, intent, and behavior, measured
in CPG-aware physicians and patients. All four outcomes were
compared with those unaware of the CPG, within each of the
four surveys (ie, within-survey differences). Because behavior
changes take time and may not be captured in the time frame
of this study and because knowledge may not trandate into
action, we selected intent to change a priori as a surrogate
outcome of behavior. The underlying framework for this choice
is the Theory of Planned Behavior that is used to predict
behavioral intention and behavior. Intention leads to behavior
when attitudes are strong and perceived behavioral control is
high [38].

Sample Size Estimations

Physicians

Assuming a 10% responder rate per survey and a 20% change
inintent asclinically important, we surveyed 620 physiciansin

each of four surveysto obtain 62 responses, for an 80% chance
(B) of detecting thisdifference at asignificancelevel alpha=.05.

Patients

Assuming a 20% responder rate per survey and a 10% change
in intent as clinically important, we surveyed 200 patients in
each of four surveysto obtain 19 responses, for an 80% chance
(B) of detecting thisdifference at asignificancelevel alpha=.05.

Data Analysis

Asthe measure of effect, we used the absol ute difference (AD)
between surveysin the proportion of respondentswho (1) were
awvare of the CPG, (2) had correct knowledge of the
recommendations discussed in the CPG, (3) endorsed intent to
discuss CAM use in MS, and (4) endorsed a recent behavior
change regarding CAM use. Secondary analysis stratified
respondents within each survey into CPG-aware and
CPG-unaware groups. We compared intent, knowledge, and
behavior of respondentsin CPG-aware and CPG-unaware groups
(within survey differences). Precision was measured with 95%
confidence intervals (Cl). We did not adjust for multiple
comparisons for the secondary outcomes.

Results

Dissemination Efforts

The results of the traditional and novel dissemination efforts
are summarized in Multimedia Appendix 4.
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Results of Surveys

We surveyed a total of 2480 physicians (620 per survey) and
800 patients (200 per survey) across four surveys. The total
responserate acrossall four surveysfor physicianswas 25.08%
(622/2480), and for patients was 43.5% (348/800), over twice
our predicted rate, and was stable across al four surveys
(physicians 23-27%, patients 42-45%) (Table 1). Approximately
equal numbers of participants responded to mailed (paper)

Narayanaswami et a

surveys and email surveys (mailed survey responses: physicians
52-60%, mean across surveys 55%; patients 47-54%, mean
across surveys 50.5%). Response rate denominatorsto individual
questions may vary sightly because of incomplete responses.
There was no substantial difference between respondent and
nonrespondent physicians acrossthe surveysin age or sex (Table
1). Comparison of patient respondents to honrespondents was
not possible, as demographic datawere not availablefor patients
from the Neurol ogy Now database.

Table 1. Characteristics of surveyed patients and physician (95% confidence interval rounded to nearest whole percent).

Physicians, % (95% Cl) Patients, % (95% CI)
Sampled, n 2480 800
Responded, n 622 348
Age

Age sample years, mean (SD) 52.0 (9.4)

Age respondents years, mean (SD) 52.1(9.8)2 54.8 (11.7)
Women

Sampled 31.4 (30-33)

Respondents 34.4(31-38)° 80.2 (76-84)
White 74.4 (71-78) 86.8 (83-90)
Internet use <daily 4.7 (3.3-6.6) 25.6 (21-30)
Practice >15 years 61.9 (58-66)

Care for >50 patients with MS 57.4 (54-61)
University-based practice 21.1(18-24)
Ever recommend any CAM 79.6 (76-83)
MS duration >10 years 56.3 (51- 61)
College diploma 55.4 (50- 61)
Walking without assistance 56.1 (51-61)
No difficulty with hand use 43.9 (38-50)
Normal vision 49.2 (44-55)
Ever used any CAM 70.9 (66-76)

Difference in mean age between sample and respondents with 95% CI -0.1 years, -0.93 to 0.73.
PDifferencein percent women between sample and respondents with 95% CI 3%, -1.1to 7.2.

Demographics and General Attitudesto
Complementary and Alternative Medicinein MS

Physician Respondents

The mean age (standard deviation) was 52.1 (SD 9.8) years
(range across surveys 50.7; SD 10.3 to 52.2 years; SD 9.7).
Over athird (199/578, 34.4%; range across surveys 31-38%)
were women, and three-quarters (445/598, 74.4%; range
69-82%) were white. The practice focus was 31.7% (185/583)
group practice, 21.4% (123/583) university-based practice,
18.7% (109/583) solo practice, and 17.0% (99/583)
multispecialty practice, and the remaining were in health
maintenance organization (HM O), government, or other practice
types. A total of 62.1% (362/583) of physicians had been in
practice for >15 years, and 12.5% (73/585) for <5 years. Over
half the physicians (337/587, 57.4%) were treating more than

http://www.jmir.org/2015/8/e193/

50 patients with M S, and almost all (572/600, 95.3%) used the
Internet daily (Table 1).

Approximately half the physiciansreported routinely discussing
CAM with their patients (307/598, 51.3%, range across surveys
48-56%). Very few (23/607, 3.8%; range 1-6%) reported being
unaware of CAM use in their patients, and 79.6% (483/607) of
physicians said they recommended some form of CAM to their
patients (range 76-83%). Yoga (total 385/607, 63.4%, mean
across surveys 61%), massage therapy (total 417/607, 68.7%,
mean 52%), and acupuncture (total 408/607, 67.2%, mean 51%)
werethe CAM therapiesthat physicians considered most useful.
Physicians were also most likely to recommend these three
CAM therapies (mean across surveys massage 49%, yoga 48%,
acupuncture 47%). Half (313/607, 51.6%) of the physicians
reported that their patients used marijuana, but only 6.9%
(42/607) stated that they would recommend it.
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Patient Respondents

The mean age was 54.8 (SD 11.7): range across surveys 54.2
(SD 12.2) to 55.6 (SD 11.6) years. A total of 80.2% (243/303;
range 75-87% across surveys) were women. Three-quarters
(236/317, 74.4%, range 68-83%) used the Internet daily, and
only 9.5% (30/317; range 8-11%) used the Internet once aweek
or less. Some disability in use of the Internet was reported by
just under a quarter (68/312, 21.8%; range 18-28%). Over half
the patients reported M S duration of >10 years (171/304, 56.3%;
range across surveys 53-60%). MS duration was <5 years in
16.8% (51/304; range 14-19%), 55% (range 48-62%) had at
least a college diploma (college diploma: 82/221, 37.1%; some
post-graduate education; 28/275, 10.2%, post-graduate diploma:
58/245, 23.7%), over half (169/301, 56.1%; range 49-67%)
were ambulatory without assistance, half (148/301, 49.2%;
range 37-56%) had normal vision, and under half (133/303,
43.9%,; range 34-47%) had no difficulty with use of their hands.

Across surveys, 67.7% (212/313) of patient respondents had
heard of CAM (55/79, 70% in the pre-dissemination survey;
49/77, 64%, 46/80, 58%, and 62/77, 81% in the three
post-dissemination surveys, respectively) (Table 1). The most
common therapies patients reported discussing with their
physicians were acupuncture (26/233. 11.2%), dental amalgam
removal (21/233, 9.0%), and bee sting therapy (16/233, 6.9%).

Comparison of Results of Pre-dissemination,
Post-Traditional Dissemination, and Post-Novel
Dissemination Surveys

Awareness of the clinical practice guideline
“Complementary and Alternative Medicine in Multiple
Sclerosis’

In the pre-dissemination survey, 31.3% (45/144) of physicians
were aware of aguidelineon CAM in MS. In physicians, there
was a significant increase in awareness of the CPG after
traditional dissemination (pre-dissemination survey Vs
post-dissemination-1 survey, awareness AD 36%, 95% ClI
25-46%). Although the heightened awareness of the CPG
persisted after novel dissemination, there was no further increase
in awareness after novel dissemination (AD post-dissemination
-1 vs post-dissemination-2 surveys -7%, 95% CI -18 to 4)
(Figure 1).

Only 0.1% (1/76) patients was aware of the upcoming CPG in
the pre-dissemination survey. There was a statisticaly
significant increase in awareness of the CPG after traditional
dissemination that did not change after novel dissemination,
although the absolute number of aware patients was small (AD
pre-dissemination vs post-dissemination-1: 10%, 95% Cl 1-11,
post-dissemination-1 vs post-dissemination-2: -4%, 95% Cl -6
to 14).

I ntent to Discuss Complementary and Alternative
Medicine

The intent to discuss CAM (for physicians, with their patients
with MS, and for patients/caregivers, with their physicians)
increased significantly in both groups after traditional
dissemination (AD pre-dissemination vs post-dissemination-1:
physicians were 12%, 95% CI 2-22, patients were 19%, 95%
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Cl 3-33). Our primary outcome measure did not change: the
proportion of either patients or physicians reporting an intent
to discuss CAM did not increase after novel dissemination as
compared with that after traditional dissemination (AD
post-dissemination- 1 vs post-dissemination-2: physicianswere
-11%, 95% ClI -1 to -21, patients were -8%, 95% Cl -22 to 8).

Stratified analysis of the differences in intent between
CPG-aware and CPG-unaware respondents within each survey
reveal ed that awareness of the CPG was not associated with an
increase in physicians' reporting of an intent to discuss CAM
with their patients (intent change, physicians, AD aware vs
unaware, al surveys: 4%, 95% Cl -5to 13). CPG-aware patients
in post-dissemination surveys were also not significantly more
likely to report an intent to discuss CAM with their physicians
(intent change, patients, AD awarevsunaware, all surveys: 9%,
95% ClI -14 to 28). However, due to the small number of aware
patients, the precision of the estimated differenceislow.

Knowledge of Clinical Practice Guideline
Recommendations

Correct knowledge of the recommendations discussed in the
CPG did not significantly changein either physiciansor patients
after traditional or novel dissemination as compared with
pre-dissemination (physicians AD pre-dissemination vs
post-dissemination-1: 4%, 95% CI -7 to 15; post-dissemination-1
vs post-dissemination-2: -6%, 95% Cl -16 to 5; patients AD
pre-dissemination vs post-dissemination-1: -2%, 95% CI -13
to 8; post-dissemination-1 vs post-dissemination-2; -4%, 95%
Cl -14t0 6).

Inthe stratified analysis, physicianswho were aware of the CPG
had better knowledge of CAM than physicians who were not
aware of the CPG (knowledge change, physicians, AD aware
vs unaware, al surveys. 24%, 95% Cl 15-33). Patients who
were aware of the CPG did not have significantly better
knowledge than those who were not aware (knowledge change,
patients, AD awarevsunaware, all post-dissemination surveys:
5%, 95% ClI -6 to 27). However, because of the small number
of aware patients, the precision of this estimateislow.

Behavior With Regard to Complementary and Alternative
Medicine Therapies

The number of physicians who had recommended that their
patients stop or start using any CAM therapy did not change
significantly after either traditional or novel dissemination as
compared with pre-dissemination; that is, there was no change
in behavior (behavior change AD pre-dissemination vs
post-dissemination-1: 5%, 95% CI -4 to 14; post-dissemination-1
Vs post-dissemination-2: -6.4%, 95% CI -16 to 3). Across all
surveys, physicians who were aware of the CPG made
recommendations more frequently regarding the use of CAM
therapies as compared with CPG-unaware physicians (AD
physicians making recommendations, aware vs unaware, all
surveys: 13%, 95% Cl 6-21).

There was no significant increase in the proportion of patients
who reported having recently discussed CAM with their
physicians following traditional or novel dissemination
(behavior  change, patients, pre-dissemination  vs
post-dissemination-1, AD: 10%, 95% ClI -6 to 26;
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post-dissemination-1 vs post-dissemination-2: 1%, 95% Cl -14
to 15). However, across al surveys, CPG-aware patients were
more likely to have discussed CAM with their physicians (AD
patients, aware vs unaware, all surveys: 23%, 95% Cl 1-44).

Discussion

Diffusion and Dissemination

The term diffusion is used by some authors to describe the
distribution and unaided adoption of information, whereas
dissemination refersto amore active process of communication
to improve knowledge [39]. Other authors use the terms
synonymously. Dissemination is defined as “the purposive
distribution of information and intervention materials to a
specific public health or clinica practice audience”
Dissemination research studies how “information about health
promotion and care interventions is created, packaged,
transmitted, and interpreted among important stakeholder
groups’ [40]. It is recognized that there is a gap between CPG
devel opment and the delivery of carein practice. Merely reading
aCPG rarely leadsto implementation of recommendations[39].
Active, effective dissemination of CPG recommendations to
end usersis essential for optimizing care delivery.

Principal Results

In this study, about a third of the physicians were aware of the
“CAM in MS’ CPG before publication and dissemination, and
almost three-quarters reported recommending CAM therapies
in the pre-dissemination survey. Our traditional dissemination
methods (print, email, and Internet) were successful in
increasing awareness of the CPG in physicians and patients.
Overall awareness of the CPG was low in patients despite a
statistically significant increase between pre-dissemination and
post-traditional  dissemination. Traditional dissemination
methodswere also effectivein increasing intent to discuss CAM
in both physicians and patients. Despite increased awareness
of the CPG, knowledge did not change in physicians across
either dissemination method, although an increase in knowledge
was noted in CPG-aware physicians as compared with those
unaware of the CPG. Knowledge also did not changein patients
with either dissemination method, regardless of whether they
were aware of the CPG. A significantly greater proportion of
CPG-aware physicians and CPG-aware patients reported
discussing CAM use with their patients and physicians,
respectively, across all the post-dissemination surveys (behavior
change).

The lack of change in knowledge among physicians could be
due to a ceiling effect in an already enriched population of
physicians with interestsin CAM and M S and a high baseline
level of knowledge of thetopic. For patients, thelack of increase
inknowledge may have resulted from the overall low awareness.
However, knowledge was no different in patients who were
aware of the CPG and those who were unaware. It is difficult
to draw any conclusions given the small number of aware
patients. It is intriguing that intent changed in the absence of
increased knowledge. Perhaps the questions used to capture
knowledge of the CPG were not directly relevant to intent,
which was broadly defined as intent to discuss CAM or intent
to start/stop any CAM.
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To our surprise, despite an apparently successful dissemination
effort using novel mediaas measured by the reach of Facebook,
Twitter, YouTube, and Linkedin, there was no additional
increasein awareness, intent (our primary outcome), knowledge,
or behavior in either physicians or patients after social media
dissemination efforts as compared with traditional methods.
We used targeted advertising to try to reach audiencesinterested
inMSand CAM, and we cast afairly wide net. The reasonsfor
apparent lack of effectiveness of social mediaascompared with
traditional dissemination methods merit further study but may
be related to several factors. First, the CPG may have been
considered “old news’ when disseminated through social media
because traditional dissemination had already saturated the
target audience. However, this does not fully explain the large
numbers of “hits’ that the CPG received on multiple social
media networks. Second, despite the fact that the CPG received
wide attention through social media advertising, the audience
did not follow through by clicking the links to the CPG, and
hence, did not remember the CPG or its contents. Third, the
respondents of the surveys may not have been users of social
media. Finally, social media may not be a useful tool for
disseminating CPG recommendations. In a previous study, a
social media marketing campaign on public awareness of
hypertension did not change knowledge among participants,
and the authors suggested that the target of dissemination efforts
should be medical professionals in order to increase patient
awareness at the point of care [41].

Limitations

Because of the lack of availability of demographics between
patient respondents and nonrespondents, we could not evaluate
potential confounders. We chose a* between-participants’ design
rather than a“within-participants’ design to avoid the learning
and bias that would be expected in seria surveys of the same
respondents. Although a comparison of respondents across
surveys did not reveal significant differences (data not shown),
a difference cannot be excluded with certainty, with resultant
effects on our outcome measures.

Finally, contamination between traditional and novel methods
cannot be excluded, as we did not have any control over how
the CPG, when published, would be shared by the target
audience. It is possible that contamination may explain some
of the lack of effect of social media. We al so recognize that our
physician population was an inherently enriched one. An
alternative study methodol ogy may be to use amore controlled
setting than the real-world setting that we studied. This could
potentially be done with a pre- identified study population
randomized into two cohorts of traditional dissemination and
socia media dissemination, with instructions to access the
information only through the dissemination method to which
they were randomized. However, this would also have
limitations, including those of an artifactual setting that may
not reflect real-world results. As part of traditional
dissemination, a news report of the CPG was published in
Neurology Now. Because the patient respondents were chosen
from the subscriber database of this publication, it is possible
that we may have enriched our patient population as well.
However, we saw only dlight increases in awareness after
traditional dissemination, suggesting that patient participants
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may not have been enriched. A problem that the AAN
anticipated was the ability to control the conversation and the
perception of the news media interpretation of the
recommendation for use of cannabis extracts. AAN'’s
communications team works with trusted media reporters to
promote accurate messaging of the CPG recommendations, to
minimize misrepresentation of the evidence, but recognizesthat
thisis not fool proof.

Conclusions

Our results are important in planning future dissemination
efforts. Although we did not detect a difference in the
effectiveness of the social media—based interventions as
compared with thetraditional methods, social mediawere useful
in reaching large numbers of the public. We are planning
subgroup analysesthat may inform future targeted dissemination
efforts to those populations that use social media most
effectively. The diffusion of innovations model by Rogers is
often utilized in disseminations research [42], and it has been
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suggested that social media platforms such as YouTube,
integrated into these models, may be useful [43]. Theterm “Web
2.0” has been applied to the interactive Internet experience of
today [44]. Access, relevance, and credibility have been
described as the three critical criteria in using Web 2.0
technologies for dissemination [45]. Partnerships with
commercia technology companies, utilization of rapid and
adaptive designs to identify successful strategies for user
engagement, and iterative eval uation of their efficacy have been
recommended to effectively harness Web 2.0 for dissemination
[9]. Further research isneeded on methodsto effectively harness
social media platforms that have the potential to easily and
inexpensively reach large audiences. This includes audience
selection, message formatting and delivery, and other messaging
characteristics. Focus group discussions and surveys/interviews
of the target audiences (physicians and patients) may provide
valuable input to refine social media use in dissemination of
CPGs. Research is also needed on milestones and metrics to
measure implementation of CPG recommendations.
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Abstract

Background: Adolescence and young adulthood are key periods for developing norms related to health behaviors and body
image, and social media can influence these norms. Social mediais saturated with content related to dieting, fitness, and health.
Health and fitness—related social media content has received significant media attention for often containing objectifying and
inaccurate health messages. Limited research hasidentified problematic features of such content, including stigmatizing language
around weight, portraying guilt-related messages regarding food, and praising thinness. However, no research hasidentified who
is“liking” or “following” (ie, consuming) such content.

Objective: This exploratory study aimed to identify demographics, mental health, and substance use-related behaviors that
predicted consuming 3 types of health and fitness—related social media content—weight loss/fitness motivation pages (ie,
“fitspiration”), detox/cleanse pages, and diet/fitness plan pages—among young social media users.

Methods: Participants (N=1001; age: median 21.06, IQR 17.64-24.64; female: 723/1001, 72.23%) completed a cross-sectional
112-question online survey aimed at social media users aged between 15-29 years residing in Victoria, Australia. Logistic
regression was used to determine which characteristics predicted consuming the 3 types of health and fitness—related social media
content.

Results: A total of 378 (37.76%) participants reported consuming at least 1 of the 3 types of health and fitness—related social
media content: 308 (30.77%) fitspiration pages, 145 (14.49%) detox pages, and 235 (23.48%) diet/fitness plan pages. Of the
health and fitness—related social media content consumers, 85.7% (324/378) identified as female and 44.8% (324/723) of all
female participants consumed at least 1 type of health and fitness—related social media content. Predictors of consuming at least
one type of health and fithess—related social media content in univariable analysis included female gender (OR 3.5, 95% ClI
2.5-4.9, P<.001), being aged 15-17 years (OR 3.0, 95% CI 2.2-4.0, P<.001), residing outside a mgjor city (OR 2.0, 95% ClI
1.4-2.9, P<.001), having no post—high school education (OR 2.2, 95% CI 1.7-2.9, P<.001), being bornin Australia (OR 2.0, 95%
Cl 1.2-3.2, P=.006), having a self-reported eating disorder (OR 2.4, 95% CI 1.5-3.9, P<.001), being a victim of bullying (OR
1.7, Cl 1.3-2.3, P<.001), misusing detox/laxative teas or diet pills (OR 4.6, 95% CI 2.8-7.6, P<.001), never using illegal drugs
(OR 1.6, 95% CI 1.2-2.0, P=.001), and not engaging in risky single occasion drinking on aweekly basis (OR 2.0, 95% CI 1.3-3.0,
P=.003).

Conclusions: Consumers of health and fitness—related social media content were predominantly teenaged girls. Thereisaneed
to ensure that this social media content portrays responsible health messages and to research further the role of fitspiration pages,
detox pages, and diet/fitness plan pages in influencing body image and health behaviors.

(J Med Internet Res 2015;17(8):€205) doi:10.2196/jmir.4803
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Introduction

Background

Social mediaiswidely used and accepted among young people.
In the United States, up to 90% of teenagers and young adults
report using Facebook, whereas more than half use Instagram
and one-third use Twitter [1,2]. Young people are increasingly
turning to social mediaas asource of health-related information
[3]. A plethoraof health and fithess-rel ated social mediacontent
is available to young people and is popular, diverse, and
interactive; when social media users “like” or “follow” health
and fitness-related social media content pages, content appears
intheir newsfeeds where the user can view and engage with the
content by commenting on photos or sharing with friends
(through “tagging” or reposting content). One type of health
and fitness-related social media content, “fitspiration,” refers
to messages designed to inspire individuals to achieve a health
or fitness goal, usualy through exercise and dieting [4].
Common forms of fitspiration include images of toned bodies
overlaid with quotes designed to motivate viewers (Figure 1),
blog entries, and personal stories(eg, “before-and-after” weight
loss pictures), and persond profiles of fitnesstrainersand fitness
models. Other forms of health and fitness-related social media
content include strict diet/exercise plans and “cleanses’ or
“detoxes’ that claim to have health and weight loss benefits.

Figure 1. Examples of fitspiration-style images. Photo credit: Shutterstock.

Criticismsof Health and Fithess-Related Social Media
Content

Although many social media-based health and fitnessinitiatives
and interventions are based on scientific research and are run
by qualified teams of health experts [9], some health and
fitness-related social media content has been criticized for
sending inaccurate or irresponsible health messages, atopic of
recent media debate. Common criticisms of fitspiration include
the prominence of fitspiration images that champion pushing
oneself too far during exercise, focus on appearance rather than
fitness, and praise the athletic body type (the “athletic ideal”)
[10] (Figure 1). Internalization of the athletic ideal has been
associated with increased compulsive exercising and negative
mood associated with missing an exercise session [11]. Despite
ageneral focus on the athletic ideal body, fitspiration aimed at
women often relies on images of slim or thin female bodies to
promote an image of what it meansto be healthy, fit, and strong
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Health and fitness-related social media content is commonly
posted by companies to sell a service or product (eg, personal
trainers, gyms, or brands of juice detoxes). Health and
fitness-related social media content can also be user-generated
and maintained; for example, some socia media users
commonly post exercise “selfies’ (self-portrait photographs),
statuses about fitness routines, and images of healthy food
desired or prepared by the user [3,5].

Health and fitness-related social media content appearsto be a
double-edged sword. Socia media can play arole in shaping
body image through social comparison with others and the
maintenance of weight- and appearance-related concerns[6-8].
For example, in an exploratory qualitative study into social
media’s influence on health behaviors [3], young American
adults (mean age 20.4 years) agreed that seeing exercise tips
and instructions, using exercise tracking apps, and viewing
weight loss before-and-after pictures and fitness-related quotes
can be motivational for improving health behaviors. However,
some content, such asfriends posting fitness-rel ated selfieswith
negative captions about their physical appearance (eg, “[I’m]
still really fat”) can induce negative feelings of body-related
shame in the viewer. Content may be misleading, such as
advertisements or fitness programs/products conveying

unrealistic goals, and users of social media often wish to look
their best for their social network and are selective about the
content they post [3].

BIKINI BODY
IT'LL BE WORTH ALL
*'YOUR HARD WORK

[12]. Assuch, fitspiration has been compared to “ thinspiration”
and “pro-ana’ (pro-anorexialeating disorder) content, which
idealizes thin bodies (the “thin ideal” [13]) and is designed to
motivate viewers to lose weight. Exposure to these websites
has been associated with adverse effects, such as negative mood
and lowered self-esteem, decreased perceived attractiveness,
and increased dieting in experimental studies [14,15].
Meanwhile, more than one-third of young people with eating
disorders have reported visiting these sites and learning new
weight loss and purging techniques [16].

Forms of health and fitness-related social media content that
focus on diet, health, and well-being have a so been criticized.
For example, 2 popular diet programs—the Paleo Diet and the
Sugar Free Diet—have been listed by the British Dietetic
Association astwo of the“Worst Celebrity Diets’ and criticized
for being unbalanced and unnecessarily restrictive of food
groups [17]. Similarly, liquid-based detox diets that claim to
rid the body of toxins (despite no medical evidence indicating

JMed Internet Res 2015 | vol. 17 | iss. 8 [e205 | p.133
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

this is necessary) have been criticized by the Dietitians
Association of Australia and can result in the loss of healthy
gut bacteria and el ectrolytes [18]. Despite these concerns, 42%
of American adult social media users have reported that
information found viasocial mediawould affect health decisions
related to diet, exercise, or stress management, and nearly 90%
of people aged 18 to 24 years have indicated they would trust
medical information found on social media[19].

Past Research

Two recent analyses have indicated that problematic content is
posted regularly online under the guise of health. In the first
study, which analyzed 21 “healthy living” blogs (which aim to
offer advice and personal experiences regarding health), it was
found that approximately half contained content with negative
or guilt-inducing messages about food and/or content with
stigmatizing language relating to weight [20]. In the second
study, the authors compared 50 websites dedicated to fitspiration
with 50 thinspiration websites. The authorsfound that although
thinspiration websiteswere more likely than fitspiration websites
to contain content praising thinness (34% vs 10%) and
championing weight loss (68% vs 42%), both types of websites
were equally as likely to contain objectifying content (32% vs
36%), guilt-inducing messages about weight or the body (both
36%), and stigmatizing messages around fat and weight (both
20%) [4]. The authors suggested that although thinspiration
appears more obviously detrimental to viewers' health and body
image, it iswithin reason to assume that viewing both types of
websites may negatively impact viewers [4]. Therefore,
fitspiration may also attract people with preexisting eating
disorder symptomology or vulnerability, or influence emerging
psychological concerns such as orthorexianervosa, an obsession
with healthy eating, food quality, and food “purity” with links
to obsessive-compulsive disorder and anorexia [21].

This Study

Degspite significant debate in the mediaabout the potential harms
of health and fitness-related social media content [12,17,18],
little research has examined this content. Previous research has
focused on the content of self-labeled fitspiration rather than
expanding the scope of this field of research to observe other
types of health and fitnessrelated social media content.
Specifically, it is unclear who is liking and following
(“consuming”) health and fitness-related social media content
viasocial media. The overarching aim of thisexploratory study
wasto identify the characteristics of young people who consume
3 types of health and fitness-related social media content:
fitspiration pages, detox pages, and diet/fitness plan pages. The
secondary aims of this study were to determine (1) which
demographics predict consuming health and fitness-related
social media content, (2) whether young people who consume
health and fitness-related social media content have poorer
self-rated mental health than those who do not consume this
content, and (3) whether young people who consume health and
fitness-related social media content use variouslegal andillegal
substances at different rates compared to those who do not
consume this content. It was hypothesized that health and
fitness-related social media content would be more commonly
consumed by young women versus young men and that
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self-reported mental health problems and misuse of detox
teas/laxatives and diet pillswould be associated with consuming
health and fitness-related social media content.

Methods

Data

Participants were recruited via the 2015 Sex, Drugs and
Rock’'n’Roll  study, developed by Burnet Ingtitute: a
cross-sectional convenience sample of people aged 15 to 29
years living in Victoria, Australia. The study consisted of a
112-question online survey, which covered demographics, social
media use, and general mental and sexual health. The survey
was available on Burnet | nstitute’ swebsite for 6 weeks between
February and March 2015. Participantswererecruited viasocia
media, advertisements on Facebook targeted to young people,
and word of mouth. Only compl ete responses were anayzed.
Participants had the opportunity to win a gift voucher for
participating. Informed consent was obtained from each
participant. Approval for this study was granted by the Alfred
Hospital Human Research Ethics Committee, Melbourne,
Victoria. No specific funding was received for this study.

M easures

Demographics

Demographic detailsincluded gender (male, female, transgende,
or other with option to specify) and age, which was calculated
from month and year of birth. A binary variable was created for
gender (male/female; due to sample size, only participants
identifying as male and female wereincluded in gender-related
data analyses) and age was recoded into 3 categories (15-17,
18-19, and 20-29 years). Country of birth was dichotomized as
Australian-born or born outside Australia. Participants specified
their highest level of completed education, which informed a
binary variable which distinguished between participants who
were currently completing or had completed any post—high
school education and those with high school education or lower
(including those till at high school). Participantsindicated their
sexual identity; a binary variable distinguished between
participants identifying as heterosexual and participants
identifying as gay, homosexual, leshian, bisexual, queer,
guestioning, or other (GLBQQ+). Recreational spending was
analyzed to assess socioeconomic status and dichotomized as
lessthan AUD $120 to spend on oneself per week or AUD $120
or more. Participants’ postcodes informed a binary variable to
indicate their area of residence, which was major city or
nonmajor city.

Health and Fitness—Related Social Media Content

Participants were asked, “Do you like/ffollow any of the
following types of pages on Facebook, Instagram, or Twitter?’
with the option to choose all that applied. Four of the options
were asfollows, based on researcher observations of 3common
types of health and fithess—related social media content and a
fourth option that was used for the purpose of comparison:

1. Weight losgfitness motivation profiles (eg, personal
trainers, athletes, fithess models)
2. Cleanses or detoxes (eg, , juice detox)
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3. Diet plans or weight loss/fitness challenges (eg, | Quit
Sugar, Michelle Bridges 12WBT, Kaylaltsines Bikini Body
Challenge)

4. Other health-related pages (eg, Cancer Council)

Binary variables were created to identify whether participants
liked or followed (ie, consumed) the 3 types of health and
fitness—+elated social media content of interest (hereafter referred
to asfitspiration pages, detox pages, and diet/fitness plan pages)
and other health pages, respectively (see Multimedia Appendices
1-3 for screenshot examples). A binary yes/no variable was
created to identify whether participants consumed at least 1 of
the 3 types of health and fithess—+elated social media content
of interest.

Mental Health

Participants were asked, “Inthelast 6 months have you had any
mental health problems? This includes any issues that you
haven't spoken to a health professional about.” Options were
“yes,” “no,” or “l don't wish to say.” If participants answered
“yes’ to having menta health problems in the last 6 months,
they were asked, “Could you please specify what this mental
health problem/swas?’ with an option to choose dl that applied.
Optionswere anxiety disorder (eg, generalized anxiety disorder,
obsessive-compulsive disorder), mood disorder (eg, depression,
bipolar disorder), eating disorder (eg, anorexianervosa, bulimia),
“l don't wish to say,” and “other” with the option to specify.
Binary yes/no variables were created to identify participants
experiencing anxiety disorders, mood disorders, and/or eating
disorders. Participants were asked if they had been the victim
of bullying inthelast 6 months, which informed abinary yes/no
variable.

Substance Use

Participants were asked to report illegal drug use both in their
lifetime and in the last month, if they currently smoked
cigarettes, and how often they consumed alcohol. Binary yes/no
variableswere created for these behaviors; weekly “risky single
occasion drinking” was defined as consuming 6 or more standard
drinks on a weekly basis based on the Alcohol Use Disorders
Identification Test [22]. Participants were also asked, “‘In the
last 12 months, have you used any of the following
drugs/substances illicitly, not as directed or prescribed to
someone else? (Tick all that apply)” with optionsincluding diet
pills and detox/laxative teas. A binary yes/no variable was
created to identify participants who had ever misused either diet
pills or detox/laxative teas.

Analysis

All statistical analyses were performed using Stata version 13
(StataCorp LP, College Station, TX, USA). Cross-tabulations
and univariable logistic regression were used to compare
differences in demographics, mental health, and substance use
between those who consumed health and fitness—related social
media content (“consumers’) and those who did not.
Multivariable logistic regression was performed using variables
significant at P<.05 at the univariable level to identify
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independent predictors of consuming health and fitness—related
social media content. In the multivariable model, variables
significant with the Bonferroni-adjusted P value of .0125 (.05/4
tests) were deemed to be significant independent predictors of
consuming health and fitness—related social media content.

Results

The survey was completed by 1001 participants. The mean age
was 21.40 years (SD 4.12) and the median age was 21.06 years
(IQR 17.64-24.74); 269 (26.87%) identified as male, 723
(72.23%) identified as female, 4 (0.40%) identified as
transgender, 3 (0.20%) reported their gender as “other,” and 2
(0.20%) did not specify their gender. A total of 308 participants
(30.77%) consumed fitspiration pages, 145 (14.49%) consumed
detox pages, and 235 (23.48%) consumed di et/fitness plan pages.
In all, 378 (37.76%) participants consumed at least 1 of the 3
types of health and fitness—related social media content, 212
(21.17%) consumed at least 2 types, and 96 (9.59%) participants
consumed all 3 types. Of the health and fithess—+elated social
media content consumers, 85.7% (324/378) identified asfemale
and 44.8% (324/723) of all female participants consumed at
least onetype of health and fitness—related social media content.
Further, 57.1% (184/322) of teenaged girls consumed at least
one type of health and fitness-related social media content;
48.7% (184/378) of al consumers were teenaged girls.

Univariable logistic regression compared health and
fitnesst+elated social media content consumers (378/1001,
37.76%) and consumers of other health pages (358/1001,
35.76%). Consuming other health pages predicted consuming
health and fitness—related social media content (OR 2.6, 95%
Cl 2.0-3.4, P<.001). Other health pages were significantly more
likely to be consumed by female participants than male
participants (OR 1.6, 95% Cl 1.2-2.1, P=.003) and GLBQQ+
participants than heterosexual participants (OR 1.6, 95% ClI
1.2-2.1, P=.003). No significant resultswere observed for other
demographics regarding other health pages.

L ogi stic regression was used to examine correl ates of consuming
at least 1 of the 3 types of health and fitness—related social media
content (Table 1). In univariable analysis, significant differences
(P<.05) werefound; consumers of any health and fitness—rel ated
social media content were more likely to report female gender,
younger age, location in a nonmajor city, no post-high school
education, being born in Austraia, experiencing eating
disorders, being a victim of bullying, misusing detox/laxative
teas or diet pills, never using illegal drugs, and not engaging in
weekly risky single occasion drinking compared to those who
did not consume any health and fitness—related social media

content. In multivariable analysis (pseudo RP=.11), significant
independent predictors of consuming any health and
fitnesst+elated social media content at Bonferroni-adjusted
P<.0125 werefemale gender (OR 2.6, 95% Cl 1.8-3.7, P<.001),
being aged 15-17 years (OR 2.5, 95% Cl 1.4-4.4, P=.002), and
misusing diet pills or detox teas (OR 3.5, 95% CI 2.0-5.9,
P<.001).
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Table 1. Descriptive statistics and univariable logistic regression comparing consumers of at least one type of health and fitness—related social media
content (consumers) and participants who did not consume any health and fitness—related social media content (nonconsumers).

Variable Total, n (%) Consumers, n (%) Nonconsumers, n (%)  OR (95% Cl) P
N=1001 n=378 n=623

Gender
Male 269 (26.87) 51 (19.0) 218 (81.0) 1.0
Female 723 (72.23) 324 (44.8) 399 (55.2) 3.5(2.5-4.9) <.001

Age (years)
15-17 279 (27.87) 154 (55.2) 125 (44.8) 3.0(2.2-4.0) <.001
18-19 128 (12.79) 51 (39.8) 77 (60.2) 1.6 (1.1-2.4) 02
20-29 594 (59.34) 173 (29.1) 421 (70.9) 1.0

Place of residence
Nonmajor city 137 (13.69) 72 (52.6) 65 (47.5) 2.0 (1.4-2.9) <.001
Major city 846 (84.52) 300 (35.6) 246 (64.5) 1.0

Education
No post-high school 336 (33.57) 169 (50.3) 167 (49.7) 2.2(1.7-2.9) <.001
Post—high school 664 (66.33) 208 (31.3) 456 (68.7) 1.0

Country of birth
Australia 893 (89.21) 350(39.2) 543 (60.8) 20(1.2-3.2) .006
Outside Australia 97 (9.69) 24 (24.7) 73(75.3) 1.0

Sexual identity
Heterosexual 768 (76.72) 301 (39.2) 467 (60.8) 1.3(1.0-1.8) .10
GLBQQ+? 229 (22.88) 76 (33.2) 153 (66.8) 1.0

Recreational spending per week (AUD $)
<$120 770 (76.92) 299 (38.8) 471 (61.2) 1.2(0.9-1.7) 20
>$120 226 (22.58) 77 (34.1) 149 (65.9) 1.0

Anxiety b
Yes 404 (40.36) 156 (38.6) 248 (61.4) 1.1(0.8-1.4) 640
No 597 (59.64) 222 (37.2) 375 (62.8) 1.0

Eating disorder b
Yes 76 (7.59) 44 (57.9) 32(42.1) 2.4(1.5-3.9) <.001
No 925 (92.41) 334 (36.1) 591 (63.9) 10

Mood disor der P

Yes 365 (36.46) 151 (41.4) 214 (58.6) 1.3(10-1.7) .08
No 636 (63.54) 227 (35.7) 709 (64.3) 1.0

Bullied (last 6 months)
Yes 265 (26.47) 126 (47.6) 139 (52.5) 1.7 (13-2.3) <.001
No 736 (73.53) 252 (34.2) 484 (65.8) 1.0

Misused detox/laxative teas or diet pills (last 12 months)

Yes 83(8.29) 59 (71.1) 24(28.9) 4.6 (2.8-7.6) <.001
No 918 (91.71) 319 (34.8) 599 (65.3) 1.0
Ever used illegal drugs
Yes 545 (54.45) 180 (33.0) 365 (67.0) 1.0
No 446 (44.56) 195 (43.7) 257 (56.3) 1.6 (1.2-2.0) .001
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Variable Total, n (%) Consumers, n (%) Nonconsumers, n (%)  OR (95% ClI) P
N=1001 n=378 n=623
Last month illegal drug useif ever used drugs
Yes 330 (33.00) 111 (33.6) 219 (66.4) 1.1(0.7-1.5) 71
No 215 (21.48) 69 (32.1) 146 (67.9) 1.0
Risky single occasion drinking weekly or more often
Yes 122 (12.19) 30 (24.6) 92 (75.4) 1.0
No 758 (75.72) 295 (38.9) 61.1 (463) 2.0(1.3-3.0) 003
Current smoker
Yes 206 (20.68) 71(34.6) 135 (65.6) 1.0
No 790 (79.32) 304 (38.5) 486 (61.5) 1.2(0.9-1.6) 290

8 Gay, leshian, bisexual, queer, or questioning.

b Based on self-reported diagnosed and undiagnosed conditions in the last 6 months.

Univariable analyses were repeated for each type of health and
fitness—related social media content separately (Tables 2-4). In
multivariable regression (pseudo R?=.09), significant
independent predictors of consuming fitspiration pages at
Bonferroni-adjusted P<.0125 were female gender (OR 2.0, 95%
Cl 1.4-2.8, P<.001), being aged 15-17 years (OR 2.7, 95% ClI
1.5-4.9, P=.002), identifying as heterosexua (OR 1.6, 95% ClI
1.1-2.4, P=.009), and misusing diet pills or detox teas (OR 2.1,
95% CI 1.3-3.5, P=.004). Significant independent predictors of
consuming detox pages at Bonferroni-adjusted P=.01 in
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multivariable regression (pseudo R?=.24) were female gender
(OR52.1, 95% CI 7.2-377.6, P<.001), being aged 15-17 years
(OR 3.4, 95% CI 1.5-7.7, P=.003), misusing diet pills or detox
teas (OR 4.7, 95% Cl 2.7-8.0, P<.001) and using illegal drugs
inthelast month (OR 2.5, 95% CI 1.3-4.9, P=.008). Significant
independent predictors of consuming diet/fitness plan pages at
Bonferroni-adjusted P<.0125 in multivariable regression (pseudo
R’=.17) werefemale gender (OR 9.8, 95% Cl 4.9-19.6, P<.001)
and misusing diet pills or detox teas (OR 3.6, 95% CI 2.2-6.0,
P<.001).
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Table 2. Descriptive statistics and univariable logistic comparing consumers of fitspiration pages and nonconsumers.

Variable Total, n (%) Consumers, n (%) Nonconsumers, n (%) OR (95% ClI) P
N=1001 n=308 n=693

Gender
Male 269 (26.87) 48 (17.8) 221 (82.2) 1.0
Female 723 (72.23) 259 (35.8) 464 (64.2) 2.6(1.8-3.6) <.001

Age (years)
15-17 279 (27.87) 128 (45.9) 151 (54.1) 2.8(2.1-3.8) <.001
18-19 128 (12.79) 43 (33.6) 85 (66.4) 1.7 (1.1-2.6) 01
20-29 594 (59.34) 137(23.1) 457 (76.9) 1.0

L ocation
Nonmajor city 137 (13.69) 60 (43.8) 77 (65.2) 1.9(1.3-2.8) <.001
Major city 846 (84.52) 243 (28.7) 603 (71.3) 1.0

Education
No post—high school 336 (33.57) 138 (41.1) 198 (58.9) 2.0(1.5-2.7) <.001
Post-high-school 664 (66.33) 169 (25.5) 495 (74.6) 1.0

Country of birth
Australia 893 (89.21) 286 (32.0) 607 (68.0) 1.8(1.1-3.0) .02
Outside Australia 97 (9.69) 20 (20.6) 77 (79.4) 10

Sexual identity
Heterosexual 768 (76.72) 251 (32.7) 517 (67.3) 15(1.1-2.2) 02
GLBQQ+2 229 (22.88) 56 (24.5) 173 (75.6) 1.0

Recreational spending per week (AUD $)

<$120 770 (76.92) 248 (32.3) 522 (67.8) 1.3(1.0-1.9)
>$120 226 (22.58) 59 (26.1) 167 (73.9) 10 .08
Anxiety b
Yes 404 (40.36) 125 (30.9) 279 (69.1) 1.0(0.8-1.3) .92
No 597 (59.64) 183 (30.7) 414 (69.3) 10

Eating disorder b
Yes 76 (7.59) 38 (50.0) 38 (50.0) 2.4 (1.5-3.9) <.001
No 925 (92.41) 270 (29.2) 655 (70.8) 1.0

Mood disor der °
Yes 365 (36.46) 124 (34.0) 241 (66.0) 1.3(L0-1.7) 10
No 636 (63.54) 184 (28.9) 452 (71.1) 1.0

Bullied (last 6 months)

Yes 265 (26.47) 100 (37.7) 165 (62.3) 1.5(1.1-2.1) .004
No 736 (73.53) 208 (28.3) 528 (71.7) 1.0

Misused detox/laxativeteasor diet pills (last 12 months)
Yes 83(8.29) 44 (53.0) 39 (47.0) 2.8(1.8-4.4) <.001
No 918 (91.71) 264 (28.8) 654 (71.2) 1.0

Ever used illegal drugs

Yes 545 (54.45) 140 (25.7) 405 (74.3) 1.0
No 446 (44.56) 166 (37.2) 280 (62.8) 1.7 (1.3-2.3) <001
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Variable Total, n (%) Consumers, n (%) Nonconsumers, n (%) OR (95% CI) P
N=1001 n=308 n=693

Last month illegal drug useif ever used drugs

Yes 330 (33.00) 84 (25.5) 246 (74.6) 0.9 (0.7-1.4) 88
No 215 (21.48) 56 (26.0) 159 (74.0) 1.0
Risky single occasion drinking weekly or more often
Yes 122 (12.19) 240 (31.7) 518 (68.3) 1.0
No 758 (75.72) 21(17.2) 191 (82.8) 2.2(1.4-37) .001

Current smoker
Yes 206 (20.68) 58 (28.1) 148 (71.8) 1.0
No 790 (79.32) 247 (31.3) 543 (68.7) 1.2 (0.8-1.6) .39

8 Gay, leshian, bisexual, queer, or questioning.
b Based on self-reported diagnosed and undiagnosed conditions in the last 6 months.
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Table 3. Descriptive statistics and univariable logistic comparing consumers of detox pages and honconsumers.

Variable Total, n (%) Consumers, n (%) Nonconsumers, n (%) OR (95% ClI) P
N=1001 n=145 n=856

Gender
Male 269 (26.87) 1(0.4) 268 (99.6) 1.0
Female 723 (72.23) 142 (19.6) 581 (80.4) 65.5 (9.1-470.7) <.001

Age (years)
15-17 279 (27.87) 81 (29.0) 198 (71.0) 5.2 (3.5-7.9) <.001
18-19 128 (12.79) 21 (16.4) 107 (83.6) 2.5(1.4-4.4) .001
20-29 594 (59.34) 43(7.2) 551 (92.8) 1.0

L ocation
Nonmajor city 137 (13.69) 36 (26.3) 101 (73.7) 2.4(1.6-3.7) <.001
Major city 846 (84.52) 108 (12.8) 738(87.2) 1.0

Education
No post-high school 336 (33.57) 89 (26.5) 247 (73.5) 3.9(2.7-5.6) <.001
Post-high school 664 (66.33) 56 (8.4) 608 (91.6) 1.0

Country of birth
Australia 893 (89.21) 136 (15.2) 757 (84.8) 2.0(0.9-4.2) 07
Outside Austrdia 97 (9.69) 8(8.3) 89 (91.8) 1.0

Sexual identity
Heterosexual 768 (76.72) 118 (15.4) 650 (84.6) 1.4 (0.9-2.2) 13
GLBQQ+2 229 (22.88) 26 (11.4) 203 (88.7) 1.0

Recreational spending per week (AUD $)
<$120 770 (76.92) 122 (15.8) 648 (84.2) 1.7 (11-2.8) .02
>$120 226 (22.58) 22(9.7) 204 (90.3) 1.0

Anxiety b
Yes 404 (40.36) 67 (16.6) 337(83.4) 1.3(0.9-1.9) 12
No 597 (59.64) 78(13.1) 519 (86.9) 1.0

Eating disorder b
Yes 76 (7.59) 25(32.9) 51 (67.1) 3.3(2.0-5.5) <.001
No 925 (92.41) 120 (13.0) 805 (87.0) 1.0

M ood disorder P

Yes 365 (36.46) 63 (17.3) 302 (82.7) 1.4 (1.0-2.0) .06
No 636 (63.54) 82(12.9) 553 (87.1) 1.0

Bullied (last 6 months)
Yes 265 (26.47) 51 (19.3) 214 (80.8) 16(1.1-2.4) .01
No 736 (73.53) 94 (12.8) 642 (87.2) 1.0

Misused detox/laxativeteasor diet pills (last 12 months)
Yes 83(8.29) 40 (48.2) 43 (51.8) 7.2 (4.5-11.6) <.001
No 918 (91.71) 105 (11.4) 813 (88.6) 1.0

Ever used illegal drugs

Yes 545 (54.45) 72 (13.2) 473 (86.8) 1.0
No 446 (44.56) 72 (16.1) 374(83.9) 1.3(0.9-1.8) 19
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Variable Total, n (%) Consumers, n (%) Nonconsumers, n (%) OR (95% ClI) P
N=1001 n=145 n=856
Last month illegal drug useif ever used drugs
Yes 330 (33.00) 57 (17.3) 273(82.7) 2.8(155.1) .001
No 215 (21.48) 15 (7.0) 200 (93.0) 1.0
Risky single occasion drinking weekly or more often
Yes 122 (12.19) 12(9.8) 110(90.2) 1.0
No 758 (75.72) 112 (14.8) 646 (85.2) 1.6 (0.9-3.0) 15
Current smoker
Yes 206 (20.68) 37 (18.0) 169 (82.0) 1.4 (0.9-2.1) 10
No 790 (79.32) 106 (13.4) 684 (86.6) 1.0

8 Gay, leshian, bisexual, queer, or questioning.

b Based on self-reported diagnosed and undiagnosed conditions in the last 6 months.
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Table 4. Descriptive statistics and univariable logistic comparing consumers of diet/fitness plan pages and nonconsumers.

Variable Total, n (%) Consumers, n (%) Nonconsumers, n (%) OR (95% ClI) P
N=1001 n=235 n=766

Gender
Male 269 (26.87) 9(3.4) 260 (96.7) 1.0
Female 723 (72.23) 225 (31.1) 498 (68.9) 13.0 (6.6-25.8) <.001

Age (years)
15-17 279 (27.87) 106 (38.0) 173 (62.0) 3.2(2.3-4.4) <.001
18-19 128 (12.79) 33(25.8) 95 (74.2) 1.8(1.1-2.8) 01
20-29 594 (59.34) 96 (16.2) 498 (83.8) 1.0

L ocation
Nonmajor city 137 (13.69) 40 (29.2) 97 (70.8) 1.4(0.9-2.1) .09
Magjor city 846 (84.52) 191 (22.6) 655 (77.4) 10

Education
No post-high school 336 (33.57) 118(35.1) 218 (64.9) 25(1.9-34) <.001
Post-high school 664 (66.33) 117 (17.6) 547 (82.4) 1.0

Country of birth
Australia 893 (89.21) 221 (24.8) 672 (75.3) 2.3(1.2-4.3) .008
Outside Australia 97 (9.69) 12 (12.4) 85 (87.6) 10

Sexual identity
Heterosexual 768 (76.72) 189 (24.6) 579 (75.4) 1.3(0.9-1.9) 12
GLBQQ+2 229 (22.88) 45 (19.7) 184 (80.4) 1.0

Recreational spending per week (AUD $)

<$120 770 (76.92) 190 (24.7) 580 (75.3) 1.4 (1.0-2.0) .08
>$120 226 (22.58) 43 (19.0) 183 (81.0) 1.0

Anxiety b
Yes 404 (40.36) 107 (26.5) 297 (73.5) 1.3(1.0-1.8) 07
No 597 (59.64) 128 (21.4) 469 (78.6) 1.0

Eating disorder b
Yes 76 (7.59) 35 (46.0) 41 (54.0) 3.1(1.9-5.0) <.001
No 925 (92.41) 200 (31.6) 725 (78.4) 1.0

Mood disor der °
Yes 365 (36.46) 101 (27.7) 264 (72.3) 14(11-1.9) 02
No 636 (63.54) 134 (21.1) 502 (78.9) 1.0

Bullied (last 6 months)

Yes 265 (26.47) 91 (34.3) 174 (65.7) 2.2(1.6-2.9) <.001
No 736 (73.53) 144 (19.6) 592 (80.4) 1.0

Misused detox/laxativeteasor diet pills (last 12 months)
Yes 83(8.29) 48 (57.8) 35(42.2) 5.3 (3.4-8.5) <.001
No 918 (91.71) 187 (20.4) 731 (79.6) 1.0

Ever used illegal drugs

Yes 545 (54.45) 107 (19.6) 438 (80.4) 1.0
No 446 (44.56) 126 (28.3) 320 (71.8) 16(1.2-22) .002
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Variable Total, n (%) Consumers, n (%) Nonconsumers, n (%) OR (95% ClI) P
N=1001 n=235 n=766
Last month illegal drug useif ever used drugs
Yes 330 (33.00) 72 (21.8) 258 (78.2) 1.4(0.9-2.2) 11
No 215 (21.48) 35(16.3) 180 (83.7) 1.0
Risky single occasion drinking weekly or more often
Yes 122 (12.19) 21(17.2) 101 (82.8) 1.0
No 758 (75.72) 179 (23.6) 579 (76.4) 15(0.9-2.4) 12
Current smoker
Yes 206 (20.68) 47 (22.8) 159 (77.2) 1.0(0.7-1.5) 83
No 790 (79.32) 186 (23.5) 604 (46.5) 1.0

8 Gay, leshian, bisexual, queer, or questioning.

b Based on self-reported diagnosed and undiagnosed conditions in the last 6 months.

Discussion

Our study, to the best of our knowledge, wasthe first to explore
characteristics of the consumers of health and fithess-related
social mediacontent. Our resultsindicate that consuming health
and fitness-rel ated social media content iscommon; 378 of 1001
(37.76%) participants reported liking or following at least one
of the included health and fitness-related social media content
types on Facebook, Instagram, or Twitter, most commonly
fitspiration pages (308/1001, 30.8%), followed by diet/fitness
plan pages (235/1001, 23.5%), and detox pages (145/14.49,
14.5%). The mgjority of health and fitness-related social media
content consumers identified as female, supporting our
hypothesis. This result was unsurprising; hedth and
fitness-related social media content islargely aimed at women
and often driven by female celebrities and fitness models.
Considering the number of objectifying messages previously
observed in fitspiration [4], and the potential internalization of
messages such as these by girls and women in Western society
[23], it is potentially concerning that nearly half of female
participants reported consuming this content. Even so, some
health and fitness-related social media content isaimed at men
(ie, bodybuilding pages featuring endorsement from male
athletes) and there is potential for this content to negatively
affect the body image of young men, such asincreasing adrive
for muscularity [24].

Other demographic differences were noted fairly consistently
in the data. Key characteristics of health and fitness-related
social media content consumers were being younger and less
educated; more than half of participants aged between 15 and
17 years and more than half of participants with no post-high
school education (which included those still in high school)
reported consuming at least one of the health and fitness-related
social mediacontent types, although this|atter variable was not
significant in adjusted anayses. In al, nearly half of all
consumers (48.7%, 184/378) wereteenaged girls. Thesefindings
are of concern because adolescenceisaparticularly challenging
timein terms of body image[25] and more educated people are
generally more likely to engage in healthy behaviors, such as
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engaging in physical activity and not smoking [26], and have
higher hedlth literacy [27].

Some differences were observed regarding menta health and
substance use, partially supporting our hypothesis. Participants
with eating disorders were 2 to 3 times more likely to consume
health and fitness-rel ated social media content than participants
without eating disorders. It is likely that this relationship is
bidirectional; this content may attract people with eating
disorders or body image concerns, but the content may
exacerbate or validate symptomol ogy and behaviors[8]. Further,
asignificant difference emerged with regardsto mood disorders:
participants with mood disorders were more likely than those
without mood disorders to consume diet/fitness plan pages,
although this was not significant in adjusted analyses. This
finding is interesting in the context of thinspiration research,
which hasfound more negative affect after viewing thinspiration
websites [14]. It is unclear why this relationship emerged for
the diet/fitness plan pages, but not the other types of health and
fitness-related social media content.

Approximately 70% of participants who reported misusing
detox/laxative teas or diet pillsin the last 6 months consumed
any health and fitness-related social media content, supporting
our hypothesis. These weight loss materials have been shown
to have detrimental health effects and use actually predicts
weight gain over timein adolescents[28,29]. Consumers of any
health and fitness-rel ated social media content were significantly
lesslikely than nonconsumersto report ever using illegal drugs
or to report weekly risky single occasion drinking. Thiswas an
interesting finding; it is possible that consumers of health and
fitness-related social media content are concerned about the
effect of substance use on their health, thereby avoiding
consumption. However, several of these results were not
significant in adjusted analyses and it is possible that these
findingswererelated to the age of participants because younger
participants were more likely to consume heath and
fitness-related social media content. In adjusted analyses,
consumers of detox pageswere morelikely to have usedillegal
drugs recently than nonconsumers. This association may be
related to use of illegal drugs for weight loss or maintenance,
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such as psychostimulants [30]. These relationships should be
explored in future research.

It is possible that for the majority of consumers, health and
fitness-related social media content is beneficial and provides
motivation for healthy behaviors. Yet the key characteristics of
consumers of health and fitness-related social media content
appear to be female gender and a younger age, with at-risk
groups including those with eating disorder symptomology,
being avictim of bullying, and misusing detox/laxative teas and
diet pills. Health and fitness-related social media content
potentially has the power to impact on these individuals,
including influencing the formation of young people’s norms
regarding ideal body shape and what it means to be healthy;
emerging research indicatesthat adolescent girlsareincreasingly
turning to fitness models asrole models[31]. It can be difficult
to distinguish between health and fitness-related social media
content that is helpful or motivational and content that is
harmful, and to whom messages championed by this content
are negatively affecting; however, it appears that some
vulnerableindividuals are consuming health and fitness-rel ated
social media content.

Nearly 90% of American young adults have reported they would
trust medical information found on social media[19]. Therefore,
there is a need to ensure that health and fitness-related social
media content portrays adequate, responsible health messages
championing accurate information about health and fitness,
motivating individuals to exercise without shaming those who
do not or cannot, having realistic health and fitness goals, and
encouraging a healthy lifestyle without objectifying messages.
Health promotion initiatives should target consumers of health
and fitness-related social media content in terms of health
literacy and body positivity, teaching at-risk individuals to be
critical of media messagesin relation to what it meansto be fit
and healthy. Some recent campaigns have attempted this, such
as the UK campaign “This Girl Can,” which aims to celebrate
women's participation in sport regardless of physical appearance
[32].

Another possible option for dealing with potential harms of
health and fitness-related social media content is regulating
social media content, although this can be challenging.
Thinspiration is recognized as harmful by most social media
sites and is shut down or censored with varying degrees of
success[33]; for example, Facebook community standards state
“We prohibit content that promotes or encourages...eating
disorders’ [34] and if users search for thinspiration and related
terms, Instagram and Tumblr provide warnings for graphic
content and referralsto eating disorder information and recovery
resources. However, dueto varying rates of effective moderation
and social media sites not wishing to censor users' recovery
journeys, itisstill easy to find thinspiration content across nearly
every social media platform [35]. No specific guidelines exist
for health and fitness-related social media content. Current
advertising guidelines on Facebook indicate that images that
“emphasize an ‘ideal’ body or body parts, or images showing
unexpected or unlikely results, such as ‘before and after
images " are not allowed, and that “ ads that promote acceptable
dietary and herbal supplements may only target users who are
at least 18 years of age” [35], but such guidelines do not appear
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to exist for page or user-generated content, even when the page
is advertising a product. Considering problematic health and
fitness-related social media content messages may be subtle or
labeled as “hedlthy,” these guidelines may not adequately
identify harmful content.

Two additional barriersto regulating health and fitness-related
social media content on social media have been raised. Firstly,
social mediais saturated with health and fitness-related social
media content: this content has huge foll owings (eg, more than
23 million posts on Instagram have been tagged with “#fitspo”
at thetime of writing) and the nature of social media meansthat
health and fitness-related social media content is often viewed
by social media users even if they do not necessarily wish to
view it (ie, if one user “likes’ an image, this image will then
appear in the newsfeeds of many of their friends). The nature
of targeted advertisements means that merely mentioning food
or exercise on social media can result in users being presented
with advertisements related to health and fitness-related social
media content [5]. Secondly, health and fitness-related social
media content is largely celebrated, user-generated, and talked
about in a positive manner, reinforcing content and behaviors
to peers on social media [3]. An argument for clinically
distinguishing orthorexia from anorexia and
obsessive-compulsive disorder is that people with orthorexia
are likely to flaunt their health behaviors, such as via social
media [21], because these behaviors are largely socially
desirable and celebrated, making it difficult to determinewhere
health behaviors are obsessive and/or no longer healthy. The
saturation and popularity of health and fitness-related social
media content meansthat its messages are unavoidable for many
usersof social mediaand easily normalized regardless of actual
health benefits. Thisreinforcestheimportance of medialiteracy
and education programs around health and fitness for young
people.

The authors recognize the limitations of this study. The sample
was an online convenience sample and may not be generalizable
to all social media users. The questions asked were broad and
lacked specificity; we did not enquire after the number of health
and fitness-rel ated social mediacontent pages liked or followed,
the degree of interaction with the content, or break down the
pages any further (eg, by examining participants who
specifically followed self-labeled fitspiration pages on social
media). Data were self-reported and, therefore, vulnerable to
recall bias; social media users often follow a large number of
pages[36] and are unlikely to remember al of them. Thosewho
consumed fitspiration pages, detox pages, and diet/fitness plan
pageswere morelikely to follow other health pagestoo, possibly
reflecting an interest in health in general rather than just the 3
types of health and fitness-related social media content we
studied. We only focused on Facebook, Instagram, or Twitter,
potentially excluding participants who follow health and
fitness-related social mediacontent on Tumblr or Pinterest (used
by 23% and 33% of teenage girls, respectively, more than 3
timesthe rate of use by teenaged boys|[2]) or engage with other
user-generated forums and groups such as those on Reddit. We
only asked about participants misusing diet pills and
detox/laxative teas; it would have been worth exploring any use
of diet/weight loss materials. Our cross-sectional design and
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analysis strategy was unable to determine direction of
relationshipsor causality. Dueto the length of thelarger survey,
we did not examine body image or use validated measures of
mental health, although single-item self-report measures of
psychosocial variables can be as valid as multiple-item scales
[37]. Further, due to the exploratory nature of the study, we
included a large number of statistical tests; we applied the
conservative Bonferroni correction, which thereby increases
therisk of typell error.

Observed gender differences are likely related to the types of
health and fitness-related social media content we chose to
examine. The diet plans and challenges included as examples
were heavily female-led (eg, branded with female celebrities)
and focused (eg, bikini body challenges), potentialy biasing
recall. Gender differences may have al so been related to women
consuming more health-rel ated pages on social mediathan men
in general. We did not specifically examine, or include as
examples, health and fitness—related social mediacontent aimed
a men, such as bodybuilding or other muscularity-based
initiatives. Such health and fitness—rel ated social mediacontent
isworth exploring in the future.
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Abstract

Background: Patterns in general consumer online search logs have been used to monitor health conditions and to predict
health-related activities, but the multiple contexts within which consumers perform online searches make significant associations
difficult to interpret. Physician information-seeking behavior has typically been analyzed through survey-based approaches and
literature reviews. Activity logs from health care professionals using online medical information resources are thus a valuable
yet relatively untapped resource for large-scale medical surveillance.

Objective: To analyze health care professionals’ information-seeking behavior and assess the feasibility of measuring drug-safety
alert response from the usage logs of an online medical information resource.

Methods: Using two years (2011-2012) of usage logs from UpToDate, we measured the volume of searches related to medical
conditions with significant burden in the United States, as well as the seasonal distribution of those searches. We quantified the
relationship between searches and resulting page views. Using a large collection of online mainstream media articles and Web
log posts we aso characterized the uptake of a Food and Drug Administration (FDA) aert via changes in UpToDate search
activity compared with general online media activity related to the subject of the aert.

Results: Diseases and symptoms dominate UpToDate searches. Some searches result in page views of only short duration,
while others consistently result in longer-than-average page views. The response to an FDA alert for Celexa, characterized by a
changein UpToDate search activity, differed considerably from general online mediaactivity. Changesin search activity appeared
later and persisted longer in UpToDate logs. The volume of searches and page view durations related to Celexa before the aert
also differed from those after the aert.

Conclusions:  Understanding the information-seeking behavior associated with online evidence sources can offer insight into
theinformation needs of health professionals and enable large-scale medical surveillance. Our Web log mining approach has the
potential to monitor responses to FDA alerts at a nationa level. Our findings can also inform the design and content of
evidence-based medical information resources such as UpToDate.

(J Med Internet Res 2015;17(8):€204) doi:10.2196/jmir.4427
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Introduction

Searching and consuming medical information resources on the
Web occupies anincreasingly important place in both consumer
and health care professionals’ day-to-day information-seeking
activities [1-6]. Methods for mining Web search logs to
characterize user behavior and to perform large-scae
surveillance—such as Google Flu Trends[ 7] and similar efforts
using Wikipedia Web traffic [8]—are gaining traction. Studies
have sought to characterize the search behavior of specific user
groups, for example those who search for information about
cancer [9] or varicose vein treatment [10], as well as the effect
of significant large-scale events like the recession [11] or the
time of year [12] on searchesrelated to health concerns. Patterns
in search logs have also been used to predict health-related
activities, including visitsto medical facilities[13] and the onset
of searches about mood-stabilizing drugs [14], as well as to
track changes in drug use over time [15].

A challenge inherent in the analysis of Web search behavior
generaly is the diversity of users. Web search logs capture a
broad range of online behavior from alargely uncharacterized
user group performing searcheswith unknown context(s). Most
efforts at analyzing Web logs focus on consumer search
behavior. In fact, recent methods attempt to discern and separate
out searchesfrom health care professionalsin the analysis[16].

In contrast, the analysis of search behavior of heath care
professionals has typically focused on literature review or
survey-based approaches [4,17-20]. To directly study
information seeking by health care professionals "in the wild"
we present an analysis of activity logsfrom awidely used online
medical resource called UpToDate [21]. UpToDate is a source
of expert-authored health information provided by Wolters
Kluwer that includes detailed descriptions of approaches to
investigating specific symptoms, management of diseases, drug
usage recommendations, and treatments to support
evidence-based medicine. UpToDate is used on a subscription
basis by institutions and individuals who purchase a license,
including physicians, researchers, and students. Its use in
hospitals is known to be associated with fewer patient
complications and adverse events, shorter hospital stays, reduced
mortality rates, and higher quality performance measures
[22,23]. Given the challenges in analyzing general Web search
behavior, the UpToDate logs are a unique resource—they
capture the search behavior of alimited and well-defined user
group. UpToDate logs have been previoudly used to predict flu
trendsin atimely manner [24], demonstrating the utility of this
resource as an alternative data source for medical surveillance.

Logs of UpToDate usage capture the source institution and a
unique deidentified session, the search string entered, the time
and date of the search, the type of search, and topic pagesvisited
as aresult of a search. Using these access logs, we analyzed
both the free-text searches users performed aswell as how they
navigated UpToDate topic pages. We profiled how UpToDate
isused nationally and we quantified the rel ationship of medical

http://www.jmir.org/2015/8/e204/

conditions to cost and utilization as seen from an
information-seeking perspective. We also characterized
information-seeking behavior via the relationship between
search terms and subsequent page view duration—awell-studied
indicator of user interest [25,26]. We identified patterns in
UpToDate page view sequences and the search terms that
initiated them. We a so present results on the use of UpToDate
logs to monitor uptake of a Food and Drug Administration
(FDA) dert.

In the following sections, we describe our methodsfor analyzing
the free-text searches and page view sequencesfrom UpToDate
search logs. We then present findings of seasonal distributions
of UpToDate free-text searches, as well as the distribution of
searches by body systems, health conditions and symptoms,
drugs, medical devices, and procedures. We also describe the
uptake of an FDA drug alert as reflected by changes in the
frequency and duration of UpToDate searches and page views.
Lastly, we discuss theimplications of our findings, describethe
limitations of our approach, and propose future work.

Methods

Overview

To profile the online search behavior of health care
professionals, we used 2 years of usage logs from UpToDate,
spanning from January 2011 to December 2012. We analyzed
these logs using a combination of text mining and statistical
methods to identify general trends in searches, to discover
associations between search terms and the duration of
subsequent visits to UpToDate topic pages ("topic views') as
well as patterns in topic view sequences, and to monitor the
uptake of an FDA alert by health care professionals. In the
following sections, we describe the structure of the search logs,
our text-mining approach, and methodsfor analyzing UpToDate
user behavior as well as identifying patterns in searches and
topic views.

Structure of UpToDate Search L ogs

The log for a single UpToDate user event consists of the
following parts: (1) query string, (2) unique session 1D, (3)
search location, (4) time stamp of the search, and (5) the type
of action (eg, a string search in the search bar of the website, a
topic view, or a subtopic view, which is recorded when a user
clicks on alink within an UpToDate page).

We restricted this dataset to consider only searches or page
views performed at sitesin the United States that purchased an
UpToDate license (ie, we have excluded users of tria or
marketing versions of UpToDate, as well as those searches
performed on computers outside of the United States). The
dataset used contains 212 million search queries and their
corresponding topic views.

Text Processing of Search Logs

We processed al free-text searches using a variation of our
previously described text-processing workflow [27,28]. We
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used the Unitex corpus processor to annotate search stringswith
a lexicon of more than 3 million terms compiled from
biomedical ontologies and terminologies, in which terms and
concepts are mapped by synonymy and parent-child
relationships. The output of this annotation processis alist of
termsfor each query string, each of which is mapped to one or
more biomedical concepts. Concepts in the lexicon arein turn
mapped to one of four semantic types, where
applicable—diseases and symptoms, drugs, medical devices,
and procedures.

Analyzing Free-Text Searches

Using the output of our text-processing pipeline, we computed
the frequency of occurrence of each term across all usage logs,
and used these frequencies to profile how headth care
professionals search UpToDate. We first profiled search
behavior using thefollowing features. seasondlity, search session
length, body system, medical concept category, and national
statistics on the costs and discharge rates of medical conditions
in 2011 and 2012. We used the time stamp associated with each
search to aggregate searches by month and year. We used the
concept mappings in our terminology to identify term sets for
the 10 major body systems. cardiovascular, respiratory,
digestive, endocrine, hemic and immune, integumentary,

Calahan et a

muscul oskel etal, mouth and jaw, nervous, and urogenital. Using
these term sets, we counted the number of searches containing
any of the terms associated with a given body system. Using
the concept mappings in our terminology, we determined the
most frequently searched-for disease/symptom, drug, device,
and procedure terms, and quantified the distribution of these
categoriesfor each body system to assessthe comprehensiveness
of search logs as a data source.

To explore relationships between the search behavior and
national trends of medical conditions in the US, we created
custom term sets from our lexicon corresponding to the
Healthcare Cost and Utilization Project (HCUP) clinical
classification system (CCS) codes. We started with the
International Classification of Diseases, 9th Revision (ICD-9)
codes that make up each CCS code, and collected the Unified
Medical Language System (UMLS) Metathesaurus concepts
for each of the ICD-9 codes. We then extended the terms sets
associated with these concepts by leveraging the term-concept
mappings in our much larger lexicon (see Figure 1), and
manually reviewed the terms sets to remove overly broad or
incorrect terms. We used these curated term sets to identify
searchesin UpToDate that are related to medical conditions or
proceduresfor which national data are available fromthe HCUP
National Inpatient Sample.

Figure 1. Exampleof term expansion for HCUP CCS codes; each codeis represented asits set of |CD-9 codes. The ICD-9 code for essential hypertension
is expanded using the UML S Metathesaurus to identify the n terms mapped to that concept. Each of the n terms (eg, “essential hypertension nos,” red)
isused as a seed query to our custom lexicon to identify additional concepts and their terms. Here, “essential hypertension nos’ maps to the concept
hypertensive disease, and its additional m-1 terms (green) are used in combination with the n seed termsto i dentify searches corresponding to the HCUP

CCS codes for hypertension.

HCUP CCS codes 98 & 99 - hypertension

ICD9 401 - essential hypertension

terms
essential hypertension
unspecified essential hypertension
primary hypertension
hypertension nos

P WNPRE

.

-
”

UMLS Metathesaurus

n |essential hypertension nos|-”

Analyzing I nfor mation-Seeking Behavior

We used time stamps for all searches and topic views to
determine duration of topic views immediately following a
given search. Topic view duration was calculated by taking the
difference between the time stamp of a topic view event and
thetime stamp of the next event that followed it—either asearch
or view of acompletely different topic. If thefinal event within
a session was a topic view, that topic view event was excluded
from this part of our analysis because it was not possible to
calculate the duration of thistopic view without the logged time
stamp of a subsequent user action. From the log-normalized
distribution of time spent on all topic pages following a search,
we categorized the amount of time spent on a given topic page

http://www.jmir.org/2015/8/e204/

concept - hypertensive disease

terms
1 hypertensive disease
2 high blood pressure
3,| essential hypertension nos
L4 hypertensive disorder

« Lexicon

.

\
A

m systemic hypertension

using the mean of thelog-normalized duration val ues (converted
back to seconds) as the decision boundary. Durations |ess than
this boundary were categorized as short clicks, and durations
above this boundary were categorized as long clicks.

We grouped all searches that initiated a given topic view to
calculate the proportion of long clicks and short clicksfor each
topic, and to determine the number of unique search terms
resulting in atopic view. We also grouped all topics resulting
from a unique search term to calculate the proportion of long
clicks and short clicks originating from the search term and the
number of topics each search term initiated.
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Mining Patterns of Topic View Sequences

UpToDate content is structured as topics, each of which has a
dedicated page with subsections containing more specific
information. In addition to analyzing the search text, we used
the logs to study how UpToDate users progress from topic to
topic within asession, and to profile the search termsthat initiate

Callahanet a

seguences of topic views. Figure 2 summarizes our method. We
first grouped searches by their unique session identifier and
ordered the entries by the time stamp. For each sequence of two
or more topic views, we counted the number of times that
seguence occurred, as well as the search terms that occurred
just prior to the sequence and their frequency.

Figure 2. Overview of the method used to analyze sequences of queries and topic views in UpToDate. Using unique session identifiers, we grouped
queries and topic views, and ordered them by time of occurrence (green table). Frequently occurring sequences of topic views (orange boxes) were
identified, as well as the search terms that initiated them (blue boxes). The numbers in parentheses show the frequency of occurrence of the specific

term.

Search log data (grouped by Session ID, ordered by Timestamp)

Session D Timestamp SearchTerm Event Type

TopicTitle

FO122A.1104 2011—0170115:10:56.031 Search/Lucene null

FO0122A.1104 2011-01-0115:18:59.221 null TopicView/full

FO0122A.1104 2011-01-0115:20:11.132 null TopicView/full

Treatment of community-acquired pneumoniain adults who require hospitalization

Treatment of community-acquired pneumoniain adults in the outpatient setting

5976E.0503  2011-01-0115:31:14.125 cholesterol  Search/Lucene

5976E.0503  2011-01-0115:32:36.532 null TopicView/full

B9779.1004

null

ATP lll guidelines for treatment of high blood cholesterol

2011-01-0115:44:12.225 Search/Lucene null

B9779.1004  2011-01-0115:44:58.011 null TopicView/full

B9779.1004  2011-01-0115:49:53.012 null TopicView/full

Treatment of community-acquired pneumoniain adults who require hospitalization

Treatment of community-acquired pneumoniain adults in the outpatient setting

Search query -> click-through sequence results

“pneumonia” (4961)
“community acquired pneumonia” (2245)
“cap” (2243) ‘
“community acquired pneumoniatreatment” (1116)

“pneumoniatreatment” (423)

“community acquired pneumonia” (237)

Treatment of community-
acquired pneumonia in

Treatment of community-
acquired pneumonia in

. 11953
adults who require

hospitalization

adults in the outpatient
setting

Mining UpToDate L ogs to M easure Food and Drug
Administration Alert Uptake

On August 24, 2011, the FDA published an alert describing the
risk of adverse cardiovascular events associated with higher
doses of citalopram (trade name Celexa). We examined the
uptake of this alert in the UpToDate logs relative to consumer
online media activity from the same time period. We used a
large online media collection to compare the rel ative frequency
of terms related to Celexain the UpToDate search logs and in
online news media. The online media collection consisted of
over 6 billion online news articles, news wires, and blog posts
published on the Web between 2009 and 2014 [29,30]. A single
entry included the title, time stamp, URL of the article, aswell

asthearticle content. To obtain the documents, we used Spinn3r
Web service[31] that monitors over 20 million Internet sources
to retrieve approximately 3.2 million new documents each day.

The collection represents a near-compl ete picture of US online
media space.

http://www.jmir.org/2015/8/e204/
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We obtained the daily counts of the mentions of Celexa-related
search terms in the news media collection and a cumulative
daily count of al Celexa-related search queries on a specific
day from the UpToDate logs. Using these counts, we cal culated
a 7-day moving average of the fraction of total daily search
gueriesthat were Celexarelated. Similarly, we calculated daily
counts and a 7-day moving average of the number of online
media articles that contained Celexa-related terms. To enable
an overlay of the UpToDate and online news counts, we scaled

the UpToDate counts by 10°. We considered a deviation from
the mean number of occurrences over the 2-year time period as
asignal.

Results

Overview

UpToDate use was dominated by searchesfor disease conditions
and symptoms and showed significant seasona variation. The
conditions and symptoms that had a high query volume were
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not those with the greatest burden on the US health care system.
For example, headache and viral infections were in the top 20
medical conditions searched for in the study period, but have
low relative aggregate cost and discharge rates. We also found
that several medical conditions and procedures with high overall
expenditures had low query volumes, such as heart attack and
mood disorders. The top 1% of institutions by query volume
wereresponsible for about 21% of queriesin the United States,
and issued an average of 1.7 million queries each. The rest of
the querieswerewidely distributed nationally with some queries
coming from each of thefifty states.

We summarized searches and the topic views that followed
them in three ways. For topics, we found that topics with
longer-than-average dwell times (also known as long clicks)
had significantly fewer initiating search terms than those with
shorter-than-average dwell times (short clicks). For searchterms,
we found that topic viewsinitiated by a given search term were
either, on average, longer than the mean topic view duration
(ie, that search term always results in long clicks) or were, on
average, shorter than the mean topic view duration (ie, that
search term alwaysresultsin short clicks). Finally, we elucidated
patterns of frequently occurring search and topic view
seguences, which typically started with a search for a disease
term and ended with topicsrelated to therapiesfor that disease.

Wethen characterized the "response” of the health professionals
to a 2011 FDA drug alert—about the risk of abnormal heart

Calahan et a

rhythms when taking high doses of citalopram (Celexa)—in
terms of the change in information-seeking behavior. Our
comparison of the volume of searches about citalopram (Celexa)
in UpToDate versus mentions of these terms in news sites
following a 2011 FDA alert found that the uptake of alerts by
health care professionalsin their daily work differed markedly
from that of the general public. Searches in UpToDate related
to citalopram peaked more than 10 days after the FDA alert and
theinitial spikein mentions at newssites, but persisted for much
longer.

Seasonal and Topic Trendsin UpToDate User Search
Behavior

Seasonal Distribution of UpToDate Searches

We measured the monthly frequency of the 10 most searched
diseases and drugs in any month of 2011 and 2012 (see Figure
3). There were similar spikes in searches for influenza and
Tamiflu (the trade name for oseltamivir, a flu medication) in
the early winter of 2011, and winter to early spring of 2012.
Searches for pneumonia also peaked in the winter months of
both years. Therewas asharp increasein the number of searches
for diabetes insipidus in November of 2012, representing the
disease with the highest search volume within a single month.
The most searched-for drugs were vancomycin and Bactrim
(thetrade namefor trimethoprim/sulfamethoxazol €), antibiotics
that are used to treat a variety of bacterial infections.

Figure 3. Most frequently searched diseases (top) and drugs (bottom) in 2011-2012.
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70K

 cellultis

60K /" hyponatremia
.

50K
pneumonia

40K

Count

_— diabetes insipidus
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20K
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10K
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Distribution of Searches Across Organ Systems

Figure 4 shows the distribution by type of queries about each
of the 10 magjor organ systems. The digestive system had the
highest percentage of searches, followed closely by the

http://www.jmir.org/2015/8/e204/
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cardiovascular system, while the mouth and jaw system had the
lowest percentage of searches. Queries about all body systems
were dominated by searches for diseases and symptoms.
Searches about the endocrine system included a greater
percentage of drugs. In general, queries related to medical

JMed Internet Res 2015 | vol. 17 | iss. 8 [e204 | p.152
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

procedures were much lower in percentage, and were most
represented in queries about the hemic and immune system,
digestive system, and urogenital system. Figure 4 also liststhe
10 most frequently and least frequently occurring terms related
to each organ system (note that the categories are not exclusive,

Callahanet a

because the same term may be related to multiple systems).
Characterizing the relative search volume related to the major
organ systemsisimportant for assessing the feasibility of using
the UpToDate search logs for large-scale surveillance.

Figure4. Distribution of searches across organ systems. Each organ system name is followed by the percentage of queriesrelated to that system. Each
pie chart shows the distribution of searches for that organ system grouped by their term category, followed by the 10 most frequent and 10 |east frequent
terms searched for related to that system. Searches about diseases and symptoms (dark blue) dominated most systems. Searches about the endocrine
system included a significant number of drug searches, followed by the cardiovascular system.
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Distribution of Searches Across Medical Conditions

The query volume for the medical conditions with the most
significant burden on the US health care system (quantified as
being ranked within the top 10 mean aggregate costs and/or
discharge volumes in 2011-2012) varied significantly across
conditions (see Figure 5). Some of these medical conditions
had very low query volumes in UpToDate—for example, live
births, heart attack, and mood disorders—while others, such as
septicemia and pneumonia, were frequently searched for. It is
not surprising that conditions such as live birth or heart attack
have low query volumes—these are medical events that have
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well-understood management protocols, and thusit is expected
that there is relatively little information need associated with
them.

The most-searched medical conditions (the trianglesin Figure
5) ranged from low aggregate cost and low discharge volume
to high aggregate cost. Inflammatory skin conditions and
infections had high query volume, but low aggregate cost and
number of discharges. Septicemia and pneumonia were high
on all three axes of cost, discharge, and query volume. These
conditions with high query volume and burden represent
surveillance opportunitiesfor both public health and drug sefety.
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Figure5. Medical conditionswith the highest mean aggregate cost, discharge volume, and/or UpToDate query volume over 2011 and 2012. Each point
isasingle medical condition and the size of the point represents the query volume. The shape of the point indicates if it was ranked in the top 10 by
aggregate cost, discharge volume, and/or query volume. Cost and discharge data were taken from the HCUP National Inpatient Sample.
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UpToDate User Behavior

To characterize how users search and consume UpToDate
content, we analyzed the relationship between searches that
users performed and the amount of time spent looking at the
UpToDate topics returned as results for those searches. As
described in the Methods section, we used the distribution of
topic view durations to decide the cutoff duration (143.79
seconds) to categorize each topic view asashort click or along
click. Wethen determined the proportion of long clicksfor each
topic. The left panel of Figure 6 shows the distribution of
long-click proportion across topics. We used the Hampel
identifier for outliers to determine the threshold for high (0.70)
and low (0.19) proportions of long clicks (shown as dotted lines
in the left panel of Figure 6).

Topics with a high proportion of long clicks originated from
significantly fewer unique searches than topics with mostly
short clicks. Topics with a high proportion of long clicks had
an average of 10.37 unique initiating search terms (SD 22.13)
and amedian of 4 (interquartilerange [|QR] 2) uniqueinitiating
search terms. This is significantly lower than the average of
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RenderX

29.29 (SD 50.22) and median of 12 (IQR 8) unique initiating
search terms for topics with a high proportion of short clicks
(P<.001; Mann-Whitney U test).

In contrast, the distribution of long-click proportion for searches
(the proportion of topic views with along click initiated by a
given search term) was distinctly bimodal (right panel of Figure
6). Searchestended to have either no long clicksfollowing them,
or mostly long clicks following them. This indicates that while
topics typically had a number of search terms that landed the
user on that topic and kept them reading for a long period of
time, a given search term either always resulted in long clicks
or alwaysresulted in short clicks. Table 1 liststhetop 10 search
terms (by frequency in the logs) that always resulted in short
clicks. Search terms that always result in short clicks may be
terms that are too specific to return useful content or contain a
typographical error (eg, "phenochromocytoma" and " probencid"
aremisspellings of the disease pheochromocytomaand the drug
probenecid, respectively), but some may be candidates for
addition to UpToDate content. Table 2 lists the top 10 search
terms (by frequency in the logs) that always resulted in long
clicks.
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Figure6. Distribution of long clicksin UpToDate topics (Ieft) and search terms (right). The dotted lines in the left panel indicate the threshold for low
and high long-click proportions determined using the Hampel identifier for outliers.
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Table 1. Top 10 search terms (by volume) that did not initiate any long clicks for subsequent topic views.

Term Frequency
gad7 187
adriamycin patient info 144
doxorubin patient info 109
phenochromocytoma 106
lab values in pregnancy 105
augment 86
probencid 79
dilaudid in pregnancy 71
parovirus 66
kidney ston 60

Table 2. Top 10 search terms (by volume) that initiated only long clicks for subsequent topic views.

Term Frequency
abreva 3411
bullous myringitis 3392
subchorionic hemorrhage 1904
choroid plexus cyst 1270
cerefolin 1258
estropipate 1207
moexipril 1181
postpartum hypertension 1153
tinactin 1152
flucon 1114
http://www.jmir.org/2015/8/e204/ JMed Internet Res 2015 | vol. 17 | iss. 8 |€204 | p.155
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Sequences of Searches and Topic Views

Table 3 lists the most frequently observed topic sequences of
lengths 3 and 4, and the searches that initiated them. We found
that topic sequences|onger than 4 had ahigh proportion of topic

Calahan et a

"switching" (alternating repeatedly between two topics) and are
thus not shown. These topic sequences had a common pattern:
atopic view for a disease or condition concept was followed
by topic views for drugs or treatments for the disease.

Table 3. The 10 most frequently observed topic view sequences of size 3 or 4, and the search terms that initiated them.

Topic view sequence (frequency)

Initiating search terms (frequency)

Cellulitisand erysipelas — Clindamycin: drug information — Clindamycin (systemic):
drug information (14,463)

Onychomycosis — Terbinafine: drug information — Terbinafine (systemic): drug informa-
tion (8234)

Onjunctivitis — Erythromycin: drug information — Erythromycin (ophthalmic): drug in-
formation (5938)

Treatment of clostridium difficile infection in adults — Metronidazole: drug information
- Metronidazole (systemic): drug information (5923)

Treatment of acute pancreatitis — Predicting the severity of acute pancreatitis — Calculator:
Ranson criteriafor pancrestitis prognosis — Calculator: Apache |1 scoring system (1219)

Management of acute exacerbations of chronic obstructive pulmonary disease -~ Manage-
ment of infection in acute exacerbations of chronic obstructive pulmonary disease -
Azithromycin: drug information — Azithromycin (systemic): drug information (565)

Overview of diaper dermatitisin infants and children — Nystatin: drug information —
Nystatin (topical): druginformation — Nystatin (topical): pediatric drug information (522)

Acute uncomplicated cystitis and pyelonephritisin women — Ciprofloxacin: drug infor-
mation — Ciprofloxacin (ophthalmic): drug information — Ciprofloxacin (systemic): drug
information (416)

Overview of acute pulmonary embolism — Diagnosis of acute pulmonary embolism -
Treatment of acute pulmonary embolism — Anticoagulation in acute pulmonary embolism

cellulitis (10,434), cellulitis treatment (2055), erysipelas
(260), skin infection (219), facia cellulitis (171)

onychomycosis (3421), onychomycosistreatment (1433),
onchomycosis (531), toenail fungus (524), nail fungus
(476)

conjunctivitis (2738), conjunctivitistreatment (801), pink
eye (603), bacterial conjunctivitis (422), conjunctivitis
(292)

c diff (1947), c diff treatment (454), clostridium difficile
treatment (439), clostridium difficile (416), c. diff (357)

pancreatitis (731), acute pancreatitis (303), pancreatitis
treatment (73), acute pancrestitistreatment (52), gallstone
pancreatitis (23)

copd exacerbation (350), copd (98),

copd exacerbation treatment (80),

copd exacerbation antibiotics (24), copd exac (8)

diaper rash (350), diaper dermatitis (71), diaper rash

treatment (36), diaper candidiasis (19), candidal diaper
rash (18)

uti (276), urinary tract infection (52), cystitis (31), uti
treatment (26), pyelonephritis (16)

pulmonary embolism (311), pe (50), pulmonary embolus
(D)

(392)

Monitoring Responseto a Food and Drug
Administration Alert Using UpToDate and Online
Media Activity

Finally, we used user search activity as seen in UpToDate logs
to monitor the response of health care professionals to FDA
alerts. Specifically, we measured the rel ative volume of searches
about the antidepressant drug citalopram (trade name Celexa)
prior to and following the August 24, 2011 FDA warning about
the risk of abnormal heart rhythms when using citalopram. As
described in the Methods, we compared the relative query
volumein UpToDate to the rel ative volume of mentionsfor the
drug in online media (see Figure 7 and Multimedia Appendix
1).

Online media showed a small surge in Celexa-related termson
the same day as the aert, and showed a sharp rise in the
following days peaking at approximately 10 days. In contrast,
the UpToDate query volume for Celexa did not increase until

http://www.jmir.org/2015/8/e204/

10 days after the FDA dert but had sustained high query
volumes for approximately the next 60 days, long after
Celexarrelated activity in the general online media returned to
abasdline level.

The number of unique search termsthat initiated Celexa-related
topic views was much higher after the alert (see Table 4), but
the proportion of long clicks for those topics was lower after
the alert. This difference was even more pronounced when
considering only the 2 months prior to and after the alert (data
not shown). The average topic view duration for Celexa pages
was also significantly lower after the FDA dert (842.31 seconds
in the ~9 months before the alert compared to 744.36 seconds
in the ~9 months after the alert).

Search specificity also increased following the FDA aert. The
number of searches for “citalopram” or “Celexa’ with terms
“long qt,” “heart,” or “rhythm” was only 2 before the aert and
34 after the aert, demonstrating the effect of the FDA alert.
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Figure 7. Scaled 7-day moving average of UpToDate query volume (red), 7-day moving average of media activity (blue), and raw media activity
volume (grey) related to Celexa prior to and following the August 24, 2011 FDA warning (date indicated by the green dotted line).
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Table 4. Number of unique search terms that initiated Celexa (citalopram) topic views, and the proportion of long clicks for those topics before and

after the August 24, 2011 FDA warning.

Topic Number of unique search terms Proportion of long clicks

Before alert After alert Before alert After alert
Citalopram: Drug information 489 683 0.376 0.354
Citalopram: Patient drug information 183 303 0.262 0.247
Citalopram: Pediatric drug information 43 63 0.395 0.301

Discussion

Principal Findings

This is the first study profiling the online search behavior of
medical professionals using adedicated evidence-based medical
information resource. Our findings can inform changes in the
design of resources such as UpToDate. For example, search
termsthat only resulted in short clicks (indicating that the results
were not useful to the searcher) potentially identify the need for
new content or new search terms, while search terms and topics
that have only high proportions of long clicks represent
well-covered topics. Searches that have a seasonal variation in
volume, such as searchesfor influenzaand related medications,
could be highlighted in the appropriate season to make the
content more accessible. Such analyses can improve the
utilization of the content by taking into account user

http://www.jmir.org/2015/8/e204/

behavior—an activity that consumer Web companies routinely
undertake.

Recent work on mining Web logs in the medical domain has
been concerned with pharmacovigilance using consumer logs
[13,16,32]. These studies use statistical methods to detect
significant single- and multi-drug adverse event association
signals from consumer search logs, taking into consideration
thelength of time between searchesfor drugs and adverse events
and using known drug-induced adverse events as gold standards
to evaluate the performance of their methods. For example, an
analysis of consumer search logs showed that evidence of a
multi-drug adverse event association between hyperglycemia,
pravastatin, and paroxetine could be detected by quantifying
thedisproportionality of searchesabout hyperglycemiaoccurring
with searches about both pravastatin and paroxetine, as
compared to its co-occurrence with searchesfor only one of the
drugs [32]. A second study demonstrated that combining data
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from the FDA Adverse Event Reporting System (FAERS) with
consumer search logsimproved accuracy of adverse drug event
detection by 19%, compared with using either source alone[16].
Our findingsin thiswork and in arecent preliminary study [33]
indicate that incorporating search logs of health care
professionals for pharmacovigilance is a promising approach.

The uptake of the 2011 FDA alert for citalopram was clearly
reflected in UpToDate logs, demonstrating the potential of this
data source asameansto assessthe efficacy and measure uptake
of FDA alerts by health care professionals. Thisfinding isalso
supported by previous work demonstrating the analysis of
UpToDate usage logs to monitor influenza epidemics [24]. In
combination with a recently published time-indexed reference
set of adverse drug reactions extracted from recent FDA label
changes and warnings [34], UpToDate logs could enable a
large-scale analysis of physician responseto FDA label changes
and alerts. Our data extract (from 2011-2012) does not overlap
with the time-indexed label changes. However, with access to
recent data, such an analysis hasthe potential to inform the FDA
of the effectiveness of their alerts more broadly.

Search log analysis may offer additional opportunities for
surveillance by measuring changesin search volume about organ
systems, diseases, and drugs over time, aswell asby quantifying
the relationship between changes in search volume and
associated events. Such surveillance can monitor infectious
disease outbreaks or watch for changes in the prevalence of
health conditionsthat are asignificant burden on the health care
system. Development of methods to monitor such changes is
possible and has been previously demonstrated by the use of
consumer Internet search logsto predict health care utilization,
detect flu outbreaks, and to track prescription drug use. The use
of health professional search logs to improve upon such use
cases is a research area with the potential to improve public
health through earlier warning of disease outbreaks and to
improve drug safety surveillance by monitoring physician
response to FDA communications to assess their efficacy.

Limitations

Thereare severa limitationsto our approach. Whilethelocation,
time, and associated user license of UpToDate searches and
topic views are known, we do not have information on the
identity of UpToDate users. We expect that the vast majority
of licensed UpToDate users are health care professionals (ie,
medical doctors, nurse practitioners, and/or researchers), but it
is possible that some of the logs capture UpToDate use by
patients or other types of consumers. Similarly, aunique session
identifier relates searches and topic page views, but it is possible
that within a single session there were multiple users with
distinct information needs and behavior. Relying on the raw
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logs, we are unable to identify user switching within sessions,
and as a result may have associated searches and topic views
that were actually performed by different usersand aretherefore
unrelated. However, research has been dedicated to devel oping
methods for automatically determining session boundaries in
Web log data (including user switching)—for example, in work
by Goker and He [35] and Murray et a [36]—which may be
used to addressthis potential shortcoming. Also, asnotedinthe
Methods, weignored topic view eventsthat were thefinal event
in a session because it was not possible to calculate page view
duration for thosetopic views. Thisreduced the number of topic
view events available for analysis by 22%; the remaining 78%
of topic views spanned 63% of all ons. Finaly, our findings
are based on arelatively short surveillance period of 2 years—an
analysis of logs from a longer period could revea new
associations or associations of differing strength.

More generally, data mining approaches applied to Web-scale
search data may have methodological shortcomings. In early
2013 it was found that the Google Flu Trends system was
overestimating flu prevalence, predicting values much higher
than estimates from the Centers for Disease Control. Such
inaccuracies may occur when methods are not recalibrated to
adjust for temporal fluctuations that have an external cause,
such as media coverage of the unusual 2012-2013 flu season
resulting in more flu-related searches [37]. An analysis of
Google Flu Trends data found that its prediction errors from
week to week were correlated to each other and exhibited
seasonality [38], suggesting that additional confounding
variables (including changes to Google search algorithms
themselves) may be partly responsible for changesin observed
search term prevalence. Such potential confounders should be
considered when interpreting our FDA alert findings, but could
not be included in our analysis because we do not have access
to UpToDate search engine features or ranking algorithms.

Conclusions

Our results demonstrate that mining UpToDate search logs
offers unique insight into the information-seeking behavior of
health care professionals, and the relationship between this
behavior and health care utilization associated with disease
states. Our results allow usto understand theinformation needs
of health professionas in their day-to-day practice and the
relationship between search terms and topic views—a large
fraction of which include a disease or condition concept
followed by drugs or treatmentsfor the disease. Lastly, wewere
able to use UpToDate to quantify the uptake of the FDA alert
for a serious drug adverse event, illustrating a novel use of
analyzing search behavior to monitor responses to FDA alerts
at anationa level.
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Multimedia Appendix 1

Scaled 7-day moving average of UpToDate query volume (red), 7-day moving average of media activity (blue), and raw media
activity volume (grey) related to Celexa for al of 2011-2012, prior to and following the August 24, 2011 FDA warning (date
indicated by the green dotted line).
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Abstract

Background: Electronic cigarettes (e-cigarettes) continue to be agrowing topic among social mediausers, especially on Twitter.
The ability to analyze conversations about e-cigarettes in real-time can provide important insight into trends in the public’'s
knowledge, attitudes, and beliefs surrounding e-cigarettes, and subsequently guide public health interventions.

Objective: Our aim was to establish a supervised machine learning algorithm to build predictive classification models that
assess Twitter data for arange of factorsrelated to e-cigarettes.

Methods: Manual content analysis was conducted for 17,098 tweets. These tweets were coded for five categories. e-cigarette
relevance, sentiment, user description, genre, and theme. Machine learning classification modelswere then built for each of these
five categories, and word groupings (n-grams) were used to define the feature space for each classifier.

Results: Predictive performance scores for classification models indicated that the models correctly labeled the tweets with the
appropriate variables between 68.40% and 99.34% of the time, and the percentage of maximum possible improvement over a
random baseline that was achieved by the classification models ranged from 41.59% to 80.62%. Classifiers with the highest
performance scores that also achieved the highest percentage of the maximum possible improvement over a random baseline
were Policy/Government (performance: 0.94; % improvement: 80.62%), Relevance (performance: 0.94; % improvement: 75.26%),
Ad or Promotion (performance: 0.89; % improvement: 72.69%), and Marketing (performance: 0.91; % improvement: 72.56%).
The most appropriate word-grouping unit (n-gram) was 1 for the majority of classifiers. Performance continued to marginally
increase with the size of the training dataset of manually annotated data, but eventually leveled off. Even at low dataset sizes of
4000 observations, performance characteristics were fairly sound.

Conclusions: Social media outlets like Twitter can uncover real-time snapshots of personal sentiment, knowledge, attitudes,
and behavior that are not as accessible, at this scale, through any other offline platform. Using the vast data available through
social media presents an opportunity for socia science and public health methodologies to utilize computational methodologies
to enhance and extend research and practice. This study was successful in automating a complex five-category manual content
analysis of e-cigarette-related content on Twitter using machine learning techniques. The study details machine learning model
specificationsthat provided the best accuracy for datarelated to e-cigarettes, aswell asareplicable methodology to allow extension
of these methods to additional topics.

(J Med Internet Res 2015;17(8):€208) doi:10.2196/jmir.4392
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social media; Twitter; e-cigarette; machine learning
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Introduction

As evidenced by the announcement of “vape” as the Oxford
dictionary word of the year in 2014, electronic cigarettes
(e-cigarettes) are relevant and of interest to the general public
[1]. Although the topic is pervasive to the general public, there
isno definitive scientific evidence on the saf ety or effectiveness
of e-cigarettes [2]. Furthermore, there is limited evidence on
public knowledge, attitudes, and behaviorsrelated to e-cigarettes
[3-5]. Thisinformation is critical to guiding the development
of public health communication, policies, and interventions
regarding e-cigarettes.

With 74% of online adults using someform of social media[6],
the digital landscape is continuing to evolve, and social media
platforms such as Twitter have become platforms for public
discourse at alocal and global level on avariety of topics and
events, including health and politics [7]. These discussions
generate a massive amount of data that represent unfiltered
public opinion and provide a unique opportunity for social
science and public health research, especially for rapidly
evolving topics, such as e-cigarettes.

Behavioral science and public health researchers traditionally
turn to surveys, focus groups, and in-depth interviewsto explore
a particular topic. However, these techniques often require
considerable resources, such as time and money. Additionally,
these methodol ogies are subject to biases related to querying a
person in a research setting that can affect the validity of
findings (eg, socia desirability bias). Furthermore, the landscape
on some topics evolves rapidly and thus requires research that
can be conducted quickly and with minimal resourcesin order
to ensure that public health efforts are abreast of public
knowledge, attitudes, and behaviors. Twitter analysisiscurrently
avery active research areathat offers an abundance of data for
the behavioral and social sciences. The examination of thisdata
can uncover trendsin knowledge, attitudes, and behavior; inform
public health and public policy; and pave the way for
interventions delivered via social media, especially in the case
of tobacco use and cessation [8-12]. The breadth of social media
data available alows researchers to circumvent the
af orementioned issues and explore opportunitiesto analyzethis
data, thus giving rise to infodemiology and infoveillance—the
analysis of Internet content and electronic data sources to
identify health-related trends and disease outbreaks [13]. This
field may also be referred to as digital epidemiology or digital
disease detection [14].

In 2009, Google Flu Trends aggregated search engine queries
to track influenza activity in the United States, which strongly
correlated with official surveillance datafrom the Influenza-like
I1Iness Surveillance Network [15]. Google Flu Trendswas able
to detect regional outbreaks before conventional Centers for
Disease Control and Prevention surveillance systems, bringing
infoveillance and infodemiol ogy closer to true real-time public
health surveillance [16]. However, the methodology used was
subject to biases and its influenza incidence predictions have
often fallen short of reality [17]. Similarly, Chew and Eysenbach
used infodemiology methods to monitor Twitter trends
surrounding HIN1 in 2009, which included the adoption of the
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WHO-recommended term “H1N1" over “swineflu”, the use of
retweets to disseminate information (versus opinions and
personal experiences), and an early attempt at implementing
automated analysis to monitor and analyze tweets in real-time
[18]. Paul and Dredze [19] found that Twitter data correlate
with public health metrics and knowledge such as syndromic
surveillance to identify flu outbreaks, sentinel surveillance to
identify the correlation of geographic behavioral risk factors
and disease such astobacco use and cancer, and the combination
of both types of surveillance to identify seasonal allergies by
geographic region, which lends further support for the use of
social mediadata as cheaper and faster to obtain in comparison
to survey data. Infodemiology via Twitter has also been used
in studies tracking sentiment and informedness during natural
disasters, misuse of antibiotics, and other public health issues
and patterns [12,20-22].

Despite the widespread application of Twitter data for
infodemiology, skeptics warn that the signal-to-noise ratios
from sources like Twitter are very low and the demographics
represented on Twitter represent younger voices with a larger
proportion of minorities, making Twitter results less
representative of the general public [23]. Nonetheless, as this
area of research and application advances, there is increasing
attention paid to the ethical challenges that arise from use of
publicly available data and how to conduct research that
acknowledges and addresses those challenges[14]. For example,
Yin et a [24] developed a method to detect whether tweets
originate from accounts run by individuals or accounts run by
companies or organizations, thus providing opportunities to
improve the signal-to-noise ratio when using Twitter data for
infodemiology and infoveillance.

Given the growing opportunities for infodemiology in public
health, it is important to continue improving upon existing
methodol ogiesfor behavioral science and public health in order
to increase accuracy and efficiency, aswell as determining how
best to utilize computational techniques to support traditional
public health methods. Recent studies have implemented manual
content analyses of data obtained via Twitter in order to assess
public sentiment on the emerging topic of e-cigarettes[25] and
the extent of e-cigarette marketing via Twitter [26]. Building
on this, our research team developed a five-category coding
scheme to classify and identify trends in public conversations
about e-cigarettes based on information culled from Twitter
over a 1-year period.

Thisresearch extended the science on previous manual content
analyses for e-cigarettes because the five categories included
in the manua content analysis were crafted specifically to
inform public health communication, intervention, and research
by focusing not only on sentiment about e-cigarettes and content
of messages, but also important detail s such as characterization
of the speaker. Findings from the manual content analysis and
subsequent correlational analyses study revealed trends in
e-cigarette conversations via Twitter. Results showed not only
sentiment of tweets, but al so the type of Twitter user discussing
various categories of content, and how the conversation (and
types of Twitter users driving that conversation) shifted over
time. For instance, advertising and promotion-related tweets
were the single largest content theme category, followed by
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policy-related and then health-related tweets. Additionally,
everyday users of Twitter generated a greater percentage of
marketing-related tweets than retailers or tobacco companies,
and everyday users of Twitter were aso the top producers of
tweets demonstrating first-person use or intent to use e-cigarettes
with e-cigarette use.

While findings from this study are informative, the e-cigarette
landscape continues to grow and thus, the manual content
analysis would need to be replicated over time in order to
continueto discover trends. Manual annotation of datarequires
considerable resources and time [27]. There is an opportunity
to utilize computational methods such as machine learning to
enhance and extend traditional public health methods. However,
itiscritical to explorethe best computational modelsto support
the task of automating the classification of Twitter data.

The purpose of this study was to determine feasibility of using
computational natural language processing-based supervised
machine learning techniques to replicate findings of a
five-category manual content analysis of Twitter data related
to e-cigarettes by using the manually coded data as a training
set to train machine learning algorithms. This research builds
on that of thetri-axia coding scheme used by Myslin et a [25];
however, the current study is unique in that it uses a more
complex five-category coding scheme. Findingsfrom the current
study stand to provide insight into specific methodological
considerations (eg, type of classification algorithm, size of word
grouping analysis unit, and amount of information necessary)
that enhance the performance of computational modelsdesigned
to identify specifics of e-cigarette-related content on Twitter
such as relevance, type of Twitter user, sentiment towards
e-cigarettes, and more. Study findings stand to inform the
development of public health-related infodemiology tools that
may be deployed retrospectively and in real-time to explore
public opinion on rapidly devel oping topics such as e-cigarettes.

Methods

Overview

In this study, supervised machine learning was used to build
predictive classification models that assess Twitter data for a
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range of e-cigarette—related factors. Multiple classification
modelswere created that varied by underlying machinelearning
classification technique and word-grouping units (ie, n-grams).
Performance of classification modelswas assessed using 10-fold
cross validation. Additionally, adequacy of sample size for
manually coded content was determined by plotting model
performance against varying sample sizes to build learning
Curves.

Data Collection and Manual Annotation

The corpus of tweets that formed the basis of this analysis was
acquired from Gnip, a provider of historica Twitter data.
Strategic keywords were used to collect historic tweets
potentially related to e-cigarettes between May 1, 2013, and
May 1, 2014. Keywords were selected by building on keyword
listsused for similar research in the literature and adapted based
on information of interest for the purposes of this study
(Multimedia Appendix 1) [25]. Gnip provided all tweets meeting
the keyword search during the time frame, which yielded 3.7
million tweets. Manual content analysis was conducted for a
randomly selected subset of tweets, thus creating the dataset to
be used in this analysis. Tweets were coded according to a
codebook devel oped based on previous literature and adapted
for the purposes of this study [12,18,25]. Six anaysts
independently coded a subset of 250 of the same tweets until
an acceptable interrater reliability score was reached for each
of the five categories detailed in Table 1. Interrater reliability
was determined using the Fleiss' kappa statistic and a score of
at least 0.64 was obtained for each category, indicating
substantial or good agreement [28,29]. Definitions of the
categories (relevance, sentiment, user description, genre, theme)
can be found in Table 1 and Multimedia Appendix 2.

A total of 17,098 tweets were coded for relevance, of which
10,128 (59.23%) were found to be relevant and interpretable
and therefore coded for the additional categories of sentiment,
user description, genre, and theme. Of the 6970 non-relevant
tweets, 2384 (34.20%) were found to be entirely non-relevant,
whereasthe remainder were retweets with no additional context,
conversationswithout context, or duplicated tweets from auser
account that had since been suspended or was primarily being
used for spam or unwanted solicitations.
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Table 1. Supervised machine learning-based e-cigarette tweet classification categories (interrater reliability score for manual annotation).

Classification (Fleiss' kappa)

Labels

Relevance® |dentifies tweets that are related to e-cigarettes (0.70)

Sentiment® Indicates whether the stance in the tweet is positive, neutral,
or negative towards e-cigarettes and users of e-cigarettes (0.65)

User descripti on®: Characterizesthe sender of the tweet based on information
gleaned from the user profile (0.66)

Genre: Represents the format of the tweet (0.64)

Theme: Refersto the topical domain of the content in the tweet (0.65)

Relevant
Subcategory: retweet with no additional information

Subcategory: origina tweetsthat were part of aconversation and require
greater context to be interpreted

Subcategory: duplicated tweets from a user account that had since been
suspended or was primarily being used for spam or unwanted solicitations

Not relevant

Positive

Neutral

Negative

Celebrity

Government

Foundations or organizations
Reputable news source
Everyday people

E-cigarette community movement
Retailers

Tobacco company
Botshacked

Information

First person e-cig use or intent
Second/third person experience
Personal opinion

Marketing

News/update

Cessation

Health and safety

Underage usage

Craving

Other substances

Illicit substance use in e-cigs
Policy or government

Parental use of e-cigs
Advertisement/promotion

Flavors

3Binary version of this category was created in addition to multiclass version for the purposes of the analysis.

bCategori eswere mutualy exclusive and thus analyzed as multiclass.

Tweet Classification M odel Construction

Machine learning classification models were built for each of
thefive categories (relevance, user description, sentiment, genre,
theme). In order to determine the best performing classifier
model, severa variations of classification techniques and
word-grouping units (n-gram) were used (see Multimedia
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Appendices 3 and 4). In order for the classification model to
distinguish relevant tweets from non-relevant tweets, the entire
dataset of manually coded 17,098 tweets was used. All relevant
tweets (10,128) were used to build classification modelsfor the
sentiment, user description, genre, and theme.

A mathematical representation of the tweet corpus was created
based on the term frequency inverse document frequency

JMed Internet Res 2015 | vol. 17 | iss. 8 [e208 | p.165
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

transformation, which was preceded by the removal of
stopwords and tokenization of text features established on
count-based vectorization. For thefinal models, no attempt was
made to reduce the feature space by using feature selection
algorithms because exploratory analyses suggested no significant
gain in performance and a potential decrease in predictive
accuracy from implementing feature selection.

Three machine |learning classification techniques—each based
on alternative underlying statistical pattern recognition
philosophies—were tested for each classifier: Naive Bayes,
k-Nearest Neighbors, and Support Vector Machines. In addition,
word groupings (n-grams) ranging from unigrams to 5-grams
were used to define the feature space for each classifier. The
key attributes of the classification techniques used in this
analysis are discussed in Multimedia Appendix 3 [30,31].

Assessment of Model Performance and Sample Size

The preferred measure of predictive performance of the
classification modelsimplemented and reported in thisanalysis
was the accuracy score, defined as the percentage of
observations that were correctly classified in the validation
dataset. This method was chosen due to its simplicity in
interpretation, measure of overall effectiveness of aclassification
model [32], neutrality with respect to the weighting of false
positive and false negatives, ease of comparison with other
studiesin the field, and suitability for multiclass variables.

The analysis implemented 10-fold cross validation as a means
to avoid bias in the estimation of the accuracy score. This
involved dividing the manually classified data into 10 groups,
iteratively using combinations of nine distinct groups to fit the
model and the remaining group to validate the performance of
the model, and averaging the predictive performance score.

Performance scores were evaluated for each of the three
classification techniques described above for feature spaces
described by n-grams between unigrams and 5-grams. A total
of 15 classification models were thus evaluated for each
classifier (3 classification techniques Xx 5 n-gram
specifications=15 classification models). Classifier refersto the
categorical labels that were assigned during the manual
annotation process that the machine classification models seek
to correctly label. Classifiersresulting from mutually exclusive
categories (ie, user description, sentiment) were analyzed as
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multiclass (could assume one of many class values) (see Table
1). Classifiers resulting from non-mutually exclusive
categories—multilabel categories (eg, genre, theme) where one
tweet could be assigned any one or more of many class
values—were each assessed in terms of binary prediction
performance for each constituent class (could assume only one
of two class values). The relevance category was analyzed in
the form of both binary and multiclass classifiers, given that
data for subcategorization of the relevance category was aso
available. A total of 20 classifiers were assessed, each with 15
classification models.

Random accuracy baselineswere computed for each binary and
multiclass classifier to provide a point of performance
comparison. The random baseline reflects how well a
classification model would perform based on pure guesswork
combined with knowledge of the true occurrence fraction of
each class.

We assessed sample size adequacy by sequentially including
20%, 40%, 60%, 80%, and 100% of manually coded tweetsand
plotted alearning curveto visually examinewhere, if at al, the
improvement in performance score beginsto level off. Asnoted
earlier, we also quantitatively assessed the feasibility of feature
selection based on the chi-square method in improving
efficiency and accuracy for alimited number of classifiers. This
exploratory analysis concluded it was better to proceed without
feature selection for the final models. The Python programming
language version 2.7, in particular the Scikit Learn library
version 0.15.1, was used for these analyses.

Results

The predictive performance scores from the supervised machine
learning—based analyses are presented in Table 2. The table
reports accuracy scores for the best performing classification
model, with consideration to the best performing classification
technique and best word-grouping unit (n-gram) for each
classifier. As amethod of normalization, accuracy scores were
additionally evaluated in terms of the percentage improvement
achieved of the maximum possible improvement over the
random baseline. A more complete table of results, which
includes all classification models (all combinations of
classification techniques and n-grams evaluated for each
classifier), isincluded in Multimedia Appendix 4.
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Table 2. Supervised machine learning-based e-cigarette tweet classification performance results.

Classifier labels Best n-gram Accuracy score % achieved of possible improvement over random baseline
Relevance category? 1 0.75 57.25
Relevance 0.94 75.26
User description? 2 0.68 41.59
Sentiment? 2 0.76 46.05
News 1 0.93 52.26
Info 4 0.86 41.75
Personal experience 2 0.84 50.17
Second person 2 0.92 47.09
Personal opinion 2 0.79 48.93
Marketing 1 0.91 72.56
Cessation 1 0.95 58.43
Health and safety 1 0.90 56.29
Underage usage 1 0.97 58.92
Craving 2 0.97 58.43
Other substances’ 1 0.99 49.42
IHlicit substances 2 0.98 48.24
Policy or government 1 0.94 80.62
Parental use 1 0.99 54.40
Ad or promotion 1 0.89 72.69
Flavor 1 0.97 62.52

8Classifiers were multiclass. All other categories were binary.

Bk-nearest nei ghbors (kNN) was the best performing classification technique; for all other cases, linear support vector machine (SVM) was best.

Predictive performance scores for classification models ranged
between 0.68 and 0.99 indicating that the models correctly
labeled the tweets with the appropriate variables between
68.40% and 99.34% of thetime, and the percentage of maximum
possibleimprovement over arandom baseline that was achieved
by the classification models ranged from 41.59% to 80.62%.
The average performance score was 0.90 and the average
improvement over a random baseline was 56.64%. Classifiers
with the highest performance scores that also achieved the
highest percentage of the maximum possibleimprovement over
arandom baseline were Policy/Government (performance: 0.94;
% improvement: 80.62%), Relevance (performance: 0.94; %
improvement: 75.26%), Ad or Promotion (performance: 0.89;
% improvement: 72.69%), and Marketing (performance: 0.91;
% improvement: 72.56%).

All classifiers performed best using the linear support vector
algorithm with the exception of Other Substances, which
performed best with the k-Nearest Neighbors algorithm. The
most appropriate word-grouping unit (n-gram) was 1 for the
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RenderX

majority of classifiers. Twelve classification models performed
best with a unigram sequence, while seven performed best with
a bigram sequence, only one performed best with afour-gram
sequence, and none performed best with tri-gram or 5-gram
sequences.

Figures 1 and 2 display learning curves for a selection of
classifiers. These curves indicate that performance continues
to marginally increase with the size of the training dataset of
manually annotated databut beginsto level off at approximately
14,000 observations for relevance classification and
approximately 8000 (relevant) observations for topic
classification. However, even at low dataset sizes of 4000
observations, the performance characteristics are fairly sound.
All classifiers, including those not displayed, followed this same
pattern. Besides providing insight into how performance
characteristics relate to sample size, these data suggest that an
adequate training set of manually annotated data was deployed
for the current analysis.
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Figure 1. Learning curve for tweet relevance classification.
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Discussion

Principal Findings

Thiswork addsto the growing body of literature that highlights
the importance of machine learning for large, language-based
datasets of publicly available data. Using social media allows
for exploration into conversations occurring outside of the
traditional public health space, and machine learning provides
an opportunity to keep abreast of these conversationsin amore
rapid fashion. The results of this study provide an example of
the use of supervised machine learning methods to assess the
vast social medialandscape around e-cigarettes. This study used
a five-category manually coded training set to train machine
learning classification algorithms, thus categorizing
e-cigarette-related content on Twitter with relative accuracy
and detail. The findings provide insight into machine learning
techniques that are most appropriate for assessing e-cigarette
data around particular topics such as sentiment, speaker, and
genre. The study provides amethodology that can be replicated
to determine similar information about other public
health-related trends and topics. Particular aspects of this
methodology contribute to efforts to improve ethical use of
Twitter data for public health, such as improving the
signal-to-noise ratio [14]. For example, identification of the
type of Twitter account allows information to be considered in
context as opposed to considering all information disseminated
via Twitter to be equal.

Of the classification techniques examined, linear support vector
machines generally had the highest levels of predictive
performance, which is consistent with the results of some
previous text classification studies [25]. Unigrams were
generally found to be the most successful word grouping for
tweet classification, which is consistent with the short nature
of tweets and their relative performance observed in previous
studies [25,33].

The absolute performance scores from these models compare
favorably to those reported in the literature for similar short text
classification tasks [25,33]. For instance, Agarwal et al report
classification accuracy ranging from 56.31% to 60.83% for a
tertiary (positive, negative, neutral) sentiment analysis of
manually annotated Twitter data [33], with a chance baseline
of 33.33%, thus realizing from 34.47% to 41.25% of the total
achievable improvement over the chance baseline. By
comparison, our study realized 46.05% of the total achievable
improvement over the chance baseline for atertiary (positive,
negative, neutral) sentiment classifier. For the 20 binary or
multiclass variables considered in this study, this metric ranged
between 41.59% and 80.61%.

Findings from learning curves assessing classification model
performance by sample size of manually annotated data show
that the sample size used in this study was sufficient to observe
maximum performance of the classification models.
Additionally, learning curve findings provide insight to future
research to assessthe optimal sample size of manually annotated
data necessary to build such supervised machine learning
algorithms. As Figueroa et a note, manua annotation (ie,
manual content analysis) of datafor supervised machinelearning
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can be cumbersome; thus, knowledge such as that provided by
thisstudy can aid future researchersin making decisionsrelated
to optimization of the sample size for manually annotated
training sets [27].

Further analyses of the rich dataset created as part of thiswork
may contribute to the development of novel methods that could
enhance the performance of automated surveillance tools.
Unsupervised topic classification techniques could potentially
be used in creative ways to improve the performance of the
supervised learning classifier models. Machine learning—based
image classification may add an additional dimension to
automated surveillancetools ng social mediafor insights
and trends. The learning curve data developed for various
combinations of agorithms and n-grams may be fitted with
generalized mathematical functionsthat may potentially provide
abasisfor manual annotation sample sizedecision rulesin other
contexts.

Methods used in this study may find potential extensionsin the
development of automated social media infodemiology tools
that could provide insight into the evolving social media
landscape around e-cigarettes and other public heath—related
topics in rea-time, thus providing valuable information for
researchers, policy makers, and public health officials. Findings
obtained from tools such as these could be used to inform
interventions, policy, and communication strategies with
up-to-date and time relevant information. Additionally, methods
from this study can be used to support exploratory analysisand
hypothesis generation on more nuanced aspects of a particular
topic or to focus on a particular demographic or user group.
Furthermore, the discoveries that this type of infodemiology
yields could potentially be used to inform the public and test
communication strategies to influence behavior in the interest
of public health. Public health officials and researchers engaged
in behavior change interventions, such as smoking cessation
support, may even consider potentially developing custom
applications based on the detection of and responsesto particular
tweet topics (eg, youth initiation of e-cigarette use).

Even though the Twitter analysis automation was successful,
it is based on a manual content analysis, which may be subject
to bias. Despite this, the coding scheme used for the manual
content analysis was based on an existing scheme supported by
the literature [25], and our coders had acceptable interrater
reliability. For these reasons, we are confident in the validity
of the resultsand the replicability of the methodology to further
understand Twitter trends over time for e-cigarettes as well as
other health topics. The implications of replication are
far-reaching, especially as social media and other digital
platforms continue to be a venue for unfiltered, rea-time
discourse.

Conclusion

There is great potential for using new forms of data in social
science and public health. Asthe world transitions to sending
and receiving information online, social media outlets like
Twitter hold the potential to uncover real-time snapshots of
personal sentiment, knowledge, attitudes, and behavior that is
not as accessible, at this scale, through any other offline
platform. This medium is arguably one of the quickest and
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easiest means to identify trends or outbreaks and allow
researchers, public health officials, and policy makersto respond
inacollaborative way to inform the public about issuesthat can
improve the quality and longevity of their lives. Despite the
benefits of infodemiology, this nascent field presents unique
ethical challenges aswell as challenges that are inherent to the
study of public health [21].

Cole-Lewiset a

and extend research and practice. This study was successful in
automating a complex five-category manual content analysis
of e-cigarette—related Twitter content using machine learning
techniques. The study detailed machine learning model
specifications that provided the best accuracy for data related
to e-cigarettes, as well as a replicable methodology to allow
extension of these methods to additional topics. In the future,

additional research will be needed to continue to enhance these
methodologies and demonstrate their cost-effectiveness and
feasibility astools for intervention and real-time surveillance.

Aswe seek to understand the vast amount of data available via
social media, social science and public health methodologies
must adapt and use computational methodologies to enhance
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Abstract

Background: Health information obtained from the Internet has an impact on patient health care outcomes. Thereisagrowing
concern over the quality of online health information sources used by diabetic patients because little is known about their health
informati on—seeking behavior and the impact this behavior has on their diabetes-related self-care, in particular in the Middle East
Setting.

Objective:  The am of this study was to determine the online health-related informati on—seeking behavior among adult type 2
diabetic patientsin the Middle East and the impact of their online health-related information—seeking behavior on their self-care
activities.

Methods: A cross-sectiona survey was conducted on 344 patients with type 2 diabetes attending inpatient and outpatient primary
health care clinics at 2 teaching hospitals in Riyadh, Saudi Arabia. The main outcome measures included the ability of patients
to access the Internet, their ability to use the Internet to search for health-related information, and their responses to Internet
searches in relation to their self-care activities. Further analysis of differences based on age, gender, sociodemographic, and
diabetes-related self-care activities among online health-related information seekers and nononline health-related information
seekers was conducted.

Results: Among the 344 patients, 74.1% (255/344) were male with amean age of 53.5 (SD 13.8) years. Only 39.0% (134/344)
were Internet users; 71.6% (96/134) of them used the Internet for seeking health-related information. Most participants reported
that their primary source of health-related information was their physician (216/344, 62.8%) followed by television (155/344,
45.1%), family (113/344, 32.8%), newspapers (100/344, 29.1%), and the Internet (96/344, 27.9%). Primary topics participants
searched for weretherapeutic diet for diabetes (55/96, 57%) and symptoms of diabetes (52/96, 54%) followed by diabetestreatment
(50796, 52%). Long history of diabetes, familia history of the disease, unemployment, and not seeking diabetes education were
the most common barriers for online health-related information—seeking behavior. Younger age, female, marital status, higher
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education, higher income, and longer duration of Internet usage were associated with more online health-rel ated informati on—seeking
behaviors. Most (89/96, 93%) online health-related information seekers reported positive change in their behaviors after seeking
online health information. Overall oddsratio (OR 1.56, 95% Cl 0.63-3.28) for all self-care responses demonstrated that there was
no statistically significant difference between those seeking health-rel ated information online and non-health-rel ated information
seekers. However, health-related information seekers were better in testing their blood glucose regularly, taking proper action
for hyperglycemia, and adopting nonpharmacol ogical management.

Conclusions: Physicians and television are still the primary sources of health-related information for adult diabetic patientsin
Saudi Arabiawhether they seek health-related information online or not. This study demonstrates that participants seeking online
health-related information are more conscious about their diabetes self-care compared to non—health-related information seekers
in some aspects more than the others.

(J Med Internet Res 2015;17(8):€196) doi:10.2196/jmir.4312

KEYWORDS
Internet; diabetes mellitus, type 2; self-care; consumer health information; telemedicine; medical informatics; health education;

Google; eHealth; e-patients; health behavior; Middle East; Saudi Arabia

Introduction

The expansion of the Internet has enabled people al over the
world to gain access to a substantial amount of information on
avariety of topics related to health sciences, human sciences,
literature, and history [1,2]. Today, in the era of information
technology, diabetic patients have become more dependent on
online sources to access health information ubiquitously,
especially with the propagation of smartphones, tablets, and
laptops. Health-related information on the Internet for diabetes
encompasses thousands of websites, chat rooms, and support
groups that can be accessed by health consumers [2,3]. The
medical community has studied the positive effects that online
health-related information can have on patients, especially
diabetic patients [4-7]. Previously published studies related to
health information-seeking behaviors of diabetic patients have
also addressed the potential benefits of online health-related
information accessibility for diabetic patients asthey search for
information and advice about symptoms, disorders, and their
appropriatetreatmentsfor diabetes[4-7]. Anincreasing number
of patients are searching online for health information related
to diabetes. Many of these patients have low hedlth literacy
levels and may retrieve inaccurate, incomplete, or out-of-date
health information. [2,8,9]. Despite potential risks associated
with online health-related information, millions of people use
the Internet to search for diabetes-related health information.
A recent study on the hedth-related information-seeking
behaviors of a diabetes online community found that users
engaged in peer support, advocacy, self-expression, humor,
sharing, and seeking diabetes information [10]. The study also
reports on the potential risks for diabetic patients searching for
health-related information, which includes misinformation and
privacy risks. The study recommends that although the Internet
provides opportunities for communication between diabetic
patients and health care providers, more research is needed to
investigate theimpact of health-related information on diabetes
self-care [10].

In Saudi Arabia, Internet usage israpidly growing and already
dightly more than half of the population is using Internet
[11,12]. The practice of using the Internet to seek health-related
information is also common among patients in Saudi Arabia

http://www.jmir.org/2015/8/e196/

[2]. Oneof the most common and disabling diseasesthat patients
need health-related information on is type 2 diabetes mellitus.
The prevalence of type 2 diabetes mellitus in Saudi Arabiais
worrying because already 20% of the adult population has this
disease and it is expected to exceed to 25% by 2035[13,14]. A
national multistage survey study conducted in 2013 on 10,735
Saudi participants aged 15 years or older reported a high
prevalence of diabetes (13.4%). A large proportion (43.6%) of
diabetic individuals were undiagnosed before and only 29.1%
of those receiving treatment had controlled diabetes. In addition,
15.2% were borderline diabetic. These numbers are alarming
because they indicate atotal of 1,745,532 diabetic and 979,953
borderline diabetic Saudis[15]. According to the International
Diabetes Federation (IDF), Saudi Arabia has the fastest rate of
growth of diabetes among the Middle East and North Africa
(MENA) countries and the seventh highest in the world [13].
However, despite the high penetration of the Internet in Saudi
society, there is a scarcity of existing research on the effect of
diabetes health-related information-seeking behavior and its
impact on self-care. The purpose of thisstudy isto (1) determine
online health-related i nformati on-seeking behavior among Saudi
adult patients diagnosed with type 2 diabetes and (2) evaluate
theimpact of online health-related informati on-seeking behavior
among diabetic patients on their self-care.

Methods

Study Design

The data for the current study were derived from a
hospital-based cross-sectional survey conducted on a
convenience sample of adult Saudi male and female patients
diagnosed with type 2 diabetes in an outpatient and inpatient
Setting.

Setting

The study was conducted at King Saud University Medical City,
Riyadh, Saudi Arabia, from February 28 to the end of March
2013. King Saud University Medical City consistsof 2 teaching
hospitals, which aretertiary referral hospitalswith magjor primary
health care outpatient/inpatient departments and serves patients
of al sociodemographic levels in Riyadh and other parts of
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country. Thus, a person in Saudi Arabia can use their services
freely without restriction to a specific catchment area.

Participants

The target population was patients aged 16 years or older
diagnosed with type 2 diabetes according to the American
Diabetes Association’s Sandards of Medical Carein Diabetes
guidelines [16]. All medical staff caring for diabetic patients
(eg, physicians, nurses, technicians) was excluded from the
study. Additionally, those who were not fluent in Arabic or
English language were al so excluded.

Sample Size

The diabetic patients were enrolled from outpatient and i npatient
areas of the previously mentioned hospitals. The single
proportion formula was used to calculate the sample size with
95% confidence level and 5% confidence interval [2]. Thetotal
sample size targeted in data collection of the present study was
344 diabetic patients.

Data Collection

The study instrument was a structured questionnaire devel oped
in both English and the Arabic language and was adapted from
previous work. The questionnaire included the following
sections: (1) demographic information, (2) general Internet
usage, (3) online health-related informati on—seeking behavior,
and (4) questions related to self-care. The survey questionnaire
was pilot-tested on 20 hospital volunteers at King Khalid
University Hospital, Riyadh, to determine participants' level of
comprehension. The results of the pilot study have not been
included in this paper. Our trained team of researchers
completed the survey by interviewing the participants
individually in their preferred language of Arabic or English.
The survey was conducted between February 28 and March 31,
2013. The questionnaire was validated through the pilot study
feedback. A Cronbach apha of greater than .6 was aso
determined for the instrument reliability.

Data Analysis

The study datawere collected and entered into acomputer using
standardized entry codes. For all tests, statistical significance
was set at P<.05. Descriptive statistics were used to present
means, standard deviations, and percentages. In addition, Student
t test, z proportional test, and chi-square tests were employed
to compare group variables between sexes, age groups, and
other demographic variables. The relationships between
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demographic and Internet search for health-related information
| self-care were assessed using binary unconditional multiple
logistic regression analysis. The questionnaires were converted
into binary datato run binary logistic regression. Adjusted odds
ratios and the corresponding 95% confidence intervals (Cls)
were calculated for each independent variable. Modeling was
performed with the goal of selecting the most parsimonious and
reasonable explanatory model that explained the relationship
between independent and dependent variables. For bivariate
analyses, all available data points were utilized. However, for
multivariable analyses (logistic regression), a dataset was
constructed that only had complete values for all relevant
variables across the observations, thereby discarding the
observations that had missing values for any of the variables
involved in the regression analysis. This strategy was adopted
to maintain comparability between models so that they could
be developed from the same denominator. Factor subgroups
were recombined for use in logistic regression analysis to
prevent quasi-separation of cells resulting from compact cell
sizes, which allowed the models to converge and yet provided
for meaningful analyses. All analyses were conducted in SPSS
version 21 (SPSS Inc, Chicago, IL, USA).

Ethics Statement

All participants were informed about the aim of the study and
their verbal consent for participation was recorded. The study
was approved by the Institutional Review Board at the College
Of Medicine, King Saud University, Riyadh, Saudi Arabia, and
was conducted in accordance with the declaration of Helsinki
for Human Studies[3].

Results

Response Rate and Demogr aphic Information

Of the 394 patients we approached to participate in the study,
344 (87.3%) completed the survey, whereas 37 of 394 (9.4%)
participants decided not to take part in survey due to a
concurrent scheduled physician appointment and 13 of 394
(3.3%) withdrew from the study dueto lack of timeto complete
the survey.

Of the 344 diabetes patientswho wereinterviewed, 255 (74.1%)
were males. The overall mean age of participantswas 53.5 (SD
13.8) years (males: mean 54.2, SD 14.1, range 16-84 years,
females: mean 51.5, SD 12.9, range 19-80 years). Further
demographic features are presented in Table 1.
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Table 1. Sociodemographic details of samples based on age group and gender.

Sociodemographic characteristics Total, n (%) Ageband, n (%)
N=344
>45 years <45 years
n=255 n=89
Mae Female Mae Female
n=192 n=63 n=63 n=26
Patient place
Outpatient 302 (87.2) 169 (88.1) 55 (87) 54 (86) 24 (92)
Inpatient 42 (12.2) 23(11.9) 8(13) 9(14) 2(8)
Diabetes duration
1-5 years 85 (24.7) 35(18.2) 17 (27) 22 (35) 11 (42)
6-10 years 71(20.6) 39(20.3) 15 (24) 19 (30) 10 (39)
11-15 years 105 (30.5) 41 (21.4) 15 (24) 13(21) 2(8)
216 years 83(24.1) 77 (40.1) 16 (25) 9(14) 3(12)
Areany of your first-degree relatives diabetic?
Yes 267 (77.6) 143 (74.5) 52 (83) 50 (79) 22 (85)
No 77 (22.4) 49 (25.5) 11 (18) 13(21) 4(15)
Marital status
Single 26 (7.6) 2(L0) 1(2) 17 (27) 6(23)
Married 291 (84.6) 187 (97.4) 42 (67) 46 (73) 16 (62)
Divorced 1(0.3) 1(0.6) 2(3) 0(0) 3(12)
Widowed 0 2(10) 18 (29) 0(0) 1(4)
Educational level
Intermediate school or lower 126 (36.6) 67 (34.9) 50 (79) 4 (6) 5(19)
High school 112 (32.5) 67 (34.9) 11 (17) 23(37) 11 (42)
University 94 (27.3) 49 (25.5) 2(3) 33(52) 10 (39)
Postgraduate 12 (3.4) 9(4.7) 0(0) 3(5) 0(0)
Occupation
Employed 125 (36.3) 60 (31.3) 9(14.3) 46 (73) 10 (39)
Private business 40 (11.6) 27 (14.1) 5(8) 8(13) 0(0)
Student 14(4.1) 0(0) 0(0) 10 (16) 4(15)
Unemployed 61 (17.7) 14(7.3) 35 (56) 12 11 (42)
Retired 129 (37.5) 108 (56.3) 17 (27) 2(3) 2(8)
Household average monthly income (SR)
<5000 13(3.8) 43 (22.4) 39 (62) 17 (27) 12 (46)
5000-10,000 96 (27.9) 52 (27.1) 16 (25) 22 (35) 6 (23)
10,000-15,000 67 (19.5) 45 (23.4) 5(8) 12 (19) 5(19)
15,000-20,000 39(11.3) 31(16.2) 2(3) 5(8) 2(8)
>20,000 30(8.7) 21(10.9) 1(2) 7(11) 1(4)
Did you receive diabetes education?
Yes 138 (40.1) 80 (41.7) 12 (19) 37 (59) 9(35)
No 206 (59.9) 112 (58.3) 51 (81) 26 (41) 17 (65)

Do you usethe Internet?
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Sociodemographic characteristics Total, n (%)

Age band, n (%)

N=344
>45 years <45 years
n=255 n=89
Mae Female Male Female
n=192 n=63 n=63 n=26
Yes 134 (38.9) 60 (31.2) 8(13) 51 (81) 15 (58)
No 210 (61.0) 132 (68.8) 55 (87) 12 (19) 11 (42)

Only 134 of 344 (39.0%) of the interviewed patients were
Internet users in general. The majority of Internet users were
from younger age groups (Figure 1). Among those who used
the Internet, 89.6% (120/134) had accessto the Internet at home,
44.8% (60/134) had access at work, and 63.4% (85/120) had
accesson their mobile phone. Younger patientswere morelikely
to be Internet usersthan older patientsand Internet use declined
with increasing age (Figure 1). Similarly, Internet use for
health-related information was higher among younger
participants. All females (23/23, 100%) who were already using
the Internet in general were also using it to seek health-related
information, whereas only 65.8% (73/111) of male participants
who were already using Internet in general were also using it
for health-related information (phi —0.286391, P<.001) (Figure
2). But this pattern was lower for the additional age band and
no femae aged 60 years or older used the Internet for
health-related information. Most Internet users (105/134, 78.4%)
reported effective (good/very good) skills of Internet searching

Table 2. Characteristics of Internet usersincluded in the study.

(Table 2). The mgjority of online health-related information
seekers (76/96, 79%) reported that their main source of
information was still their physician. However, only 96 of 134
Internet users (71.6%) reported using the Internet for
health-related information with a mean search frequency of 6.4
(SD 9.9) times per month and a median of 2 (IQR 1-5) times
per month (Table 2). Among all surveyed participants (N=344),
most of the non-Internet usersreported that their primary source
of health-related information was their physician (216/344,
62.8%) followed by television (155/344, 45.1%), family
(113/344, 32.8%), and newspapers (100/344, 29.1%), whereas
66 of 344 (19.2%) stated nonefor any health-related information
sources (Figure 3). It was observed that online health-related
information seekers used avariety of health-related information
sources and these sources were preferred significantly by online
health-related information seekers compared to the seekers of
non-health-related information (Figure 4).

Characteristics Total, n (%)

Age band, n (%)

n=134
>45 years <45 years
n=68 n=66
| have accessto the I nternet
At home 120 (89.6) 59 (87) 61 (92)
At work 60 (44.8) 32 (47) 28 (42)
On my mobile phone 85 (63.4) 42 (62) 43 (65)
Frequency of use per month
0-5 times 75 (55.9) 42 (62) 33 (50)
6-10 times 8(6.0) 5(7) 3(5
>11 times 13(9.7) 5(7) 8(12)
Rating of searching skills
Very good 51(38.1) 22(32) 29 (44)
Good 54 (40.3) 25(37) 29 (44)
Fair 22 (16.4) 15 (22) 7(11)
Poor 7(5.2) 6(9) 12
Have you used the I nternet to search for health infor-
mation?
Yes 96 (71.6) 52 (77) 44 (67)
Never 38(28.4) 16 (24) 22 (33)
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Figure 1. Distribution frequency of Internet use among diabetic patients by age.
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Figure 3. Sources of health-related information for online and nononline health-related information seekers.
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General Internet Usage

The mgjority of online health-related information seekers used
Google as the primary search engine to look for the health
information (94/96, 98%) followed by Bing (2/96, 2%), whereas
no one selected the Yahoo search engine. The criterion for how
they selected the link from the search result list was related to
the perceived compatibility with thewords they searched (62/96,
65%), followed by first link in the search result (25/96, 26%),
and lastly URL type (eg, org/gov/edu/com) (12/96, 13%). The
most frequent website used by study participants was Google
(48/96, 50%) followed by Twitter (25/96, 26%); the Saudi
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Charitable Association of Diabetes and Wikipedia shared the
same percentage (18/96, 19%) (Figure 4). Themgjority of online
health-related information seekers were searching for general
health knowledge (64/96, 67%) followed by treatment of health
problems (47%, 45/96) (Table 2). Whereas for diabetes-related
information, the primary topics the participants were looking
for were related to therapeutic diet for diabetes and symptoms
of diabetes, followed by diabetes treatment and causes of
diabetes (Table 3). Most of the online health-rel ated information
seekers (89/96, 93%) reported positive changein their behaviors
after seeking online health information.
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Table 3. Characteristics of online health-related information seekers included in the study.

Characteristics of health-related information seeker

Total, n (%) Age band, n (%)

n=96
>45 years <45 years
n=52 n=44
Wheredo you start looking for information on the Internet?
MSN 22 1(2) 1(2)
Google 94 (98) 51 (75) 43 (65)
Yahoo 0(0) 0(0) 0(0)
Bing 0(0) 0(0) 0(0)
What wasthe primary reason you asked/looked for health information during the past year?
Manage health 45 (47) 20 (29) 25(38)
Diagnose health problem 29 (30) 15 (22) 14 (22)
Info about diseases prevention 26 (27) 17 (25) 9(14)
For general health knowledge 64 (67) 36 (53) 28 (42)
For health and wellness info 33(34) 25 (37) 8(12)
Identify symptoms of health condition 11 (11) 7 (10) 4(6)
For answering a specific question 21(3) 10 (15) 11(17)
Other (please specify) 3(3) 2(3) 1(2
What was the primary type/topic of health information that you asked about or looked for during the past year?
What is diabetes 38 (40) 19 (28) 19 (29)
Symptoms of diabetes 52 (54) 27 (40) 25(38)
Causes of diabetes 48 (50) 23 (34) 25(38)
Diagnosis of diabetes 24 (25) 13(19) 11 (17)
Side effects of diabetes medications 34 (35) 21 (31) 13 (20)
Lifestyle management 31(32) 16 (24) 15(23)
Diabetes treatment 50 (52) 30 (44) 20 (30)
Specific health condition info 9(9) 9(13.2) 0(0)
Therapeutic diet for diabetes 55 (57) 29 (43) 26 (39)
Therapeutic diet to lose weight 35(36) 20 (29) 15(23)
Complications of diabetes 31(32) 19 (28) 12 (18)
Other (please specify) 2(2 2(3) 0(0)
After seeking health information and finding thisinformation, did your health behavior change for the better?
Yes 89 (93) 46 (898) 43 (998)
No 7(7) 6 (12) 1(2)

Online Health-Related | nfor mation Seeking Behavior

Logistic regression was performed to assess the impact of a
number of sociodemographic factors on online health-related
information seeking behavior (Table 4). The model contained
10 independent variables (sex, age band, marital status,
education, income, occupation, diabetes duration, diabetes
education, genetic run of diabetes). The full model containing
all predictors was statistically significant (P<.001) indicating
that the model was able to distinguish between respondents who
used Internet for health-related information and correctly
classified 72.3% cases. The strongest predictor was found to be

http://www.jmir.org/2015/8/e196/

age band; those using the Internet for health-related information
were more than 2.59 times (OR 2.59, 95% CI 0.88-3.15) more
likely to be among the lower age group participants. Similarly,
marital status and education level were also associated factors
for seeking health-rel ated information. Duration of diabetesand
familial history of diabeteswere negative predictors, suggesting
that patients with longer duration of diabetes and a family
history of diabetes were less likely to use the Internet for
health-related information.

The odds ratio of 0.458 (95% Cl 0.119-1.761) for occupation
waslessthan 1, indicating that those who were either retired or
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unemployed were 55% less likely to use the Internet for
health-related information. Even those who reported to have
exposure to diabetes education were 4.3% lesslikely to use the
Internet for health-related information compared to nonexposed
patients. The mean duration of Internet usage for health-related
information seekers and non-health-rel ated information seekers
was 7.45 (SD 4.2) times per month and no statistical difference

Jamal et al

was found comparing health-related information seekers giving
mean duration of 7.62 (SD 4.3) times per month and
non-health-related information seekers (mean 7.62, SD 4.3
times per month) using Student t test on basis of Internet usage.
Overall age, gender, marital status, education, income, and
diabetes education werefound to beimportant factors associated
with online health-related information behavior.

Table 4. Logistic regression (N=344 full case data only) modeling odds for nononline health-related information seekers versus online health-related

information seekers with sociodemographic details.

Sociodemographic characteristics Total, n (%) Not hedth-relatedinforma-  Health-related infor-  OR (95% ClI) P
N=344 tion seekers, n (%) mation seekers, n (%)
n=248 n=96

Gender

Female 89 (25.9) 66 (26.6) 23 (24) 1.459 (0.737, 2.888) 29

Male 255 (74.1) 182 (73.4) 73(76) Ref —
Ageband

<45 years 89 (25.9) 45 (18.1) 44 (46) 2.593 (0.918, 7.323) .001

>45 years 257 (74.7) 203 (81.9) 54 (56) Ref —
Marital status

Never married 26 (7.6) 15 (6.0) 11 (12) 2.036 (0.477, 8.686) 34

Married 318(92.4) 233(94.0) 85 (89) Ref —
Education

Less than high school 238 (69.2) 194 (78.2) 44 (46) 0.403 (0.219, 0.740) 52

University degree 98 (28.5) 54 (21.8) 44 (46) Ref —
Household monthly income (SR)

<10,000 216 (62.8) 164 (66.1) 52 (54) 0.458 (0.119, 1.761) 33

>10,000 127 (36.9) 84 (33.9) 43 (45) Ref —
Occupation

Unemployed 179 (52.0) 127 (51.2) 52 (54) 1.081 (0.325, 3.595) .90

Employed 181 (56.6) 121 (48.8) 60 (63) Ref —
Diabetes education

No 202 (58.7) 166 (66.9) 36 (38) 0.406 (0.232, 0.709) .002

Yes 122 (35.5) 82 (33.1) 40 (42) Ref —
Duration of diabetes

<10 years 168 (48.8) 112 (45.1) 56 (58) 0.957 (0.900, 117) 16

>10 years 176 (51.2) 136 (54.8) 40 (42) Ref —
Family history of diabetes

No 267 (77.6) 183 (73.8) 84 (88) 0.438 (0.126, 1.528) 20

Yes 77 (22.4) 65 (26.2) 12 (13) Ref —

Impact of Health-Related Information Users and
Nonuserson Self- Care

Another logistic regression model was performed to assess the
impact of seeking online health-related information on self-care
among diabetic patients. Table 5 presentsthelogistic regression
analysis or odds of health-related information seekers and
nonseekers of self-care health information. The overall model
was significantly better in explaining the relationship between

http://www.jmir.org/2015/8/e196/

online health-related information seekers and self- care. Overall,
4 self-care—related activities were significant factors in the
model. Although most of the factors by themselves were not
significant factors, they were retained in the model because of
their contribution to the overall model as demonstrated by the
likelihood ratio test. Removing these factors from the model
changed the smaller model significantly from the one that
included thesefactors; therefore, they were retained in the model
(Tableb). Out of 12 self-related activities questions, 7 activities
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showed higher positive association with online health-related
information seekers. The strongest association of online
health-related information seekers were observed for “their
blood glucose check by themselves’ and it was found that this
check was4.63 times (OR 4.63, 95% CI 1.86-11.56) morelikely
to be performed by online health-related information seekers
compared to the health-related information nonseekers. With
regards to testing for glucose, 28.6% (71/248) of
non-health-related information seekers could test it themsel ves,
whereas 93% (89/96) of health-rel ated information seekers could
test it themselves (P=.001).

For high blood glucose, 68% (65/96) of online health-related
information seekers knew what to do correctly, whereas only
44.4% (110/248) of non-health-related information seekersdid

http://www.jmir.org/2015/8/e196/
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(P=.003). Additionaly, online health-related information
seekers (33/96, 34%) were more likely to be aware of the
importance of exercise and diet on the management of diabetes
than non-health-related information seekers (42/248, 16.9%,
P=.006) (Table 5). There was no statistically significant
difference between online health-related information seekers
and nonseekers for ophthalmologist and family physician
checkups and performing diabetic foot self-exams.

The overall odds ratio (OR 1.56, 95% CI 0.63-3.28) of all
self-care questionnaire responses demonstrated that there was
no statistically significant difference between those seeking
health-related information online and traditional health-related
information seekers.
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Tableb. Logistic regression to predict impact of health-related information seekers and nonseekers on self-health care activities.

Self-care health characteristics Total, n (%) Not hedth-related Hedlth-related OR (95% Cl) P
N=344 information seeker, information
n (%) seeker, n (%)
n=248 n=96

Do you test your blood glucose (sugar) by yourself?

Yes 77 (22.4) 71 (28.6) 89 (92.7) 4.63 (1.86, 11.56) .001

No 264 (76.7) 177 (71.4) 7(7.3) Ref —
How do you treat high blood glucose?

Inject insulin/avoid eating/others 305 (88.7) 219 (88.3) 87 (90.6) 1.21(0.43, 2.75) 87

Don't know 36 (10.5) 28 (11.3) 9(9.9) Ref —
Do you wear a medical identification bracelet or necklace?

Yes 11(3.2) 9(3.6) 2(2) 1.51(0.20, 5.60) .95

No 330 (95.9) 239 (96.4) 94 (97.9) Ref —
Do you have a glucagon kit at home for severe lows (blood glucose)?

Yes 67 (19.5) 41 (16.5) 27(28.1) 0.11 (0.63, 1.13) 12

No 274 (79.7) 207 (83.5) 69 (71.9) Ref —
In case of severe high blood glucose (sugar)

Do something 175 (50.9) 110 (44.4) 65 (67.7) 0.14 (0.24, 1.32) .003

No/don’t know 166 (48.3) 136 (54.8) 31(32.3) Ref —

What type of treatment that you taketo manage diabetes?

Insulin injections

Yes 157 (45.6) 123 (49.6) 36 (37.5) 2.46 (1.29, 4.69) .006
No 184 (53.5) 125 (50.4) 60 (62.5) Ref —
Diabetes pills
Yes 250 (72.7) 179 (72.2) 72 (75.0) 1.33(0.67, 2.66) 41
No 91 (26.5) 69 (27.8) 24 (25.0) Ref —
Nonphar macological treatment (exercisesand diet)
Yes 75 (21.8) 42 (16.9) 33(34.4) 0.94 (0.41, 1.29) .006
No 266 (77.3) 206 (83.1) 63 (65.6) Ref —
Do you test for ketonesin theurine?
Yes 169 (49.1) 119 (48.0) 52 (54.2) 0.95 (0.56, 1.62) 85
No 172 (50.0) 129 (52.0) 44 (45.8) Ref —
Approximately how often do you visit a doctor for your diabetes?
1-4timesayear 328(95.3) 237 (95.6) 94 (97.9) 1.27 (091, 2.40) .36
Never 13(3.8) 11 (4.4) 2(21) Ref —
How many times do you usually go to ophthalmologist for checking your eyes' retina?
1-3 visit ayear 206 (59.9) 143 (57.7) 65 (67.7) 1.27(0.38, 1.21) 19
Never 135(39.2) 105 (42.3) 31(32.3) Ref —
How many times do you usually check your feet by your self?
Daily/once a week 260 (75.6) 188 (75.8) 75 (78.1) 1.59 (0.80, 3.13) .18
Never 81 (23.5) 60 (24.2) 21(21.9) Ref —
Overall impact
Yes (more health conscious) 173 (50.4) 123 (49.8) 58 (60.5) 1.56 (0.63, 3.28) .33
No active health response 168 (48.7) 124 (50.1) 38(39.5) Ref —
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Discussion

Principal Findings

This study evaluated the extent of Internet use when searching
for health-related information among type 2 diabetes patients
visiting inpatient and outpatient clinics a 2 large public
University Hospitalsin Riyadh, Saudi Arabia. Themain finding
of this study shows that among diabetic patients, the primary
sources of health-related information were physiciansfollowed
by television, friends, and magazines. Approximately
one-quarter of the sampled diabetes patients were using the
Internet for health-related information. The maor factors
associated with online health-related information seeking
behavior were age, gender, marital status, educational level,
and exposure to diabetic health education. Overall, these study
findings have demonstrated that those seeking online
health-related information were more conscious about their
diabetes self-care compared to non-health-related information
seekers.

In Saudi Arabia, Internet usage has increased rapidly over the
past 10 years from less than 3% in 2000 to 60% in 2014; today,
the trend shows signs of leveling off, particularly among
younger age groups [11,12]. Among the surveyed diabetes
patients in this study, only 39.0% (134/344) reported having
Internet access and 27.9% (96/344) were online health-related
information seekers. The Internet usage among diabetic patients
was slightly lower compared to the overall national usage data.
Additionaly, the percentage of Internet use for health-related
information in this study islower than similar studies performed
previously in Saudi Arabia, United States, Switzerland, Italy,
and India, athough these studieswere not performed on patients
with specific diseases[2,17-20]. Perhaps because Englishisnot
the primary languagein Saudi Arabia, knowledge of the English
language could be a factor influencing how diabetes patients
search for health-rel ated information on the Internet. The current
findings also show that majority of the participants search only
in Arabic. A greater number of participants were searching in
Arabic, which isthe native language in Saudi Arabia, whereas
only 45% (43/96) of the health-related information seeker
participants searched in both Arabic and English. Generally,
most of the diabetic patients were elderly [13]. This has been
revealed by a high mean age (mean 53.47, SD 13.8 years) in
thisstudy’s participants. Generally, relatively older participants
are not frequent users of the Internet and other digital devices
and, even if they do, they may face some obstacles due to lack
of searching skills [21-24].

These study results suggest that the physicians, followed by
television, family, newspapers, and the Internet are the primary
sources of health-related information. Despite the increasing
consumer autonomy with the advent of the Internet, the
physician remains one of the most preferred sources of health
information in the new media environment, suggesting that
more doctors need to explore the Internet as a viable medium
for communicating with their patients. These results are
concurrent with previous reports[1,2,25].

In a US study conducted in 2007, only 19% of online
health-related information seekers searched information at least
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once a week, whereas one-third of the participants used the
Internet at least once a month and individuals with a higher
education level searched the Internet for health-related
information more than any others [17]. However, in a study
from Switzerland, the majority of participants searched for
health-related information less than once per month [19].
According to some other studies, age, knowledge of the English
language, acuteness or chronicity of the disease, and its severity
were associated with the frequency of medical searches on the
Internet [18,19]. The use of the Internet to search for
health-related information decreased in maleswith age, whereas
the highest rate of Internet use for health-related information
among females was younger than age 45 years. Males with
higher education and singleindividuals search for health-rel ated
information more than others [18]. Similarly, in this study,
Internet searches for health-rel ated information were associated
with age, marital status, gender, education, diabetes education,
and income. Unmarried individuals, femal es, those with higher
education, and a higher income were found to be the more
frequent online searchersfor health-related information. These
results show how education is an important factor with regards
to the use of the Internet in searching for health-related
information. This was expected because educated individuals
and those who can afford digital devices or computers have
greater accessto the Internet. The current study suggeststhat a
major factor associated with lower health-related information
use among patients with diabetes is their age. Results of the
multivariable model used in this study show that this is a
continuous effect (OR 2.593, 95% CI 0.918-7.323), with Internet
usage decreasing with increasing age. Similar observationswere
reported in previous studies [2,26]. Thus, improving older
adults’ access to and comfort with Internet technologies is
central to implementing technology-based solutions to help
patients manage their diabetes better.

Online solutions, such as Web portals are increasingly touted
as a strategy to improve communication, provide support, and
connect to needed services and information for patients with
diabetes[21,26,27]. Because the prevalence of diabetesincreases
with age, particularly type 2 diabetes, the target population with
the most to gain from health information technology is older
patients. The diabetic patients in this study had a variety of
motives and used different websitesfor their searches. However,
the mgjority of the participants stated that they start their search
for health information in Google because they do not know
where else to go and the Google generator gives them options
to find the links. In addition to Google searches, some patients
were also using social sites, such as Twitter, Saudi Charitable
Association of Diabetes, Wikipedia, and Facebook, to seek
online health information. The use of social mediatechnologies
for online health-related information also alows the online
social media users to create, distribute, share information, and
to consult online rankings and reviews of independent websites
[25]. Most of the participants in this study reported that the
primary reasons for searching health information were general
health knowledge, management of health, and for health and
wellness info, respectively. For diabetes-related issues, they
were searching for information on diet and symptoms of
diabetes.
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The current study found that patients searching for health
information (89/96, 93%) report positive effects on their
self-care behavior to managing their diabetes. Similar findings
werereported previoudly for chronicillnessand diabetes patients
[15,21,22]. A greater number of online health-related
information-seeking participants reported that they were more
likely to test their blood glucose (sugar) by themselves as
compared to the non-hedth-related information seekers.
Likewise, online health-related information seekers who were
testing their blood glucose were more aware about the methods
for treating low blood glucose compared to the
non-health-related information seekers. Only a fraction of
participants who were non-health-related information seekers
were aware of how to manage high blood glucose by doing
something (eg, take pills, insulin injection, drink water) to
alleviate their symptoms. On the other hand, the mgjority of
online health-related information seekers were able to manage
themselves for dealing with high blood glucose by doing
exercise and following astrict diet, and additionally taking pills,
insulin injections, and drinking more water during high blood
glucose episodes. The majority of online heath-related
information seekers were also more likely to be aware of how
to manage their disease themselves and to visit an
ophthalmologist and afamily physician regularly for checkups.
The health-related information seekers also checked their feet
by themselves on aregular basis. Overall, this study’s findings
have demonstrated that those seeking health-related information
are more aware and conscious about their health self-care and
were able to manage most of the diabetes-related self-care
themselves compared to the non-health-related information
seekers. Thus, thisstudy’ sfindings are concurrent with previous
reports that explaining the correct uses of the Internet to obtain
health-related information can lead to better patient awareness
for treatment decisions and increased patient satisfaction,
resulting in better medical outcomes and improved self-care
behavior [17,27]. Additionaly, online health-related information
improvesthe physician-patient rel ationship and increased patient
satisfaction [2]. Similarly, most online health-rel ated information
seekers in this study significantly reported that physicians are
their primary source of health-related information compared to
the nonusers. They usually discuss their disease with their
physician to know more about self-care. Interestingly, the
majority of the participants were not aware about the quality of
the websites and the basic information they provide related to
their query. Perhaps much of the information on the Internet
could be mideading because anyone can claim medical
expertise. Most of the time, information on the Internet is
incomplete, out of date, and the public might not be able to
select valid information [2,19]. To manage and provide better
information to patients, health policy makers should prepare
guidelines and dtrictly keep their eyes on fraudulent and
misleading diabetes-related information. To empower patient’s
knowledge and self-care, physicians should ask their patients
if they are using the Internet to obtain diabetes-related
health-rel ated information and provide them with reliabl e/trusted
website information.
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Implications for Practice

This study found that 39.0% (134/344) of participants use the
Internet. As aresult of this finding and the benefits of using
online hedth-related information for diabetes information,
physicians should promote the use of verified and credible
diabetes websites, especially those with content in Arabic.
Among those who used the Internet, there were only 71.6%
(96/134) who searched for health-related information. Physicians
may increase this number by promoting the credible and
trustworthy websites to the 28.4% (38/134) of participantswho
use the Internet, but not for health-related information. Also,
physicians should educate the more educated patients on how
to search correctly and be able to critique heath-related
information using simple approaches. Because physicians are
still the main and most trusted source of health information for
most patients (216/344, 62.8%), involving physicians in the
process of facilitating the online searching of diabetes
information to patients is a strategy worth pursuing. With the
positive impact it has on the health of patients, it may be a
strategy that should be pursued by physicians.

Strengthsand Limitations

Several studies have examined the general public's use of the
Internet to obtain health-related information, but this study is
the first research project to explore online health-related
information—seeking behavior among Saudi adult patients
diagnosed with type 2 diabetes and its impact on patients
self-care. Thisstudy’s sample sizeislikely to be representative
of the patient population in the primary care clinics and
inpatients of one center, but may not be representative of the
larger population. In this study, the majority of the participants
weremale. The main reason for this occurrence could be because
the research team consisted of primarily males and femalesin
Saudi Arabia often refuse to be interviewed by them due to
cultural and socia barriers. However, the response rate was
high with only 9.4% (37/344) of patients who were approached
declining to participate in the study. Because all participants
were from a government hospital, most had relatively low
education levels and low monthly income, were retired or
unemployed, and the majority were married. The majority of
the participants in this study did not receive any diabetic
education by attending conferences or campaigns related to
diabetes.

Conclusions

Among diabetes patients, lessthan half (134/344, 39.0%) of the
sampled patientsin this study used the Internet for health-related
information. The majority of the participants who used the
Internet belonged to the younger age group. Among Internet
users, female participants were more likely to search for
health-related information. The majority of the participants
reported that their physician was the primary source of
health-related information followed by television. Overal, this
study demonstrates that those seeking health-related information
are more aware about their health care needs as compared to
non—health-related information seekers. These study results
suggest that physi cians should cooperate with their patientsand
guide them regarding reliable websites, which provide health
information per patient need. To improve the health-related
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information for patients, health care authorities should publish  who do not use the Internet or cannot read, government
websites that contain reliable health information in the mother  organizations responsible for public health issues should make
tongue so that patients learn better and are more aware of their  policies to reach them through aternative media, such as
health condition. The information must be updated and television, radio, and newspapers.

supervised regularly by health care providers. For those patients
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Abstract

Background: Consumer health information technologies (HIT) that encourage self-tracking, such as diet and fitness tracking
apps and disease journals, are attracting widespread interest among technol ogy-oriented consumers (such as “quantified self”
advocates), entrepreneurs, and the health care industry. Such electronic technologies could potentially benefit the growing
population of patients with multiple chronic conditions (MCC). However, MCC is predominantly a condition of the elderly and
disproportionately affectsthe less affluent, so it al o seems possiblethat the barriersto use of consumer HIT would be particularly
severe for this patient popul ation.

Objective: Our aim was to explore the perspectives of individuals with MCC using a semistructured interview study. Our
research questions were (1) How do individualswith MCC track their own health and medical data? and (2) How do patients and
providers perceive and use patient-tracked data?

Methods: We used semistructured interviews with patients with multiple chronic diseases and providers with experience caring
for such patients, aswell as participation in a diabetes education group to triangul ate emerging themes. Datawere analyzed using
grounded theory and thematic analysis. Recruitment and analysis took place iteratively until thematic saturation was reached.

Results: Interviews were conducted with 22 patients and 7 health care providers. The patients had an average of 3.5 chronic
conditions, including type 2 diabetes, heart disease, chronic pain, and depression, and had regular relationships with an average
of 5 providers. Four major themes arose from the interviews: (1) tracking this datafeelslike work for many patients, (2) personal
medical data for individuals with chronic conditions are not ssmply objective facts, but instead provoke strong positive and
negative emotions, valuejudgments, and diverseinterpretations, (3) patientstrack for different purposes, ranging from sense-making
to self-management to reporting to the doctor, and (4) patients often naotice that physicians trust technologically measured data
such as lab reports over patients' self-tracked data.

Conclusions: Developers of consumer health information technologies for datatracking (such as diet and exercise apps or blood
glucose logs) often assume patients have unlimited enthusiasm for tracking their own health data via technology. However, our
findings potentially explain relatively low adoption of consumer HIT, asthey suggest that patients with multiple chronic illnesses
consider it work to track their own data, that the data can be emotionally charged, and that they may perceive that providers do
not welcomeit. Similar themes have been found in someindividual chronic diseases but appeared more complex because patients
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often encountered “illness work” connected to multiple diseases simultaneously and frequently faced additional challenges from
aging or difficult comorbidities such as chronic pain, depression, and anxiety. We suggest that to make a public health impact,
consumer HIT devel opers should engage creatively with these pragmatic and emotional issuesto reach an audience that isbroader
than technol ogically sophisticated early adopters. Novel technologies arelikely to be successful only if they clearly reduce patient
inconvenience and burden, helping them to accomplish their “illness work” more efficiently and effectively.

(J Med Internet Res 2015;17(8):€202) doi:10.2196/jmir.4209

KEYWORDS

medical informatics; consumer health information; health knowledge, attitudes, practices; self-care; chronic disease

Introduction

Background

Consumer health information technology (HIT) isexplodingin
popularity, attracting the attention of technology-oriented
consumers, patients, caregivers, and entrepreneurs. Technologies
such as disease management apps and “quantified self” tools
[1-3] offer the potential to help patients track persona data,
learn about their health, and manage chronic care needs [4-7].
Consumer HIT appears poised to help inform, motivate, and
engage patients, al of which are known to improve management
skills and health outcomes [5-8].

However, it is not yet known whether such technologies will
diffuse broadly beyond tech-savvy early adopters such as
“quantified self” advocates, and whether the technol ogieswould
produce benefits for people with complex medical conditions.
To date, the measured impact of consumer HIT is still limited.
Computerized interventionsfor diabetes self-management have
shown only limited efficacy [9,10]. In practice, effects have
generally been limited as a result of low adoption and usage.
One in 5 smartphone users has downloaded a health app [11],
yet most apps are abandoned after a few uses [12]. Studies of
the effectiveness of apps and websites to promote health
outcomes (such as a recent study of a phone app to assist in
weight loss [13] or a self-management Web community for
diabetes [10]) frequently find that participants stop using the
technology after a short period of time. Having a chronic
condition increases the chances that a patient will use certain
forms of consumer HIT on average [2,11]. But this increased
likelihood is often offset by other sociodemographic factors
that decrease the likelihood of using technology. Of particular
concern from a public health standpoint, the use of consumer
HIT remains|owest among the groupsthat might be most likely
to benefit from additional formsof low-cost disease management
support: people who are elderly, less educated, or less affluent
[2,11,14]. These disparitiesin uptake, aswell asthe low rate of
sustained use among adopters, suggest mismatches between
current consumer HIT and the goals, desires, or capabilities of
many patients [15,16].

A population with particularly complex and ongoing health
needs is the 90 million Americans who have multiple chronic
conditions (MCC) [17]. Although any combination of chronic
conditions qualifies as MCC, the most common combinations
are diabetes plus hypertension, heart disease plus hypertension,
and cancer plus hypertension [18]. Patients with MCC
experience the challenges associated with living with chronic
disease and also typically consult more different doctors and

http://www.jmir.org/2015/8/e202/

coordinate more different therapeutic regimens than those with
single diseases [17]. Each additional chronic condition places
the individua a higher risk of adverse drug events,
out-of-pocket  expenses, impaired functional  status,
hospitalization, and mortality [17]. It isestimated that two-thirds
of health care spending is focused on patients with MCC [17].

These patients are in need of improved strategies and
technologies to support health and medical care, creating a
number of opportunities that could potentially be filled with
health IT, yet the barriers to technology adoption might be
particularly problematic for these patients as well. MCC
disproportionately affects the elderly and the less affluent. The
prevalence of MCC rises sharply with age, affecting 34% of
those aged 45-64 and 62% of those age 65 and over [19].
Furthermore, the prevalence of MCC is highest among the
lowest income brackets, affecting nearly 51% of seniors who
liveat or below thefederal poverty level but only 39% of seniors
living at four times the poverty level [18].

As an initial step to exploring the perspectives of individuals
with multiple chronic conditions, with the goal of understanding
potential applications of consumer HIT and barriers to its use,
we conducted a semistructured interview study. This paper
focuses on tracking or keeping diaries of personal data, a task
that we will refer to as “personal health information tracking”.
We focused on persona health information tracking because
(2) it has been recommended for avariety of chronic conditions,
and (2) itisatask potentially supported by consumer health I T.
Self-monitoring tasks that have been promoted under different
circumstancesinclude blood glucose self-monitoring for certain
patients with type 1 and type 2 diabetes [20,21], measuring
blood pressure in hypertension and heart disease [22], keeping
diet logs or food diaries for weight loss or digestive diseases
[23], and salf-monitoring medication adherence and side effects
[24]. Patients also often receive the recommendation that they
should check and be able to report certain laboratory values,
such as CD4 count in human immunodeficiency virus (HIV) or
hemoglobin Alcin diabetes. We therefore considered personal
health information tracking to be a task that was likely to be
encountered by patients with MCC, but we did not a priori
assume a position on whether patients should self-track or
whether it was likely to benefit them. Rather, our research
questions were (1) How do individuals with MCC perform
medical data tracking? and (2) How do patients and providers
perceive and use patient-tracked data? We asked the questions
broadly to encompass any sort of tool the patientswere currently
using, including electronic technologies, paper, or memory.
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Theoretical Framework: I1lness Work and Per sonal
Health Information M anagement

This project was conducted from a human factors perspective
influenced by the sociology of illness. This perspective
recognizes that patients management of their health comprises
awide variety of different activities both inside and outside the
medical encounter: taking medicines, refilling prescriptions,
buying and cooking food, exercising or doing physical therapy,
researching health issues, coping with medical crises, finding
doctors and dentists, organizing and traveling to medical
appointments, and keeping records. As these are al effortful,
directed activities to attain goals, they may be conceptualized
aswork [25-27].

Corbin and Straussidentified “illnesswork” asactivities directly
involved with managing an illness, such asfollowing medication
regimens and using technol ogies such as glucose metersor sleep
apnea machines [25,26]. Yet even in illness, “everyday life
work” of shopping, paying bills, nurturing relationships, and
managing a household continues [25,26]. “Articul ation work”
isthe planning, coordinating, and managing that allows people
to complete all their other work [25,26].

Those components of illness and articulation work that involve
acquiring and managing information can be called personal
health information management [27-30]. A growing body of
research on personal health information management has
identified tasks including tracking health events, obtaining
information, and organizing information [27]; creating personal
histories, making decisions, planning, and structuring activities
(eg, creating medication reminders) [28]; and transferring
personal data and records to the physician [31]. In the current
project, we focus on the subset of personal health information
management involved in monitoring and logging personal data
(such as symptoms or laboratory values), sometimes called
personal health information tracking [32].

Much of the recent work in persona health information tracking
and management has focused on generally healthy individuals
and families [27,28,31,32], on patients with cancer [33-36], or
(in support of information technology design) on
computer-literate participants [31].

In this project, we sought to apply theinsightsfrom thisprevious
work while exploring the perspectives of an economically
diverse sample of patients with MCC in more depth. In order
to develop or adapt technol ogies for these patients, it is essential
to understand practices and perspectives of the potential users
and the attributes of the tasks they seek to perform, as well as
the social and physical environments in which they will be
performing thesetasks[15]. Poor fit between individuals, tasks,
and technologies is likely to be one of the reasons that
self-tracking technologies have not yet spread widely within
populations with multiple diseases.

Methods

Participants

For individual interviews, we recruited purposive samples of
adult English-speaking patients with MCC, and of medical
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providerswith experience providing carefor patientswith MCC.
We adopted the Department of Health and Human Services
definition of chronic conditions as conditionsthat last ayear or
more and that either require ongoing medical attention or limit
activitiesof daily living [17]. Patient participants were recruited
from outpatient clinicsin internal medicine and endocrinology
and from the patient information library, using both promotional
flyers and individual referrals from physicians and nurse
practitioners. Oneresearcher (JSA) al so attended six 90-minute
sessions of a diabetes education support group as a means of
triangul ating emerging themes. We chose the diabetes education
group because many of the study participants had type 2
diabetes.

Settings

WEeill Cornell Physicians is a multispecialty academic medical
practicein Manhattan, with amix of privately insured, Medicaid,
and Medicare patients. New York-Presbyterian Hospital is the
largest academic medical center in Manhattan. The Institute for
Family Hedlth isafederally qualified health center with 18 sites
in and around New York City, providing safety net primary
care to patients regardless of insurance status.

Interview Methods

Theresearchers devel oped asemistructured interview instrument
centered on three topics: personal health information tracking,
personal health information management, and searching for
health-related information. The current manuscript focuses on
the first of these. The first author conducted interviews in
person, using offices and conference rooms convenient to the
clinics where patients were recruited. Interviews were audio
recorded and professionally transcribed. The interviewer also
took field notes, collected samples of artifacts and documents
for patients such as educational brochures, and photographed
other artifacts or documents such as log sheets used to record
glucose values.

Analysis M ethods

No existing theoretical framework appeared to be appropriate
to these data, and therefore we applied methods to develop
meaning inductively from the data. Although this family of
approaches is sometimes known in the sociology literature as
development of grounded theory [37], we adopt the newer term
“inductive thematic analysis’ to reflect the fact that our end
product is a series of interrelated themes rather than a fully
formed theory [38]. Qudlitative analysis was conducted
collaboratively by our multidisciplinary team, which included
individuals with training in journalism, public health,
informatics, psychology, human factors, nursing, and diabetes
education. Two of the researchers (HOW and EW) also brought
personal experience of long-standing chronic disease. The
preliminary version of the codebook was devel oped by 2 of the
researchers in reading the first three transcripts and was
iteratively refined over the coding process. Each transcript and
photograph was reviewed by at least 2 team members (the first
author and one other team member), who independently coded
the transcript and then met to reach consensus on it.

We followed a staged and iterative approach, first identifying
preliminary codes through repeated reading and review of the
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data, then identifying rel ationships between codes and groupings
of codes, and finally identifying and refining larger underlying
themes. Over theanalysis, 47 open codes were devel oped. These
werelinked into 6 broad groups: (1) resources, skills, and factors
patients need for disease management, (2) the health care system
and its components, (3) thinking, feeling, and experiencing
disease and health, (4) medical data and medical records, (5)
evaluative judgments, and (6) attributions of responsibility. In
the final stage, the themes presented in the results section were
developed.

To improve internal validity, we conducted member checking
[39] in two ways. First, several of the emergent groups and
themeswere presented to new informants during interviewsfor
their feedback. Second, the resulting themes were presented at
a meeting of the diabetes education group, whose members
validated the themes while also providing additional feedback
and nuanced interpretation.

Analysis and recruitment were conducted simultaneously until
saturation was achieved (ie, no new conceptswere arising from
new interviews) [40].

This study was approved by the Institutional Review Boards of
Weill Cornell Medical College and the Institute for Family
Health. All participants gave written informed consent. Members
of the diabetes education group provided oral consent.

Results

Participants

Interviews were conducted with 22 patients and 7 health care
providers. An additional 3 patient interviews were excluded
from analysis because the interviewees did not have multiple
chronic conditions.

Theincluded patientsreported having an average of 3.5 chronic
conditions (SD 1.5). The most common conditions mentioned
were type 2 diabetes, hypertension, heart disease, chronic pain,
and depression. Other conditionsincluded asthma, HIV, hepatitis
C, thyroid disorders, rheumatoid arthritis, glaucoma, cataracts,
and sleep apnea. Two individualswerein follow-up after cancer
treatment. Conditionsreported by only one patient each included
type 1 diabetes, fibromyalgia, post-polio syndrome, sarcoidosis,

Table 1. Major themesin personal health information tracking.
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Sjogren syndrome, and cirrhosis. Many described themselves
as overweight but none as obese. In addition to their chronic
conditions, patients also discussed a wide variety of recently
experienced urgent conditions, including diverticulitis, flu,
appendicitis, bee stings, and physical injuries. Participants
sometimes mentioned taking drugs that implied other chronic
conditions that they did not explicitly list: examples included
antidepressants, blood pressure medications, lipid-lowering
medications, drugsfor prostatic hyperplasia, and anticoagul ants.
Many of the patients with type 2 diabetes were taking insulin
one or more times a day, as was the individual with type 1
diabetes.

Half of patients were men and half were women; athird (n=7)
were black. Ages ranged from 37-89 (mean 64.1; median 66).
About two-thirds (n=15) were not currently married. Just over
athird (n=8) used English asa second language. Onethird (n=7)
were covered by Medicare (US public insurance for those over
age 65); one third (n=7) by Medicaid (US public insurance for
those with low income); and the remainder (n=8) by commercia
insurance.

Multiple chronic conditions placed heavy and sometimes
competing demands on patients. For example, one patient with
diabetes recognized that his morning toast caused increasesin
hisblood glucose, but on balance had decided not to stop eating
toast because his morning medications for other conditions had
to be taken with food. Several patients with diabetes or heart
disease recognized that exercise might help but were prevented
because of chronic pain or disability from injury. Patientstaking
anticoagulants encountered challenges when scheduling surgery
for other conditions.

The diabetes education group was attended by an average of 5
patients each session (range 4-9). Most patient education group
attendees had type 2 diabetes but aminority had type 1 diabetes
or prediabetes.

The health care providerswere 2 nurse practitioners, 2 internists,
2 family medicine physicians, and an emergency medicine
physician.

Major themes pertaining to personal health information tracking

are summarized in Table 1 and presented in detail in the results
section.

Themes Summary

Representative quotes

1. Personal data can carry strong
emotional and moral implications

2. Multiple purposes and uses for
personal data
ing to the doctor.

3. (Un)reliability of personally

tracked data tracked data.

4. Tracking feels like work
draining.

Patients often notice that physicians do not trust their self-

Tracking is time-consuming and sometimes emotionally

Dataare not merely objective facts but prompt strong positive  “You get reminded you're asick person” and
and negative emotions as well as value judgments.

“I’m not agood patient”.

Patients use datafor avariety of purposes, ranging from active  “I'll [check] it if I'm feeling lightheaded” .
self-management to making sense of their condition to report-

“[Thedoctors] looked at [my logs] very super-
ficially...they seem to rely on your Alc num-
bers’.

“It's too cumbersome for me”.
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Overview

Most patients paid attention to laboratory findings provided by
their doctors, and a few kept records of selected values. For
example, awoman with anemiacreated atableto track her blood
test results over time, 2 patients with HIV kept records of their
CD4 count values over time, and many patients checked on
their cholesterol regularly.

However, fewer than half regularly tracked data by self-testing
or recording daily activities. The most common example of
self-tracking was patients with diabetes monitoring their blood
glucose. Among the 16 patients with type 1 or type 2 diabetes,
11 mentioned self-monitoring blood glucose in some fashion
(some were fairly regular, some checked values occasionally,
and some said they used to monitor regularly but had stopped).
Other examples of tracking mentioned by one or more
participantsincluded recording weight or blood pressure (n=7),
tracking daily medication administration (n=3), keeping food
diaries (n=2, in one case to investigate suspected lactose
intolerance), collecting laboratory reportsto manually compare
trends over time (n=4), and recording potential side effectswith
a new medication (n=2). This sort of tracking was conducted
on paper or electronically on a spreadsheet, or in one case on a
paper calendar. All the patients interviewed who monitored
blood glucose used monitors that tracked data electronically.
In addition, some kept handwritten blood glucose logs. The
numbersin parentheses above (n=) are provided for perspective,
but these data were collected through open-ended interview
guestions rather than closed-ended survey methods, so the
interviews may not have captured every instance of tracking.

Many of the patients older than 65 and most Medicaid patients
did not use computersregularly or at all, and many did not have
smartphones.

Theme1: Personal Data Can Carry Strong Emotional
and Moral Implications

Overview

Indicators such as blood glucose, weight, and lab values were
not discussed as value-free facts but instead carried strong
emotional and evaluative connotations. People recognized
tracking as work, judged themselves as “good” or “bad” for
their dataand their diligencein collecting it, and noted that data
should be considered within the patient’s personal context.

Negative Aspects of 11Iness

Medical dataoften reminded patients of the negative aspects of
their illness. An individual who did not monitor her blood
glucoseregularly said her valueswere“ depressing”, and another
said they made her “scared”. Discussing tracking sometimes
raised feelings of anger or injustice not only about the tracking
but also about having chronic disease. “| hate to be focused on
my health in every friggin’ second of the day...| don’t want to
live likethat every day” . A patient with HIV, hypertension, and
other chronic illnesses said he avoided looking at his regular
test results: “I don't ask about no numbers. If anything is
messing up, then [my doctor] tellsme”. The physical experience
could also be unpleasant. “ Poking my finger, that wasirritating
to me,” said one person who had abandoned blood glucose
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self-monitoring. “I’'m tired of sticking myself,” another said.
Some patients with diabetes said they were frustrated to see
their blood glucose values occasionally spike without a clear
reason, undermining their confidence that they understood and
could manage their disease.

The Moral Valence of Medical Data

Patients and providersfrequently described the datawith highly
judgmental language, including terms suggesting moral
transgression. For example, one explained a high blood glucose
value because “I cheated and | had some McDondd's’.
Conversely, patients could feel extremely happy and proud
when their values were good. Severa of the headth care
providerssaid it was better to use nonjudgmental language such
as “high/low” or “target/nontarget” because patients “get
discouraged because they think they’re being graded or judged”.
Yet in the interviews, many providers used more evaluative
language such as* good/bad” and “ better/worse”. A patient who
had atered his diet and was able to lower his doses of
hypertension and hyperlipidemia drugs said he felt satisfied
when his doctors said, “ Okay, we're happy with you”.

The Moral Valence of Tracking

There was also a “good/bad patient” aspect to tracking itself.
People with diabetes frequently called themselves a “bad
patient” or “not agood patient” when they did not monitor blood
glucose. One participant explained the fact that she did not track
any of her health indicators (including diet and exercise) by
calling herself “lazy” . Although providers most often expressed
frustration about lack of monitoring, some occasionaly
perceived monitoring as excessive. Patients who tracked data
very diligently (eg, detailed exerciselogs, which clinicians saw
as having little clinical relevance) were sometimes referred to
as “obsessive and compulsive” or “fastidious’.

My I nterpretation of My Data

Although in some cases patients and physicians were in close
agreement about what data values were “good” or “bad”, other
patients preferred to interpret their resultsin light of their own
unique histories or symptoms. For example, several patients
with diabetes said that they aimed for a blood glucose level or
hemoglobin Alc that was appropriate “for me”. In some cases,
these were values that made them feel well, or values that were
high enough to minimize the risk of hypoglycemia. In other
cases, patients wanted their personal history to be taken into
account ininterpreting data. For example, aperson with ahistory
of obesity took pride in the number of dress sizes she had gone
down, rather than aiming for a particular target weight. One
provider told an anecdote about a patient who had brought her
hemoglobin Alc from 13% to below 8% with diet and
medication. When urged to continue lowering it, the patient
said, “I don't want to be a poster child for perfect diabetes’.
Thedoctor recalled saying, “Actualy, you'reright. Thisisgood
for you...I should've been jumping up and down because that’s
really great”.
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Theme 2: Multiple Purposes and Uses for Personal
Data

Overview

Not dl patients closely monitored their own dataval ues. Patients
who did track their own data through either self-monitoring or
laboratory testing described a variety of purposes, which
depended on aspects of their disease and on their own experience
of their disease. They might use their tracked data for real-time
decision making, for medium-term self-assessment, or for
making sense of various elements of data, such as physical
symptoms.

Tracking for Action

Some experienced patients with diabetes monitored blood
glucose multipletimes per day as*“working data” [30] that they
would use immediately to adjust their diet or their medication.
For example, one woman described a highly effective routine
of using thrice-daily glucose monitoring to adjust sliding-scale
medication doses and diet. She had used these techniques to
reduce her hemoglobin Alc level to 6.1% for nearly a year.
Most health care providers perceived this active, real-time use
of datafor self-management asimportant for patientswho were
struggling to manage conditions in which data values were
highly sensitive to behavior (such as a younger patient with
new-onset diabetes), but lessimportant for others (such as ol der
patients with stable disease).

Tracking for Goal-Checking

A second approach was to use data periodically to assess
progress toward a goal. Patients with this approach referred to
thedatafor aholistic assessment of how “well” they weredoing,
but not necessarily for active, hour-to-hour self-management.
This was also often the approach used by patients who were
monitoring indicators that they themselves could not measure,
such as cholesterol, blood count values in anemia, HIV vird
load levels, and CD4 counts.

Tracking for Sense-Making

A different approach was to examine data values as part of
trying to make sense of the disease. Several patients with
diabetes who did not regularly monitor described checking
glucose when they felt symptoms they suspected indicated
hypoglycemia: “I'll do it if I'm feeling lightheaded”. Another
said he did it when he felt a “hunch”. This approach was
sometimes encouraged by physicians for patients who seemed
unlikely to monitor regularly: “Usually | tell them that if they're
not feeling well, check their blood sugar”. One patient with HIV
asked his doctor for explanations whenever his lab values
changed. “I saw this is different [from] last 2-3 months ago,
and now something is wrong. And he explained to me if it's
something wrong or not [important]”. During visits, health care
providers frequently explicitly linked lab values to patient
behavior to encourage them to develop a more biomedical
concept of the disease. For example, one provider used a
patient’s headache as a teaching exampl e to discuss the role of
saltin her diet. Some also saw it as a useful short-term exercise
for patients seeking an understanding of behavioral triggersfor
conditions such asasthma, irritable bowel syndrome, or migraine
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headaches. However, some patients described frustration (or
even abandoning tracking altogether) after failing to see
connections between their data values and their behavior.

Tracking for the Doctor

A few patients appeared to perceive self-monitoring as
something done not for their own use but partly or largely to
create records for the doctor. A few seemed confused that
doctors rarely reviewed their logs. “They don't monitor that
part of it, | don’'t know why”.

Theme 3: (Un)reliability of Personally Tracked Data

Providers often perceived patient-recorded data as unreliable.
The lack of confidence was attributed to perceived lack of
diligence, moral valence of the data (with patients unwilling to
“admit” undesirable numbers), and fear of consequences. The
most striking example, told by a provider, was a woman who
faked her daughter’s blood glucose log to persuade the doctor
to delay starting insulin therapy.

Providers sometimes described lab data as more trustworthy
than data from self-tracking. “The hemoglobin Alc don't lie
[sic], so you can tell me whatever you want, but it's going to
tell me the truth of what’'s going on in your body”. Another
said: “For the most part alot of thisinformation | don’t really
[need] because | can check the Alc and know what it’s like”.
Current diabetes treatment guidelines recommend attention to
self-monitored blood glucose for extreme values and trends, in
addition to hemoglobin Alc as an indicator of overall control
[20,21].

These perceptions on the part of providerswere evident to many
of the patients. “1 remember when | used to go to the diabetes
center up there with [a doctor] and she looked at it very
superficially too, and they seem to rely on your Alc numbers,”
said a patient who had abandoned logging his daily glucose
values. Providers al so sometimes perceived automated recording
devices as more reliable than patient-recorded information,
which was also noticed by some of the patients: “[My doctor]
is like, ‘Please bring me the machine’”. One provider told an
anecdote about a patient with a dangerous blood pressure
increase; the patient’s spouse used a monitor to print out the
previous week’s blood pressure readings, which were low
enough to persuade the doctorsto rule out their initial suspicion
of “medication noncompliance”.

In only one case, ahighly engaged patient said that her provider
preferred reviewing her blood glucose logs rather than the
glucose monitor because the log made it easier to link the
readings to meals. “It was a lot of confusion with the doctor
because | was just bringing the machine. So now [with the
notebook] they know that first one, two, threeis breakfast, lunch,
and dinner”.

Theme 4: Tracking as Work

Patients said that tracking was effortful and time-consuming,
sometimes explicitly describing it as work. A patient with
diabetes said it was a waste of time to write down her values:
“I’m not going to sit down and write a paper for the month to
keep track of it”. One woman noted that she kept medical
information about her multiple conditions, as well as her
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multiple health care providers, in her office rather than her
home. Datatracking sometimewasfelt to conflict with thework
of everyday living forcing trade-offswhen patients did not have
sufficient time or emotional resources. A diabetes patient who
had given up self-monitoring of blood glucose said, “It's too
cumbersome for me”. A patient with heart disease who kept a
diet log gave it up after it became “overwhelming”.

Discussion

Principal Findings

Developers of consumer health information technologies for
data tracking (such as diet and exercise apps or blood glucose
logs) often assume patients have unlimited enthusiasm for
tracking their own health data via technology, that these data
are objective facts with unambiguous interpretations and
applications, and that health care providers welcome such data
in their assessment of a patient’s health status. Potential users
are believed to be “willing to assume a more participatory role
inthe management of their health, to learn how to use new tools,
and to commit themselves to doing so constantly” [31].

By contrast, the concept of data tracking as patient work was
strongly supported by our interviewswith patientswith multiple
chronic conditions. Furthermore, personal medical datadid not
appear to be objective facts, interpreted in the same way by
patients and their providers. The data provoke strong negative
and positive emotional reactions, sometimes overwhelming
ones that prevent people from wanting to track or access their
data. These data can aso makeindividuals feel judged by their
health care providersor even by themsel ves. Patients may resist
their physician’s interpretation of their data values as
“one-size-fits-all” and may prefer to weight their own personal
history and disease experience. Physicians often trust
technologically measured data more than manual self-tracked
data; their preference is apparent to patients and may
inadvertently be sending patients mixed messages about the
value of their data tracking efforts.

Our study also suggeststhat patients who do keep track of their
data require it for different purposes. Some patients examine
their data periodically for aholistic check on their own progress
toward goals, and others use their data for real-time decisions
about their behavior. Yet another group of individuals inspect
and interpret this data as part of the process of developing an
understanding of their disease.

Finally, we encountered many elderly and low-income patients
who had limited experience with and access to electronic
technologies. As our sample was fairly representative of the
demographics of those with MCC (with a mean age of 64 and
about one third covered by Medicaid), it is plausible that this
reflects the experience of broader MCC populations.

These findings support the proposal that existing self-tracking
technol ogies such as mobile phone apps may not provide agood
fit to the needs and abilities of individuals with MCC and the
tasks they are seeking to perform with them [15].
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Comparison With Prior Work

Our work contributes to agrowing body of research in personal
health information management and personal health information
tracking—research that has already identified a range of tasks
frequently performed by patients, ranging from tracking health
datato managing medical recordsto creating personal reminder
systems [27-29,31,32]. However, much of the previous work
in this field has focused on generally healthy individuals and
families [27,28,31,32], on patients with cancer [33-36], or (in
support of HIT design) on computer-literate participants [31].

The current project identifies different perspectives brought by
an economically diverse group of patientswith multiple chronic
diseases. Our participants each had several chronic diseases,
including diabetes, HIV, heart disease, depression, and many
others, and about one third were covered by Medicaid. Their
perspectives were in many cases different from what has been
found in previous work with healthy families. For example,
while healthy consumersin Canadarejected theideathat health
information management was “work” [32], our patients with
MCC fregquently described managing data as time-consuming
and tiring. There are several potential explanations for this
contrast. First, keeping track of even a single chronic disease
islikely to be more challenging than keeping track of preventive
care or minor medical eventsamong largely healthy individuals.
Second, individuals with multiple chronic conditions are likely
to have “illness work” connected to each of the diseases (our
patients had an average of 3.5 chronic conditions). Third, MCC
is disproportionately a condition of the elderly as well as the
less affluent, meaning that an MCC patient may be conducting
“illness work” while simultaneously facing challenges related
to aging and poverty. Finally, the multiple chronic conditions
included physically and emotionally challenging comorbidities
such as depression, anxiety, and chronic pain—conditions that
themselves might make it more difficult to conduct any “illness
work” . Thisworkload burden may have been particularly evident
as many of our patients were unmarried and had primary
responsibility for their own personal health information. By
contrast, previous research with families often shows that one
family member takes primary responsibility for theinformation
needs of the household [27,28,31,32]. Such adivision of labor
within the family context might offer several advantages,
including the ability for the information manager to specialize
and develop expertise in information management, and might
also alleviate the workload burden on more ill members of the
household.

Our findings support previous work in the field of technology
development for elderly patients or others who do not use
electronic technologies regularly. The people we spoke with
conducted personal health information management and tracking
with avariety of paper and electronic tools, both custom-made
and adapted, as has been found by other researchers[27,29,31].
As others have found, we found that older patients and those
with Medicaid were frequently unfamiliar with electronic
technologies. In addition to lack of access, some have found
that elderly patients may find usability barriers discouraging
them from adopting new technologies [41]. We additionally
found that some adults with experience of chronic disease have
already solved their own data management problems to their
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own satisfaction and did not express much interest in novel
technologies. Similarly, Grindrod et al found that older patients,
when introduced to new technologies, “struggled to think of a
need for the applicationsin their own lives’ [41].

When combined with our finding that patients considered data
tracking to be “cumbersome’, this suggests that novel
technologieswill succeed only if they are highly intuitive, easy
to learn, and unambiguously reduce the burden of work on the
patient. Uploadable device data[42] or mining of personal data
traces from phones and other technologies [43,44] may be
effective ways of accomplishing this, especially given the fact
that both patients and providers in our study recognized the
additional perceived credibility of technologically measured
data. The gamification trend in the health promotion and disease
management literature is also potentially relevant [42,45,46].
Games that provide motivation to track learning opportunities,
social support, or emotional coping support for dealing with
datacould potentially be useful for patientswith chronic disease.
However, designers of games for self-tracking may wish to
consider our findings that patients often see data tracking as
work and may perceive the data as having moral meaning that
could be positive or negative. As noted by others, patients can
have strong emotional responsesto learning their own numbers
and can feel judged by themselves and others[47-49]. Turning
information tracking into a game might appear to triviaize
important tasks, and “losing” in agame might amplify negative
emotions. It might even be that some patients might prefer less
emotionally charged technologiesinspired by office or financial
management software, which are explicitly designed to make
necessary activities efficient and even pleasant while still
treating those activities as work.

Our findings also have relevance for the literature on patients
mental models of disease. As others [50,51] have pointed out,
individuals work to make sense of their disease and health
experiences, seeking a label or name, identifying its cause,
establishing its probable timeline and conseguences, and
learning the extent to which it is manageable or curable. Over
time, people use these insights to construct what have been
caled “common-sense models of disease” or “illness
representations’, that is, explanations of health conditions that
are internally coherent but that may or may not coincide with
the biomedical model of the disease [50,51]. These illness
representations can affect risk perceptions, coping behavior,
management, and di sease outcomes. Datatracking clearly offers
the possibility of demonstrating the link between behavior and
diseaseindicators (eg, between diet, medication administration,
and blood glucose), thereby encouraging patients to develop a
more biomedical model of their disease.

However, not all patients wanted to examine their data for this
purpose. Our findings are striking in the degree to which medical
data were shown to have extremely serious emotional
implicationsfor patientswith MCC, sometimes serious enough
to be associated with abandonment of data tracking altogether.
“Bad” datavalues can be extremely upsetting, especially when
those “bad” values have or are perceived to have some link to
behavior. Patients’ language revealed the extent to which they
use judgmental terms of sin and transgression to describe both
their data and themselves. Furthermore, some of our patients
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noted with some surprise that their health care providers did
not seem very interested in their self-logged data; others have
noted that diabetes patients can interpret their providers
preference for |ab-measured hemoglobin Alc as meaning that
self-monitoring was not important [48]. Peel et a found that
counterintuitive blood glucose values confused patients and
could lead to discontinuation of monitoring, aswas reported by
one of our patients [49].

Onehighly relevant study reportsatrial of an electronic diabetes
diary and information app, which incorporates some of the
concepts we have recommended here [52]. In that trial, blood
glucose measurements were automatically uploaded via
Bluetooth from an electronic monitor, although food and
exercise data had to be manually input. Counseling, including
motivational interviewing, was added in one of the two
technology arms. Nevertheless, after 4 monthsthe app (with or
without supplemental counseling) was not associated with
changes in hemoglobin Alc levels[52]. The 18% attrition rate
in this study may have resulted from the relatively heavy work
burden of self-tracking the electronic data.

Limitations

The sample was generally representative of the demographics
of the MCC population. However, type 2 diabetes may have
been more prevalent in our sample than in the national MCC
population, in which type 2 diabetes occurs in three of the top
nine pairs of chronic conditions and four of the top nine
condition triads [53]. Interviews were also conducted in aUS
urban area and in English only, limiting the sample to patients
comfortablein that language. These reasons may limit relevance
to other populations, such asindividualsin other countrieswith
different health care systems, people in rura locations with
different challengesin accessing health care, or people of other
cultures or language groups.

Conclusions and I mplications

Developers of consumer health information technologies for
data tracking (such as diet and exercise apps or blood glucose
logs) often assume that a wide variety of patients will have
unlimited enthusiasm for tracking their own health data via
technology. However, adoption of new technologies does not
aways rapidly spread beyond computer-literate, highly
motivated early adopters. We suggest that to make a public
health impact, developers should be prepared to engage
creatively with avariety of pragmatic and emotional issues to
reach a broader audience that includes patients with chronic
disease.

Onerecommendation isto explore waysto engage directly with
the emotional impact associated with medical data, exploring
ways not only to motivate progress but also cope with negative
feelings. Developers should seek not to exacerbate negative
feelings or judgments, look at creative waysto support positive
feelings, and facilitate personal goal setting rather than imposing
external goals. Technologies could integrate techniques such
as motivational interviewing [54] that have been demonstrated
to help patients establish personaly relevant goals and action
plans, rather than seeking to persuade patients to adopt their
providers priorities. The behavioral economics literature can
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provide val uable guidancein leveraging effects such asframing,
defaults, and behavioral “nudges’ to promote engagement and
better decision making [55].

Another suggestion isto provide different formats for different
purposes. Patientswho are building a conceptual understanding
of disease might benefit from data-driven linkswith explanatory
material or even simulations. Patients who are using data to
check on goals might benefit from progress bars or visualized
target thresholds. A relatively small number of patients (such
as those adjusting insulin doses or high blood pressure
medications[22]) will be using datafor self-management; these
individualsare most likely to beinterested in remindersor derts.
Developing systems with the wrong purpose in mind appears
likely toirritate patients rather than support them. For example,
patients who have not established personally relevant goals are
unlikely to welcome visualizationsthat depict their “ progress’,
and patients who are already well educated about their disease
processes may prefer emotional and practical support to basic
educational material.

Ancker et al

It must ill be recognized that older generations are not
universally comfortable with electronic technologies and that
many low-income patients still do not have access to them. For
the foreseeable future, a significant subset of patients will lack
access to information technology. This creates tremendous
opportunities for exploring improved paper technologies. For
example, scannable paper forms might ease the burden of
tracking data on paper and be more widely used than mobile
apps by some groups. Technologies that benefit only younger
or more technologically sophisticated patients could have the
potential to widen health disparities rather than narrow them.
This issue of equity must be addressed in health information
technology broadly, but especially in technology intended for
personal health information tracking and management.

Finally, the concept of data tracking as yet another piece of
patient “work” resonated strongly with the participants. Novel
technologies are likely to be successful only if they clearly
reduce inconveniences and burden for patients, helping them
to accomplish their “work” more efficiently and effectively.
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Abstract

Background: The quantified self, self-monitoring or life-logging movement is a trend to incorporate technology into data
acquisition on aspects of aperson's daily life in terms of inputs (eg food consumed), states (eg mood), and performance (mental
and physical). Consumer self-monitoring mobile phone apps have been widely studied and used to promote healthy behavior
changes. Data collected through life-logging apps also have the potential to support clinical care.

Objective:  We sought to develop an in-depth understanding of providers' facilitators and barriers to successfully integrating
life-log data into their practices and creating better experiences. We specifically investigated three research questions: How do
providers currently use patient-collected life-log datain clinical practice? What are provider concerns and needs with respect to
this data? What are the constraints for providers to integrate this type of datainto their workflows?

Methods: We interviewed 21 hedth care providers—physicians, dietitians, a nurse practitioner, and a behaviora
psychol ogist—who work with obese and irritable bowel syndrome patients. We transcribed and analyzed interviews according
to thematic analysis and an affinity diagramming process.

Results:  Providers reported using self-monitoring data to enhance provider-patient communication, develop personalized
treatment plans, and to motivate and educate patients, in addition to using them as diagnostic and adherence tools. However,
limitations associated with current systems and workflows create barriers to regular and effective review of this data. These
barriersinclude alack of time to review detailed records, questions about providers expertise to review it, and skepticism about
additional benefits offered by reviewing data. Current self-monitoring tools also often lack flexibility, standardized formats, and
mechanisms to share data with providers.

Conclusions. Variations in provider needs affect tracking and reviewing needs. Systems to support diagnosis might require
better reliability and resolution, while systems to support interaction should support collaborative reflection and communication.
Automatic synthesis of datalogs could help providers focus on educational goals while communication of contextual information
might help providers better understand patient values. We al so discuss how current mobile apps and provider systems do, and do
not, support these goals, and future design opportunities to realize the potential benefits of using life-logging toolsin clinical
care.

(J Med Internet Res 2015;17(8):€203) doi:10.2196/jmir.4364
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Introduction

Overview

People increasingly turn to mobile phone apps and wearable
devicesfor health management. Nearly 70% of US adultstrack
at least one health indicator for themselves or for aloved one,
especialy if they suffer from achronic medical condition; 21%
use some form of technology to do so [1]. This year, an
estimated 500 million people worldwide will use a health care
app [2]. There are aready over 5000 self-monitoring apps in
Apple’'s iOS app store aone, including physical activity (eg,
Moves [3]), deep (eg, Sleep Cycle [4]), and food journaling
(eg, MyFitnessPal [5]) apps.

Many companies promise to take advantage of cheaper,
low-power sensors and ubi quitous connectivity to make patient
data about everyday health factors, behaviors, and outcomes
available to their health providers. This, they argue, will lead
to higher quality and less expensive hedlth care. Partnerships
between consumer device manufacturers and hedth care
systems, such as Apple's HeadthKit [6] in which Apple
collaborated with hospital systemsand el ectronic health record
(EHR) vendors, also promise to make the vast array of data
collected from these apps available to heath providers. To
achieve this potential, designers and administrators must
consider provider goals, perceptions, and workflows.

Health Information Technology and Life L ogs

Self-monitoring—using data manually entered by individuals
or objectively collected with sensors in phones or other
devices—has proven valuable for patients managing chronic
diseases that require behavior change [7,8]. Prior work has
identified barriers to using nonelectronic tracking tools, such
as paper-based diaries, for managing chronic diseases, either
individually or in consultation with providers[9,10]. Electronic
diaries have resulted in improved compliance rates, more
complete and higher quality entries, and greater user satisfaction
in comparison to paper diaries[9,11,12]. Wearable devices and
mobile phone apps that enable objective monitoring, such as
wirelessly connected pedometers, can further reduce user
burdens and improve the completeness and precision of data.

Consumer-focused life logs are a commonly used type of
self-monitoring app; these may contain health and wellness
data, such as food, physical activity, and mood, as well as
nonhealth data, such aslocation and calendar information. Early
life-logging prototypes were envisioned as systems that would
capture every aspect of someone's everyday life [13]. The
consumer life-logging and personal informatics apps [14] on
today’s market typically track one or two types of data (eg, the
mobile phone app, Moves, records | ocations, how peopletravel
between those locations, and physical activity) or are designed
to help people inspect and manage a particular health concern
or other aspect of their life. Maobile apps that track physical
activity and increase user awareness of activity levels can
increase motivation for behavior change[15,16]. Other systems
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have been designed to help end users identify factors that
influence their wellness behaviors and outcomes, for example,
as discussed in Bentley et a [17] and Kay et al [18]. These
life-logging and tracking tools have the potential to make
continuous, objective, and precise data available for clinical
care. Integration of datathat many people already collect using
these apps may then enrich medical care without adding new
burdens for patients.

While there is increasing interest in incorporating these data
into electronic medical records[19], how to integrate these data
into provider workflows without increasing provider burdens
remains underexplored.

Provider-Patient Communication

Technology tools can also enhance patient-provider
communication. Better communication in medical care correlates
with better patient adherence [20] and other intermediate
outcomes associated with improved health [21]. Many studies
have identified important objectives of provider-patient
communication, such as creating a good interpersonal
relationship, exchanging information, and performing shared
decision making [22]. Technology tools can support these
objectives. Studies of patient-care management toolsfor cancer
[23] and diabetes [24,25] have shown how technology can
support communication around care. In these studies,
symptom-tracking data helped patients promote conversations
with clinicians and empowered patients to control their ways
of interacting with doctors.

The use of technology during clinical visits can also harm
provider-patient communication. While paper-based medical
records can provide flexibility and afocus point during clinical
conversations, the use of computer-based electronic medical
records can create barriers to eye contact and communication
[26-29].

In recent years, telemonitoring has shown promise for various
health management programs, such as reducing readmission
rates for heart failure patients [29,30] and for diabetes
management [31,32]. However, most telemonitoring systems
have been designed with providers as the primary users and
designers have overlooked patient roles in providing context
and interpreting symptom data [33].

Self-trackers, on the other hand, predominantly use one or more
of avariety of consumer-focused life-logging apps and devices
availablein the marketplace; these have been designed with the
self-tracker as the primary user, independent of medical
professionals or other experts. Despite these tools not being
designed for the patient-provider interaction, around one-third
of current self-trackers have shared data from these apps with
their health providers [34]. When shared, however, providers
rarely engage with this data, which frustrates many of those
self-trackers [34]. These aspirations and frustrations are likely
toincrease asmobile phones gain more sensors, and more people
adopt wearable devices and health tracking apps [1,34].
Integrating data from these apps into clinical care may greatly
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expand the use of self-monitoring data by medical teams, but
at the expense of disrupting current practices and routines.

Research Goals

Overview

In our study, we sought to build upon previous findings to
identify specific opportunities and barriers for the use of
personal informatics toolsin clinical care. We focused on two
chronic conditionsthat are affected by everyday choices. weight
management and irritable bowel syndrome (IBS). Over time,
both conditions result in high direct and indirect health care
costs.

Overweight and Obesity

The prevalence of overweight and obesity areincreasing in the
United States[35] and worldwide[36]. Overweight and obesity
are associated with increased risk of cardiovascular diseases,
diabetes, hypertension, certain cancers, respiratory problems,
and osteoarthritis [37].

Addressing barriersto change, self-monitoring and strategizing
how to maintain lifestyle changes have proven to be effective
techniques for weight management. Counseling about changes
in diet and physical activity is desirable to patients [38], can
promote increases in physical activity [39], and results in
significant, sustained weight loss [8]. Despite ample evidence
supporting behavior change programs in treating obesity,
primary care providers report that inadequate training and lack
of time are significant barriers to providing counseling for
weight-loss patients [10].

To address the resource intensity of in-person behaviora
weight-loss programs, technology-enabled approaches are
increasingly common. Mobile phone apps that assist with goal
setting and self-monitoring may help overweight and obese
patientslose weight [12]. Integration of this consumer-collected
data with health care providers routines may increase and
reinforce the efficacy of behavior change efforts, but design
and treatment practicesto support use of this data are currently
unknown.

Irritable Bowel Syndrome

IBS is a chronic functional disorder characterized by the
presence of episodic abdominal pain associated with diarrhea
and/or constipation. It affects up to 20% of the US population
[40]. Each individua patient with IBS has a different set of
potential behavioral factorsthat can trigger asymptom flare-up.
Providers currently attempt to identify theseindividualized IBS
symptom triggers by manually scanning paper diariesfor food,
sleep, activity, and symptom correlations. However, these diaries
are typically handwritten with incomplete, disorganized, and
unreliable data. Therefore, providers often do not have thetime
or ability to interpret datafrom patient diaries[11]. Asaresult,
62.5% of IBS patients are dissatisfied with the feedback they
receive from providers regarding their diaries[41].

IBS patients and their providers need a more efficient and
effective way to use the data in these diaries to identify
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individualized lifestyle modifications that result in bowel
symptom reduction and improved quality of life. Limited
research has been conducted on the perspectives of IBS
providers on the goals for collecting, sharing, and representing
life-log data.

Through interviews with 21 health care providers, including
physicians, nurses, and dietitians, we contribute an
understanding of providers current practices and constraints
for reviewing life-log data and their concerns and needs with
respect to this data. Most providers aready have, and believe
they should have, a role in reviewing patients life-log data;
however, their opinions differ on specific roles and how much
this review can support diagnosis, development of treatment
plans, and the patient-provider relationship. Providers encounter
this data when patients bring in their own journal s, unsolicited,
or after directing patients to track as part of the diagnosis and
treatment process.

While many health providers recognize that patients prefer to
use, or already use, consumer-focused life-log apps, these apps
offer insufficient flexibility to meet provider needs and do not
support collaborative use during patient visits. Consequently,
providers rarely review data from patient apps, frequently
delegate the review of data to others, and usually ask that
patients use provider-preferred tools even if they are less
convenient for patients. Finally, though it was not the focus of
this study, we identified organizational and policy barriers to
provider-preferred workflows for reviewing patient-collected
data

Methods

Overview

To answer these questions, we conducted interviews with
medical providers. Our interviews covered their current use of
patient-collected data, how they aspire to use this data (if they
do), and what facilitates and inhibits such uses.

Participants

Werecruited 21 primary care providersthrough word-of-mouth
recruitment with colleagues. We focused on health providers
in a large, university-affiliated health system (1). To gather
perspectives from providers in other health systems, we also
interviewed providers in a second university-affiliated health
system (2), a health maintenance organization (1), and one
independent dietitian. Many providers also had experience
working in other university-affiliated health systems (participant
IDs: D02, GM09, GM10, D13, D15, GM21, D17, FM18),
another health maintenance organization (2) (participant 1D:
FM 16), and other private practices (participant IDs; D02, FM 05,
FMO06, D11, D12). Some of these organizations were in other
states (participant IDs: D02, GM09, GM 10, D15, FM 16, FM 18,
D20). Participants included 6 family medicine physicians, 1
behavioral  psychologist, 1 nurse practitioner, 5
gastroenterologists, and 7 dietitians (see Table 1). We
compensated each participant with a US $30 gift card.
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Table 1. Study participants.

Chung et a

Affiliation Speciaty

Participant IDs

University-affiliated health system (1)
Dietitian

Gastroenterologist

Family medicine physician

FMO01, FM05, FM06, FMO7
D02, D11, D12, D13, D15
GMO09, GM10, GM14, GM19

Behavioral psychologist BP03

Nurse practitioner NP04

Health navigator HNO8
University-affiliated health system (2) Dietitian D20
Health maintenance organization (1) Family medicine physician FM16, FM18

Gastroenterologist GM21
Independent Dietitian D17

Thefamily medicine physicians, dietitians, nurse, and behavioral
psychologist we interviewed work with patients on a variety of
concerns, including IBS and obesity/overweight, while the
gastroenterol ogistswork specifically with patientswith digestive
problems, such as IBS.

Our results describe practices, goals, and barriers experienced
by avariety of health providers. We believe the results describe
most US health systems, though we note where we identified
differences between health systems. Further, because the
providers we interviewed practice at a variety of clinic sites,
we were able to learn about experiences providing care to
patients with diverse backgrounds and socioeconomic statuses.
Thisisimportant, as personal informatics tools are commonly
critiqued, for the most part, as tools for technicaly savvy,
well-off individuals.

Interviews

We conducted an hour-long (range 50-70 minutes)
semistructured interview with each participant. Weinterviewed
10 participants in person and 11 by phone. The interview
consisted of three segments intended to help us learn about
provider experiences, goals, and concerns about using
patient-collected life-log data during patient visits (see
Multimedia Appendix 1). Inthefirst portion, we asked whether

providers currently review any patient-collected life-log data
as part of patient visits. If they did, we probed for the type of
data, the clinical conditions for which they use this data, the
review process, and their best and worst experiences with the
review process. If they did not review patient-collected life-log
data, we explored why they did not use this data. Next, we
followed up with questions exploring how patient-collected
life-log data does and does not currently fit into provider
workflows. These questionsincluded inquiriesinto the benefits
that the data and its review offers to the provider and their
patients, challenges in reviewing data, provider goals in
reviewing the data, and roles in the collection and review
process.

To help providers react to specific examples of different types
of data, including providerswho werelessfamiliar with personal
informatics tools, we used three paper prototypes in the
interviews. These included a dashboard for a physical activity
tracking device currently on the market (Fitbit [42]), a mobile
app to help IBS patientstrack symptoms and triggers (Gut Guru
[43]), and Health Report [44], a conceptual app that alows
patients to track symptoms between visits and then summarize
their databeforeaclinic visit (seeFigure 1, aand b). For remote
interviews, we presented prototypes using video chat features
or sent screenshots by email.

Figure 1. Patient-collected life-log apps (a, b) and a paper-based journal (c).
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Analysis Techniques

We audiotaped and transcribed all interviews. Thefull research
team conducted an affinity diagram analysis [45] to identify
key themes. We transformed the interview transcripts into
approximately 700 affinity notes. After several passes
inductively organizing these notesinto categories, we identified
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several themes regarding provider-perceived benefits and
barriers to use of consumer-oriented, self-monitoring data (see
Multimedia Appendix 2).

In addition to our affinity analysis, we coded each transcript
through a mix of deductive (based on our research questions
and themes identified in prior work) and inductive coding to
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capture other emergent themes. Two researchersindependently
coded the same transcripts and met to resolve ambiguities in
the codebook and to add and refine codes reflecting emergent
themes. After coding the remaining transcripts, we rereviewed
all transcriptsto reflect thefinal codebook. In coding transcripts,
we coded especially for goals and barriersto life-log data use.

Results

Overview

Overdll, providers saw potential benefitsfor using life-log data,
but rarely engaged with data from the apps many patients
aready use. Of the various types of everyday life-log data,
providers were most familiar with symptom and performance
diaries, such asan IBS symptom diary or aweight record. Most
providers (except participants N04, HNO8) were familiar with
various forms of food journals. Some (al dietitians and
participants BP03, FM01, FM05, FM16, FM17, GM18) had
experiences with encouraging patients to track their physical

Chung et a

activities or with patients bringing in their physical activity
records. Providers also mentioned using or encountering other
types of lifelogs, such as sleep logs (participants FM01, BPO3,
D12), stresslogs (participants FM01, BP0O3, GM09, D15, FM 16,
GM18), or mood diaries (participants BP03, D15, D17).
MyFitnessPal, Weight Watchers [46], and Fitbit were the most
common apps that patients had asked providers to look at and
review. Table 2 shows a summary of provider attitudes about
the benefits and barriers of self-tracking and reviewing tracked
data

Providers noted that even patients tracking on their
own—uwithout review by providers—can be beneficial, but that
their instruction and review can help patients overcome many
obstaclesto effective self-tracking. Providers al so reported ways
that their review of patient-collected data can help achievetheir
treatment and communication goals. Despite the many benefits
that providers have experienced and perceived, barriers to
integrating this data into their workflow remain, and these
barriers deter them from fully adopting the practice.

Table 2. Summary of results showing provider attitudes about benefits and barriers of self-tracking and reviewing tracked data.

Tracking by patient or Benefits

provider

Barriers and concerns

Patients tracking without

provider involvement toms, progress, and health outcomes.

Patients can identify trends and correlations from

their data.

Patients can learn about their behaviors, symp-

Self-tracking requires extensive patient time and commitment.
Patients may not understand what to track and how to track well.

Patients may have unrealistic expectations and |ose motivation when
they cannot immediately reap the benefits of tracking.

Patients can become moreindependent in manag-

ing their conditions.

Tracking directed by medi-  Tracking overcomes some patient motivational
cal team barriers.
Tracking provides opportunitiesfor patient educa-
tion.
Tracking reviewed by health  Tracking supports diagnosis.

care providers Tracking helps personalize treatment(s).

Tracking increases patient motivation and account-

ability.

Tracking supports the patient-provider relation-

ship.

Asking patients to track without having providers review the data
can send mixed messages.

Some providers doubt their ability to advise on tracking; many
providers doubt patient ability to review tracking data.

Providers may be unfamiliar with currently available tracking tools.

Providers have constrained time.

Providers question additional health benefits from provider review
of tracked data.

Thereisalack of tracking tool flexibility.
Thereisalack of tracking tool standardization.

There are no established mechanisms for patients to share tracking
datawith providers.

Benefits of Tracking, Even Without Provider
I nvolvement

Consistent with prior literature on the value of behavioral
self-monitoring [8,39], many physicians considered tracking as
an opportunity for patients to learn about their behaviors,
symptoms, weight-management progress, or other health
outcomes, and generally as a way to manage their health. If
patients can track, review, and analyze what they do on a daily
basis, it “will change how [they] do it” (participant GM10).
Participant D15 described how tracking data becomes an “eye
opener” for some of her patients. Tracking helps
weight-management patients see if, and how, they need to
changetheir food intake and can help IBS patientsidentify how
certain symptoms correlate with specific foods.

http://www.jmir.org/2015/8/e203/

Some physicians noted that as people develop good tracking
practices, they become capable of identifying trends and
correl ations between their behaviors and symptoms, and become
more “independent of physicians’ (participant GM09). When
people in aweight-loss program are already tracking their diet
and activity, participant D12 worries less about their chances
for success: “...they are a little bit more motivated, they are
going to become more educated in that, and that isgoing to help
them meet those goals.”

Provider-Perceived Patient Barriersto Tracking

Providers also described many barriers that prevent patients
from effective tracking. Some tracking requires a regular
commitment of time and effort, especialy for data that cannot
currently be logged automatically and unobtrusively, such as
food intake. Therefore, many patients do not adhereto tracking
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with sufficient frequency or detail to make this data clinically
useful. Patients might also not understand what to track and
how to track well. Some patients may track the wrong data or
may consistently not track well or accurately enough to gain
benefits; these patients may |ose their motivation for continued
tracking.

Patients also sometimes have unrealistic expectations for how
quickly they will receive benefits from tracking. They become
discouraged when they do not achieve them. Even when patients
track regularly and track the right factors, the apps they use do
not always help them draw actionable conclusions from this
data. For example, some IBS patients may expect to identify
specific foods that are symptom triggers, when specific
ingredients may be the trigger.

To address these barriers, patients may require alternative tools
or guidance from health experts on deciding what to track, as
well as how to interpret and act upon the data.

Benefits of Medical Team-Directed Tracking

Providers find that simply encouraging patients to track the
data, and later asking them how it is going, overcomes some
motivational barriersto tracking and managing chronic illness.
As noted in the previous section, additional coaching on what
to track, how to track, and how to review the data can help
patients learn to track the right datain the right ways. This can
also positively impact patients confidence in their ability to
benefit from tracking. Many providers—physicians, nurses, and
dietitians—considered themselves responsible for educating
patients on how to track and make use of data:

We play a role of educating patients about the use of
the data, so that they don't overreact or underreact.
Putting them into our perspective, and then being
able to use that across the board. [Participant NO4,
who uses symptom diaries)

Benefits of Reviewing Tracked Data

Overview

Provider review of patient-collected data can offer a variety of
further benefits. Many providersreported using patient-collected
life-log datato make, modify, or confirm diagnoses. Others use
the data to tailor treatment plans to patients' routines.

Supporting Diagnosis

For providers working with patients in weight-management or
chronic disease-management programs, diagnosisand treatment
is usually a multi-step and multi-provider process. They rely
on patient-collected data across multiple visits to make and
adjust their diagnosis and treatment plan. In  most
weight-management programs, primary care physicians often
diagnose overweight or obesity by assessing body mass index
(BMI), waist measurement, and other health risk indicators.
After diagnosis, patients are often referred to adietitian for diet
and exercise management. Participant D15 described her process
during weight-management dietary consultations:

At aninitial visit | probably spend 15-20 minutes on
reviewing what they eat [using a diet recall] and pen
that down. When they bring a food record in we'll
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spend about the same amount of time going over that.
Sometimes people will send me records then | follow
up by emailing them and asking questions. Usually
what I'll do islook at the whole thing to pick typical
days and a few other random days so that | can tell
the difference between calories. [Participant D15]

Participant GM09 described a similar approach for using food
and symptom journals with potential IBS patients:

If | seea patient for aninitial encounter and if | think
that they have IBS, | would give thematask to collect
some data then see them back in a couple of months.
Then I'll review it with them and see if together we
can come up with some trends or interventions that
might be beneficial for them. Once we have a
diagnosisand ingtitute a treatment plan then my goal
in each visit isto see if that's working or if we need
to adjust our management plan. [Participant GM Q9]

Participant D2 described an experience working with a patient
who had trouble determining the reason for her weight increase.
After she started tracking her food intake and exercise,
participant D2 and the patient reviewed the food log. Together,
they found out how many cal ories came from the bottle of wine
the patient drank each day. After identifying and acting on this
opportunity for change, the patient began to lose weight.

With multidisciplinary teams becoming increasingly important
in primary care, providers also use patient-collected data to
support decisions about when to involve other medical team
members. Participant FMO1 imagined that noticing poor sleep
hygiene from apatient’s sleep diary might lead him to refer the
patient to a behavioral psychologist to evaluate any
psychological etiology for insomnia. Participant D12 aso
believed that access to patient-collected data by all medical
providersallowed for amore cohesive team approach for patient
care:

[If patient-collected data indicates that other
psychological factors, not just dietary intake, are
affecting symptoms] the dietitian gets support too.
Because you got other providers working with the
patient too. [Participant D12]

Personalizing Treatment

Reviewing self-monitoring data together also provides
opportunities for providers to learn about their patients.
Understanding patient preferences and routines hel ps providers
shape care to individual needs. Participant D13 talked about
her experience working with people who described dieting their
whole lives, but who were still unable to lose weight. By
working with them to understand their routines, she was able
to tailor the diet suggestions based on their individual diet
constraints or cooking habits.

IBS diagnosis and treatment is a complex process that requires
excluding other conditions that produce similar symptoms,
categorizing patient symptoms, and determining individualized,
heterogeneous triggers. It also requires identifying which
symptoms a patient most wants to address and what changes
he or sheis, and is not, willing to make to manage them. To
help with this process, health providers want tracking tool s that
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are more flexible and that support tracking the symptoms most
important to their patients:

It would be helpful if the patient has another symptom
that they think might be related and be able to track
that symptom as well as [what they are already
tracking]. [Participant GM10]

Communicating around shared symptom and behavior logs can
also help providers learn about their patients' priorities, both
for symptoms and lifestyle.

Increasing Moativation and Accountability

Directing patients to track data and coaching them on what to
track benefits many patients, but many others continue to
struggle with motivation. Providers find that reviewing data
with these patients can show them “why it’svaluable for [them)]
to collect those data’ (participant D11), leading to increased
patient engagement with the tracking activity, as well as with
the overall treatment plan. This is especially the case when
patients are unable to draw meaningful conclusions from the
data on their own. Going to the effort of collecting data but not
having it lead to improved health or a reduction in symptoms
isafrustrating, tiring process. Participant D02 emphasized the
importance of reviewing data with patientsin this situation:

It's more helpful if you have someone to review it
with, because otherwise it might look like “ Why am
| doing thisto myself? I’mjust taking all thistime for
nothing”” [Participant D02]
Consistent with Mohr et a [47], providersalso felt their review
of patient data could increase patient accountability and
adherence to the treatment plan. One of participant D12's
patients noted, “1 know | have to turn it in so I'm going to eat
healthier.”

Supporting the Patient-Provider Relationship

Overview

Reviewing self-monitoring data aso helps providers
communicate and build relationships with their patients.
Effective provider-patient communication supportsinformation
exchange and shared decision making, which may increase
patient knowledge about their health status and adherence to
the treatment [22].

Learning About Patients

Many providers use patient-collected data and the review
process to learn about their patients, to “get an idea of what's
going on in ther life" (participant GM10). While this
information can help identify alternative sources or triggers of
certain symptoms, it also can reveal unarticul ated patient values
and goals. Data common in consumer life-log apps, but not in
many provider-preferred tools—"What do you do? Do you live
by yourself? How long is your commute? Who else lives with
you? What kinds of obligations to your time do you have?’
(participant D13)—revea constraints and opportunities for
change. Participant FM 06 thought she could discover “what the
patient cares about” from tracked data and conversations about
that data, and then use this information to motivate the patient
to stay in the program. For example, participant D20 asked a
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patient to record the context of eating and found he ate more
when he had peer pressure from cousinsand friends. Therefore,
instead of just telling him to eat less, they brainstormed ways
to improve his diet without sacrificing his social life.

Facilitating Discussion and Managing Visits

Many providers use patient-collected data to facilitate
discussions during visits. If providers have access to the data
prior to or at the beginning of the visit, they can plan the visit
agenda around patient concerns or have a topic to initiate the
conversation. For participant D02, thetracked datais particularly
useful when patients do not have, or have trouble articulating,
aclear reason for avisit:

If they don’t know what the problemis, | at least have
something to look at, and | can identify whereto start
to ask questions around rather than having a million
things | can ask about but not knowing if any is
relevant. [Participant D02]

Some providers prefer to have the data ahead of time so they
can better prepare for the visit, particularly when a patient
collects a considerable amount of data between visits:

If | had seen this [report] beforehand, this would be
really nice for me to know what she is planning on
coming in and what she wants to talk about so it
doesn’t catch me by surprise, so | can prepare for it
too. [Participant D12]

Others felt they would rarely have time to review patient data
before avisit, so they preferred to engage with this patient data
only during visits.

Some providers use patient journals to facilitate and create a
record of conversations during visits. Participant D13 showed
us her favorite paper-based food journa (see Figure 1, c) and
explained how she uses it to facilitate her conversations with
patients. During a visit, she highlights certain columns to
emphasize main points of the conversation or for follow-up.
She crosses out other columns to alleviate unnecessary patient
concerns and to help focus the conversation. Patients can then
take the annotated record and use it to reflect on their behavior.
Thisgives patients an artifact that supportstheir memory of the
conversation and can help them journal more efficiently in the
future.

Participant BPO3 has his patients practice cognitive behavioral
therapy at home and send him their thought records before visits.
When they are together in the clinic, participant BPO3 shares
his computer screen with his patients and they review the data
together. This helps participant BPO3 and his patients better
understand each other’sfocusand correct any misunderstandings
right away.

Barriersto Using Tracked Datain Clinical Care

Overview

Degspite the benefits of reviewing patient tracking plans and
patient-collected datain clinical care, providers encounter many
challengeswhen they try to usethisdatain their current practice.
Primary care and gastroenterology physicians found it
challenging, if not impossible, to review large amounts of data
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during short visits and they lack incentivesto review it outside
of office visits. They also questioned whether they have the
appropriate expertise to review the data. Therefore, they prefer
to delegate reviewing the data to other medical team members,
such as dietitians. These providers typically have longer visits
with patients and more expertise and experience in identifying
problems using life logs, especially food diaries. However,
dietitians experience their own time and workflow constraints
to reviewing the data, complicated by electronic tools that do
not support their needs. In the next sections, we review these
barriers and concernsin detail.

Lack of Time

Across providers we interviewed, the common clinic
appointment in family medicine or gastroenterology lasts 15 to
20 minutes, leaving less than 5 minutes—more often 1 to 2
minutes—for a provider to review self-tracked data. Many are
skeptical about what they can meaningfully achievein that time.
For example, participant FM07 said she does not have enough
time during a visit to explain what the data means, and so she
chooses not to review it at all.

Some physiciansweinterviewed believe reviewing databetween
visitsis valuable, but they also feel thiswork is not recognized
and thusthey cannot allocate much timeto it. Participant FM05
reported he could only spend 5 to 10 minutes per day reviewing
patient-collected dataacrossall patients (around 20 patients per
day). Current workflows and incentive structures pose “atime
barrier that discourages me from reviewing” patient-collected
data (participant GMQ9).

Compared to physician visits, the typical patient visit with a
dietitian lasts 30 to 60 minutes. This causes many physicians
to delegate the review of self-monitoring data to dietitians and
focus on other topics during their short visits. Dietitians
normaly spend 15 to 20 minutes reviewing tracked
data—predominantly food journals, sometimes along with a
physical activity or symptom diary—with patientsand consider
it avaluable part of their consultation.

Many dietitians also work with patients on their tracked data
outside of clinic visits. Patient portals and other toolsfor online
communication enable dietitiansto review data, discussbarriers
to tracking, and recommend changes to a treatment plan on an
ongoing basis. Many dietitians believe thisisthe most effective
way to help people to manage their diet for either weight
management or IBS symptom control; however, they are hesitant
to encourage this practice because this work is unbillable and
unpaid across hospital systems. Providersare not normally paid
for phone calls, emails, or any e ectronic communication outside
of patient visits. Participant BPO3 said the incentive structure
“has a perverse, mixed message: collect the data but you don't
havetimeto doit.

Questions About Expertise and Benefits Offered

Most physicians reported that they are often the first person to
see patient-collected data, even if they have doubts about their
time and expertise to engage with it. Participant GM09 notes
that there is often no alternative: “Thereis no one (to help me
review the data). | review the data myself.”
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Facing time constraints and alack of expertise, many providers
prefer to refer patients to dietitians, when possible. Dietitians
have more expertise reviewing food journals and the review
activity is“morein linewith the normal interaction” (participant
GMO09). Participant GM 14 shared that even though she has a
degree in nutrition she does not consider it her strength to
understand food types and nutrients efficiently:

They (dietitians) ask all of those questionsand | don’t.
I’mnot good at that. | could probably muddle my way
through it but it wouldn’t be efficient and | wouldn’t
get as good information out of it. [Participant GM 14]

This support, though, is not always available. While participant
FM18 used to refer patients to dietitians for food-related
concerns, there are currently no dedicated dietitiansin the health
maintenance organization (1), so he conducts this review
himself.

Other physicians, however, find it more effective to review the
records themselves rather than to delegate to other providers.
Now that he reviews the data himself, participant FM 18 feels
that, as the only member of the medical team with regular and
consistent interaction with patients, heisin the best position to
use the datato offer advice and to enhance hisrelationship with
patients. Participant GM19 aso used to refer patients to
dietitians, but patients rarely followed up with them. Now he
reviews patient-collected data and offers feedback himself.

Lack of Flexibility

Tailoring tracking activity and atreatment plan for an individual
patient is important for both weight management and IBS.
However, providers reported that current consumer apps and
provider tools, including mobile phone and Web apps, do not
provide sufficient flexibility to address the needs of both patients
and providers. For example, for some patientsit is necessary to
track a myriad of factors and symptoms in detail, but others
might only need to focus on a certain type of food. According
to participant D13, systems that require or encourage patients
to track and review more data than necessary often discourage
patients from tracking. Participant FMO1 said a system should
“have the ability for the individual physiciansto tailor it to the
way they practice” otherwise it is difficult for providers to
integrate it into their clinical workflow.

Lack of Standardization

Oneway patients achieve someflexibility isby choosing among
the many apps available in the marketplace. Paradoxically, this
creates problems of data standardization when they try to share
thisdatawith their health providers. For some health data, such
asglucoseleve, blood pressure, and symptom history, providers
use standardized forms or applications. This standard, consistent
presentation facilitates their accurate review of datain a short
amount of time. However, consumer-oriented life logs often
lack a standardized format, or when they do standardize the
data, they reduceit to afactor neither the patient nor the health
provider cares about (eg, caloriesfor IBS patients). Participant
FM16 wanted to use “physical activity as vital signs’ in her
practice, but found it difficult to compare or to define “ activity
level” among various types and levels of physical activities.
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Some standardized forms for food journaling have been
developed for provider use and have been adopted in practice.
However, these forms are often difficult for patients to use (cf,
Cordeiro et al [48] and Tsai et al [49]) in socia settings and to
carry around, which leadsto incomplete records and recall bias.
Participant D15 describes her frustrating experiences with
standardized food journals:

We had food records as little booklets...but the
problemis, how do we get that back to us? They either
had to mail it to us, or they had to come in and drop
it off, or, if we were seeing them again they could
bring it. Half the time people forget to bring it. So, it
became easier to just say, “ Okay, why don’'t you
record it in any format you want and then either send
ittomeor bring it to me” [Participant D15]

Like participant D15, many providers do not provide patients
with standardized forms unless patients request them. However,
when patients track using their own paper or electronic diaries,
this creates challenges for providers to review this free-form,
inconsistently formatted data. Free-form dataand consumer app
that limits on data export also prevent providers from generating
and viewing meaningful, actionable summaries.

While needs vary according to provider goals, providers all
need different, typically more summarized, views of the data
than do their patients. For example, while many patients ask
providersto review exerciselogs, most providers have difficulty
efficiently interpreting heterogeneous, detailed physical activity
logs. They find that having patients verbally summarize thelogs
isstill amore efficient way to gain insights from it.

Lack of Mechanismsfor Sharing With Providers

Many life-log apps do not offer data export features, other than
application programming interface (API) access or sharing to
social network sites. This creates barriersto integrating this data
into provider practices, especially when they want to be ableto
review it on a day-to-day basis or during patient phone calls.
Participant D15 has better experiences sharing data from
paper-based diaries, which can be photographed or scanned,
than with current mobile phone apps:

[If it's recorded on paper] | can keep it and look at
it. If they email it to me | can go back and reference

Chung et a

it. If it's on somebody’s phone app then | can't.
[Participant D15]

While some providers prefer to conduct in-depth reviews of
data only during clinic visits, they also report that the mere
potential to access the data remotely would help them achieve
more benefits from lifelog data, such as increased
accountability:

[ Patients] will not be held accountablefor it because
there would be no way | could see it before [the]
appointment other than [if] they were emailing it in.
[Participant D12]
As a result, some providers hesitate to encourage patients to
uselife-log appsand prefer that patients regularly email records
or bring paper formsto visits.

Discussion

Principal Findings

Providers had varying goals and needs for using and reviewing
life-log data (see Table 3). Everyday life logs can support
diagnosis, prioritization for follow-up, patient education, patient
engagement, and treatment. These data, particularly from
provider-directed tracking, are typically used to determine
symptom triggers, to guide patient self-monitoring and
treatment, and to motivate patient adherence to diagnosis and
treatment plans. This set of patient and provider goals, and
corresponding design needs, for IBS and weight management
is largely consistent with those identified in work with other
chronic conditions [24,31,50].

Life-log data, however, aso offer more insight into patients
lives and priorities, and thus offer new opportunities to support
patient-provider communication, better patient-provider
relationships, and more patient-centered treatment plans. These
data may include nonhealth data, such aslocation histories and
calendar information, that can hel p providerslearn about patient
values, constraints, and goals, as well as help facilitate
discussionsand help patients and providers manage clinic visits.
Currently, thisuseisamost exclusively at the patient'sinitiative,
and islargely unsupported by current app design.

Table 3. Benefits providers achieve with life-log usein clinical care, as reported for irritable bowel syndrome and weight management.

Provider-perceived benefits Uses of life-log data Initiators
Diagnosis support What and when do patients log? Health providers
What triggers symptoms?
Do patients track the right thingsin the right ways?
Treatment design and planning What are patient routines and priorities? Patients

Do patients adhere to treatment plans?

Provider-patient relationship building

What are important aspects in the context of patient health behaviors?

What do patients value in terms of lifestyle choices?

Health providers or pa-
tients

Most of these goalsare not well supported by currently available
commercia apps, and each set of goals drives different design
requirements and opportunities. In this section, we discuss how
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Provider and Patient Goals Affect Tracking Needs

Overview

Systems supporting the use of patient-collected datain clinical
settings should take into account varying provider goals and
tracking needs, such as diagnosis, education, motivation, and
relationship goals. Standardization of dataformats, accompanied
by personalization of which dataare collected and how they are
presented, will help to support these goalswhile preventing data
from overloading providers and patients [51].

Thevarious patient and provider goals (eg, diagnosis, education,
agenda setting, and relationship building) require different
balances of personalization and standardization.

Supporting Diagnosis Versus Supporting I nteraction

When developing potential treatment plans, providers look for
detailed information during their review of patient
self-monitoring data. If their goal isto identify specific triggers
for symptoms, they look for correlations between factors,
whereas if providers are monitoring a symptom or outcome,
they try to identify trends and outliersin the data. For example,
when working with patients in weight-management programs,
providers need precise portion, nutrient, and calorieinformation
to be able to make diet recommendations. When working with
IBS patients, providers focus more on common food triggers
for IBS symptoms: lactose, fiber, and fermentable, oligo-, di-,
monosaccharides and polyols (FODMAP) foods.

However, when providers use patient-collected data to support
their interactions with patients, they often look to understand
patient goals and priorities. For example, if a patient’s goal is
to walk 10,000 steps per day, the provider may focus on how
frequently the patient meets this goal. Then they can start a
conversation about the patient’s experience, give suggestions,
and discuss remaining barriers. What patients emphasize in
symptom logs or food diaries can help providersidentify patient
priorities and routines about which patients are and are not
flexible. Therefore, systems to support patient-provider
interactions should provide different granularity of summaries
of tracking data that helps providers effectively focus on
important facts alongside patients’ subjective experiences of
this data.

Educating Patients Versus Engaging Patients

Providersplay arolein educating patients about their symptoms,
health status, tracking, and outcome management. A system
can support this educationa role. Many traditional
telemonitoring systems allow providers to leave feedback on
patient-collected symptoms outside of visits [24,33] or to
facilitate patientsin making sense of their data[31]. Consumer
life-log tools have rarely been designed to support this
collaborative education, and there are exciting opportunitiesto
do so. For example, automatic synthesis of food journal entries
may help providers explain what FODM AP foodsareto anewly
diagnosed IBS patient, using example foods the patient
commonly eats. They could al so then discuss categoriesto focus
on, and customize the app to provide feedback on this.

For weight management, many systems support automated
calculation of calorie intake and expenditures within a day or
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over time, helping people see the effects of their choices [49].
These systems could better support patient-provider
conversations around diet plans by alowing providers to
demonstrate how small differencesin choicesin the prior weeks
could have led to different calorie balances. Such an app could
then alow providers to save these simulations as a nutrition
plan for the upcoming week.

Providersalso usetheir understanding of patient values, routines,
life events, and how tracking fitsin with these contextual factors
to help keep patients motivated to follow their tracking or
treatment plans. For exampl e, participant D13 had an experience
when her patient did not fill in the record because her daughter
was sick and she did not have timeto cook. Seeing thisreflected
in the record prompted participant D13 to have a supportive
conversation to comfort the patient rather than reminding her
of the importance of tracking. Therefore, systems to support
this provider goa should be capable of collecting and
communicating relevant contextual information. While systems
to support diagnosis and disease management require
high-reliability-tracking technology [52], use of engaging, but
perhaps less reliable, consumer-centric tracking apps might
offer better support for patient-provider communication around
routines, values, and priorities. Prior work (eg, Gronvall and
Verdezoto [53]) has noted the importance of routines and val ues.
The ability to use current consumer-centric toolsto identify this
information, however, has not been previoudy articulated, at
least not in support of some provider goals and for collecting
the data; presenting data remains a barrier.

Limitations of Current Systemsand Design
Opportunities

Overview

Providers who have experience using various tracking tools
report that some tools are better at supporting their goals than
others. Traditional paper-based diaries still play an important
rolein many provider-patient interactions, while computer- and
mobile phone-based systems provide features to support remote
interaction and dynamic representation of data. By
understanding the benefits of each system, designers can create
life-logging and other self-monitoring apps that will better
support provider needs.

Dynamic Representation Versus Flexibility

Computer-based systems have the potential to synthesize data
automatically and present dynamic summaries. This helps
providers and patientsidentify trends, correlations, and regular
or irregular events during the tracking period. However, most
current systems do not give providers the flexibility to adjust
tracking plansfor what to track and how records and summaries
are presented; they do not generate summaries in formats that
providers need. As a result, patients often spend considerable
effort collecting irrelevant information or collecting potentially
valuable information that providers never fully review. On the
other hand, paper-based records preserve the flexibility for
providersto adjust what dataa patient tracks and how they view
individual records. Without the resourcesto enter these records
into a standardized database, however, it is impossible to
generate summaries automatically or to correlate them with
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other data. When patientsarediligent in tracking and they bring
thisdatato visits, providers must quickly “eyeball” the dataand
summarize it themselves.

Future tracking systems should allow providers and patients to
customize the data that they track and the ways in which it is
presented. Many telemonitoring systems have been designed
to allow patients to transmit tracked data to their remote health
care team members in a standard format [54]. However, these
systems have been designed primarily with the provider's
objectives in mind, collecting data and health outcomes at
intervals that are meaningful and practical to health care
providers. These systemsrarely integrate with patient-preferred
data collection tools—commercial mobile phone apps or
wearable devices—and thus create unnecessary barriers for
patients to integrate the tracking process in their everyday
routines. Some do not even provide interfaces for patients to
view their data. When patients cannot benefit from tracking
without involving their health providers, it is difficult for them
to stay engaged with the tracking activity [55].

Previous efforts to integrate consumer health data flexibly into
health providers' routines havelargely failed. Google shut down
Health [56] and Microsoft has not reached critical mass with
HealthVault [57,58]. Weaknesses included alack of integration
of consumer datainto these systemsand lack of subsequent use
in health care provider workflows [58,59]. Newer frameworks
such as Apple HealthKit, Microsoft Health [60], and Google
Fit [61] alow interoperability and data portability between
different consumer appsand provider tools. They address some
of the earlier concerns about poor integration, and may become
an important enabling infrastructure by allowing patients and
providers to customize tracking tools for an individual based
on hig’her routines, preferences, and needswhile still presenting
the datain a consistent, familiar interface for providers.

We caution, however, that while modern health data-sharing
systems and frameworks may enable better data sharing for
diagnosis and treatment, they are in many regards still less
capable than paper-based tracking tools. Their highly
standardized formats lose some of the contextual richness that
supports patient-provider relationships, communication, and
visit management. These formats are also lesslikely to support
the collaborative interactions patients and their providers have
around what and how to track using paper journals. For example,
while new health frameworks enable consumers to import data
from many different tracking tools and share with an app of
their provider’s choice for review, this unidirectional process
reduces opportunities for providers and patients to collaborate
on how to use atool and which specific data to track.

PatientsLikeMe [62] tries to bridge digital and paper formats
by allowing patients to track some health factors digitally and
then print Doctor Visit Sheets[63,64]. One-third of respondents
ina2010 survey of PatientsLikeMe usersreported using Doctor
Visit Sheets to support health care visits [64], but none of the
providersin our study had encountered one of these summaries.
This suggests that the tracking and summarization in
PatientsLikeMeworksfor some users and some conditions, but
not thosein our study. Tracking in PatientsLikeM e best supports
medication and side-effect tracking, with diet tracking limited
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to recording vague, nonspecific changes such as “diet
modification” for obesity or “low FODMAP diet” for IBS. It
also only supportslimited integration with other appsor devices,
supporting only Fitbit. Similar to modern health data-sharing
frameworks, the visit sheets can lose much of the context
captured in consumer health and life-logging apps. While this
tracking may be useful for understanding the efficacy of
medications or broad treatment approaches at the population
level, the current capabilities are of limited use to patients
seeking to manage IBS, weight, or similar conditions.

Supporting Remote and Face-to-Face I nteraction

Providers want self-monitoring tools and their organizationsto
provide better opportunities for patients and providers to
communicate and review datain person and remotely. Patients
typicaly bring the data to their office visits, where there are
many challenges to reviewing the data together. In many clinic
rooms, arrangement of computer screens does not allow both
the provider and patient to review the data. When providers
review data on their screen or on a borrowed mobile phone, it
creates barriers to eye contact and communication similar to
the challenges of using acomputer to review electronic medical
records (cf, Alsos et a [26] and Chen et al [27]).

Providers often need to discuss, review, and ask questions about
life-log datain a collaborative fashion, which is different from
when they interact with medical records by themselvesand then
explain the results to patients. Therefore, instead of designing
interfaces and rooms to minimize attention to digital devices
[26], designerswishing to support life-log usein clinical settings
should provide mechanisms to support shared, collaborative
review and interpretation. Sharing life-log app dataon amobile
phone, asis often necessary when patients use consumer apps,
also means that limited information can be displayed at one
time. Paper-based diaries give providers and patients the
flexibility to lay out and rearrange different pages during
face-to-face interactions, but they limit synthesis or remote
sharing and review.

Clinic administrators and app designers might explore
screen-casting capabilities. Sharing mechanisms have been
described in previous research [24] and by providers that we
interviewed (participants D02, D15)—patients either bring their
own device or sharetheir passwordswith providers. In contrast,
screen casting would allow patients and providers to review
more data on a shared screen and still allow patients to retain
“ownership” and control of their data. Collaboratively annotated
individual records or summaries would also provide patients
with an artifact of the conversation that the patient could useto
support their tracking and treatment between visits[24].

Organizational Support

Reviewing patient-collected life-log data can help providers
manage visits and devel op or adjust treatment plans. It can also
support patient-provider communication. By helping providers
learn about patient values, goal's, and constraints, and by offering
them real examples from patient data to use in conversations,
life-log data supports patient-provider communication, which
supports better patient outcomes[21]. On the other hand, health
care decision makers report barriers to adopting
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technology-based tools, such as limited budget and resources
or concerns about reimbursement policies [65]. Similar to the
providersin our study, primary careteamsin other recent studies
report lacking the time, education, and compensation necessary
for themto review dietary dataand provide dietary consultation,
creating barriersto adopting el ectronic-based dietary assessment
tools [50]. To achieve the benefits and overcome the barriers
associated with provider review of tracking data, policy makers
and health system leaders should evaluate whether incentive
structures and clinic visit workflows can be revised to enable
potential benefits to be achieved more reliably.

Our study provides one of the first in-depth examinations of
clinician attitudes toward, and experiences with, using life-log
data in clinica care. The perspectives of these front-line
providers will help guide the design of life-log tools, support
providersand patientswith accessing thisdata, and steer policies
regarding integration of both into current processes. Future in
situ observational studies could provide more-detailed insights
into the process of reviewing life-log data and its influence on
clinical workflow.

Conclusions

In this study, we characterized the benefits health providers gain
through use of life-log data, aswell as the barriers they facein
achieving these benefits. In particular, we identified two broad
categories of life-log data use in IBS and weight management:
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supporting diagnosis and treatment, as well as building
patient-provider relationships in ways that support open
communication and tailoring treatment plansto patient priorities
and routines.
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first bring their data to their physicians, physicians prefer to
refer these patients to providers with more accommodating
workflows and better-matched expertise. Dietitians, on the other
hand, have to work with patients outside of clinic time, without
extrareimbursement, to make the best use of the data. Current
apps hinder effective tracking and data sharing by not offering
flexibility to tailor tracking plans, by not supporting standard
data types and summaries for provider review, and by not
providing a mechanism for provider review on a day-to-day
basis.

New health data-sharing frameworks, such as Apple HealthKit,
Microsoft Health, and Google Fit, promise to integrate
consumer-collected life-log data automatically, including data
sensed by the companies’ own platforms. Apple has worked
with the Mayo Clinic and other leading health care organizations
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Abstract

Background: The Internet contains a plethora of nutrition information. Health organizations are increasingly using the Internet
to deliver population-wide health information and interventions. Effective interventionsidentify their target population and their
needs; however, little is known about use of the Internet as a source of nutrition information.

Objective: The aim was to assess the change in prevalence and demographic characteristics of Western Australian adults
accessing the Internet as a source of nutrition information and identify specific information needs.

Methods: Datawere pooled from the Western Australian Department of Health's 3-yearly Nutrition Monitoring Survey Series
telephone survey between 1995 and 2012 of 7044 participants aged 18 to 64 years. Outcome variables were the main sources of
nutrition information used in the last year and yes/no responses to 4 suggestions to what would make it easier to eat a healthy
diet. Sociodemographic variables were collected.

Results: The proportion of respondents using the Internet for nutrition information increased from <1% in 1995-2001 to 9.1%
in 2004 and 33.7% in 2012. Compared to 2004, logistic regression showed that the odds of using the Internet for thisinformation
increased significantly in 2009 (OR 2.84, 95% Cl 2.07-3.88) and 2012 (OR 5.20, 95% CI 3.86-7.02, P<.001). Respondents using
the Internet as a source were more likely to be female (OR 1.30, 95% CI 1.05-1.60, P=.02), live in ametropolitan area (OR 1.26,
95% CI 1.03-1.54, P=.03), bornin countries other than Australia/UK/Ireland (OR 1.41, 95% CI 1.07-1.85, P=.02), more educated
(university: OR 2.46, 95% CI 1.77-3.42, P<.001), and were less likely to be older (55-64 years. OR 0.38, 95% CI 0.25-0.57,
P<.001). The majority of respondents agreed the following information would assist them to make healthier choices. more ways
to prepare healthy foods (72.0%, 95% CI 70.7-73.3), quicker ways to prepare healthy foods (79.0%, 95% CI 77.8-80.1), how to
choose healthy foods (68.8%, 95% CI 67.5-70.1), and knowing more about cooking (54.7%, 95% CI 53.3-56.1). Those using the
Internet for nutrition information were more likely than nonusers to want to know quicker ways to prepare healthy foods (83.0%
Vs 78.1%, P=.005) and information on choosing healthy foods (76.3% vs 67.3%, P<.001).

Conclusions: Use of the Internet as a main source of nutrition information has grown rapidly since 2004; one-third of Western
Australian adults reported using the Internet for this purpose in 2012. Information on preparing healthy foods (ideas, quicker
ways), choosing ingredients, and knowing more about cooking would make it easier to eat a healthy diet. For Internet users,
emphasis should be on quicker ways and choosing ingredients. These finding have implicationsfor policy makersand practitioners
and suggest that traditional health promotion tactics should continue to be used to reach the broader popul ation.
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Introduction

Use of technology for communication has increased and
traditional sources of information have changed in importance
over time. Use of the Internet in Australian homes has risen
dramatically from 3.4% of householdsin 1996 to 80% in 2012
[1,2]. Searching for health information isthe third most popular
use of the Internet [3]. Recent research in the United States,
Norway, and Canada estimatesthat almost half of Internet users
search for information on diet and nutrition [4-7]. The
Norwegian research estimated that 40% of online health seekers
are willing to change their diet or other lifestyle aspects [5].
The size and scale of the Internet raises concerns about the
credibility and reliability of the nutrition and dietary information
available [8].

In Australia, diet isasignificant factor contributing to the burden
of disease[9], accounting for 43% of thetotal risk factor burden
[10] at an estimated cost of AUS $67 billion per year in 2010
[11]. The general population is bombarded with misleading or
inaccurate nutrition messages [12]. Population-wide health
interventions aim to improve the quality and quantity of dietary
choices by providing sound nutrition and dietary information.
Interventions that provide accurate and balanced information
enable the target population to make well-informed, healthy
choices [13]. The World Health Organization encourages
countries to develop food-based dietary guidelines and most
nutrition interventions are based on these [14]. Australian
Dietary  Guidelines have provided evidence-based
recommendations for a healthy diet over several decades
[15-18]. The challenge for health authorities is to promote
changesin dietary intake, replacing eating patterns predominated
by energy-dense nutrient-poor “discretionary” foodswith eating
patterns that are in-line with the dietary guidelines [19].

Online hedlth interventions have the capacity to influence
voluntary behavior change and have the advantage of lower
costs and increased reach when compared with moretraditional
channels, such as print media, with similar impact [20]. In
addition, the Internet offers the ability to individually tailor
intervention messages or provide interactivity that is not
available with other channels [21]. Web 2.0 features have been
demonstrated to have great potential for Internet-based health
interventions [21]. Social media apps utilizing Web 2.0 allow
for the creation and exchange of user-generated content [22]
that moves beyond one-directional read-only website content
[23]. More than half of US adults use social media [24] and
two-thirds of Australian adults who used the Internet at home
went online for social networking [2]. A third of online health
seekers in the United States used social media to source
health-related information in 2008 [25]. Evidence suggests that
peopleusing social mediafor health information are morelikely
to read rather than create or contribute [26]. Thefastest growing
source of information about health and nutrition for younger

http://www.jmir.org/2015/8/e209/

adults is social networking sites such as YouTube, Facebook,
and Twitter [27].

As use of the Internet has grown, the potential to reach alarge
number of people has made it appealing for dissemination of
nutrition interventions. Government and not-for-profit health
organizationsincreasingly usetheInternet for popul ation-wide
health interventions[20,21,28]. Effective nutrition interventions
require use of timely and appropriate delivery channels for
dissemination. An understanding of the population and their
current media use assists with selecting appropriate social
marketing communication channels [29]. At the time of
conducting this research, little was known about use of the
Internet as a source of nutrition and dietary information in
Australia and the types of information sought.

The primary aim of this paper was to assess the change in
prevalence and demographic characteristics of those using the
Internet as a source to obtain nutrition and dietary information
among Western Australian adults over 2 decades. To assist with
the development of population-wide nutrition interventions, the
association between use of the Internet as a source of nutrition
and dietary information and the respondents’ perception of what
would makeit easier for them to eat ahealthy diet was explored.

Methods

Sample

The data were part of the Department of Health in Western
Australia sNutrition Monitoring Survey Series(NMSS), which
aims to investigate the nutrition knowledge, attitudes, and
behaviors of Western Australian adults related to the Dietary
Guidelines to prioritize and monitor the impact of nutrition
interventions. Computer-assisted telephone interviews with
7044 Western Australian adults aged 18 to 64 years were
conducted from July to August in 1995, 1998, 2001, 2004, 2009,
and 2012. The 1995 sample was stratified by geographic area
and the 1998, 2001, and 2004 samples were quota sampled by
gender and geographic area. The telephone numbers were
selected randomly by acomputer-generated random digit dialing
program. In 2009 and 2012, the samples were randomly drawn
from the 2008 and 2011 Electronic White Pages for Western
Australia, respectively, and stratified according to area of
residence. The details of survey and sampling strategies can be
found elsewhere [30].

Outcome M easurements

The main purpose of this study was to assess change in
prevalence and demographic characteristics of Western
Australian adults using the Internet as a source of nutrition and
dietary information. To answer the main purpose, respondents
were asked an open-ended question: “In the last 12 months,
what have been your main sources of nutrition and dietary
information?” After first responses were given, the interviewer
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probed “anything else? The main sources of nutrition
information used were television advertising and programs,
magazine articles, books, and the Internet; this study reportson
respondents’ use of the Internet. We compared respondents who
used the Internet as the main source of nutrition and dietary
information with those who did not mention using the Internet.
The secondary aim of the study was to explore the association
between use of the Internet as a source of nutrition and dietary
information and the respondents perception of what would
make it easier for them to eat a healthy diet to assist with the
development of population-wide nutrition interventions. To
answer the secondary aim, respondents were asked “Which of
the following would make it easier for you or your family to
eat a healthy diet?” with the following options: (1) knowing
more ways of preparing healthy foods, (2) knowing quicker
ways of preparing healthy foods, (3) having more information
to help me decide if foods are healthy, and (4) knowing more
about cooking (all answered “yes’ or “no”). The response
optionsfor making it easier to eat ahealthy diet wereidentified
during the development stages for the NMSS tool in which
open-ended questionswere used and typical responsesidentified.
Participants sociodemographic information (gender, age,
education, area of residence, household income, employment
status, country of birth, area of residence, height, and weight)
was also collected.

Statistical Analysis

The data were collected to be representative of the Western
Australian population. Data for all the years were pooled and
weighted to account for sampling design and adjusted for age,
sex, and geographic areato asingle standard popul ation to allow
for comparisons over time. The standard population used was
the 2011 estimated resident population of Western Australia
[31] because it was the most recent census year.

The descriptive statistics report the prevalence and 95%
confidence interval (95% CI) of using the Internet to obtain
nutrition and dietary information by survey year, gender, and
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age. Binary logistic regression was used to assess the association
between respondents using the Internet as a source of nutrition
and dietary information and sociodemographic characteristics.
The covariates in the full model included survey year as a
measure of time, gender, age, education, household income,
employment status, country of birth, area of residence
(metropolitan vs nonmetropolitan), body mass index (BMI)
categories, and Socioeconomic Indexes for Areas (SEIFA)
quintile [32]. Variables with P value <.05 were retained in the
final model and reported. Data from surveys administered in
2009 and 2012 were compared for Internet use by gender and
age to provide amore recent analysis.

All analyses were performed using Stata 12.0 (StataCorp LP,
College Station, TX, USA) under the survey module and a P
value <.05 was regarded as statistically significant.

Results

Between 1995 and 2012, atotal of 7044 adults participated in
the NMSS. Details of the sample and demographic information
are shown in Table 1.

The main purpose of this study was to assess change in
prevalence and demographic characteristics of Western
Australian adults using the Internet as a source of nutrition and
dietary information. Table 2 shows that there was a significant
increase in the proportion of the population using the Internet
as a source of nutrition and dietary information between 1995
(0.2%, 95% CI 0.0-1.2), 2004 (9.1%, 95% CI 7.3-11.4), and
2012 (33.7%, 95% CI 30.8-36.8, P<.001). Across all surveys,
more females (19.6%, 95% Cl 17.9-21.5) used the Internet than
males (14.2%, 95% Cl 12.5-16.1, P=.005) and no significant
difference wasfound by age. Thetop 5 main sources of nutrition
information in 2012 were the Internet (33.7%, 95% ClI
30.8-36.8), television programs (23.7%, 95% Cl 21.2-26.2),
magazine articles (22.5%, 95% CI 20.1-25.0), television
advertising (22.0%, 95% Cl 19.6-24.6), and books (19.0%, 95%
Cl 16.7-21.5).
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Table 1. Sample demographics of the Nutrition Monitoring Survey Series, Western Australia, 1995-2012.

Demographic characteristics Survey year, n Total, %2 N=7044
1995 1998 2001 2004 2009 2012
n=1002 n=1004 n=1004 n=1202 n=1284 n=1548
Sex
Female 631 502 502 601 830 1005 49.18
Male 371 502 502 601 454 543 50.82

Agegroup (years)

18-24 119 110 118 103 71 66 15.80
25-34 257 210 245 232 180 144 23.01
35-44 291 305 296 333 340 377 2241
45-54 207 234 212 297 356 466 21.33
55-64 128 145 133 237 337 495 17.45

Area of residence

Metropolitan 748 751 75 601 965 1011 78.33
Remote areas 51 63 62 150 29 82 4.80
Rural areas 203 190 18 451 290 455 16.87
Education
Less than high school 376 336 303 330 221 211 19.67
High school 251 237 265 257 178 198 21.98
Trade/certificate/diploma 90 95 7 177 481 632 25.47
University degree 284 336 344 435 399 504 33.58
Missing 1 0 1 3 5 3 0.30
Household income (AUS $)
<$60,000 748 603 558 603 349 346 37.47
>$60,000 174 305 340 560 814 1024 51.40
Missing 80 96 106 39 121 178 11.13

Employment status

Currently not in paid employment 330 263 278 285 364 408 26.82
Currently in paid employment 669 741 726 917 920 1139 73.14
Missing 3 0 0 0 0 1 0.04

Country of birth

Australia 656 665 668 868 867 1122 68.64
UK/Ireland 189 209 193 155 202 221 15.96
Other countries 157 130 143 179 214 205 16.38
Missing 0 0 0 0 1 0 0.02

& percentages were weighted for probability of sample selection and adjusted by age, sex, and geographic areato the 2011 Estimated Resident Population
of Western Australia.
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Table 2. Prevalence of using the Internet as a source to obtain nutrition and dietary information, the Nutrition Monitoring Survey Series, Western

Australia, 1995-2012.

Variable No, % (95% CI)? Yes, % (95% Cl)2 pP
Survey year <.001
1995 99.83 (98.84, 99.98) 0.17 (0.02, 1.16)
1998 99.43 (98.78, 99.73) 0.57 (0.27, 1.22)
2001 99.84 (98.89, 99.98) 0.16 (0.02, 1.11)
2004 90.86 (88.62, 92.70) 9.14 (7.30, 11.38)
2009 77.09 (73.95, 79.96) 22.91 (20.04, 26.05)
2012 66.27 (63.23, 69.18) 33.73(30.82, 36.77)
Gender <.001
Female 80.36 (78.51, 82.09) 19.64 (17.91, 21.49)
Male 85.80 (83.95, 87.47) 14.20 (12.53, 16.05)
Age group (years) 21

18-24 79.92 (74.69, 84.30)
25-34 83.93 (81.01, 86.47)
35-44 83.22 (81.04, 85.19)
45-54 82.89 (80.51, 85.04)
55-64 85.14 (82.70, 87.29)

Total 83.13 (81.83, 84.35)

20.08 (15.70, 25.31)
16.07 (13.53, 18.99)
16.78 (14.81, 18.96)
17.11 (14.96, 19.49)
14.86 (12.71, 17.30)
16.87 (15.65, 18.17)

@ percentages were weighted for probability of sample selection and adjusted by age, sex, and geographic areato the 2011 Estimated Resident Population

of Western Australia.

bp values were derived from survey design—based Pearson chi-square test.

Thelogistic regression results showed asharp increasein using
the Internet for obtaining nutrition and dietary information from
2004 (Table 3 and Figure 1). After adjustment for the model
covariates, gender showed a differencein the odds of using the
Internet asasource. Femaeswere morelikely to usethe Internet
as anutrition information source than males (OR 1.30, 95% CI
1.05-1.60, P=.02). Respondents living in metropolitan areas
(OR 1.26, 95% CI 1.03-1.54, P=.03); born in countries other
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RenderX

than Australia, United Kingdom, or Ireland (OR 1.41, 95% ClI
1.07-1.85, P=.02); and with more than high school level
education (tertiary educated: OR 2.46, 95% CI 1.77-3.42,
P<.001) were more likely to use the Internet as a source (Table
3). Respondents aged between 35 and 64 years were less likely
to use the Internet as a source compared to those aged between
18 and 24 years (P<.001) (Table 3 and Figure 2).
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Table 3. Factors associated with using the Internet as a source of obtaining nutrition and dietary information, the Nutrition Monitoring Survey Series,

Western Australia, 1995-2012.

Factor OR (95% ClI) pa
Survey year <.001
1995 0.02 (0, 0.12)
1998 0.06 (0.03, 0.13)
2001 0.02 (0.00, 0.11)
2004 1.00
2009 2.84(2.07,3.88)
2012 5.20 (3.86, 7.02)
Gender .02
Mae 1.00
Female 1.30 (1.05, 1.60)
Age group (years) <.001
18-24 1.00
25-34 0.78 (0.51, 1.20)
35-44 0.64 (0.43, 0.95)
45-54 0.51 (0.34, 0.76)
55-64 0.38(0.25, 0.57)
Education attainment <.001
Less than high school 1.00
High school 1.16 (0.76, 1.76)
TAFE/trade/diploma 1.80 (1.29, 2.52)
Tertiary 2.46 (1.77, 3.42)
Country of birth .02
Australia/UK/Ireland 1.00
Other countries 1.41(1.07,1.85)
Residential area .03
Nonmetropolitan 1.00
Metropolitan 1.26 (1.03, 1.54)

@ Results were derived from a binary logistic regression under survey module. P values were derived from Wald test.

The secondary aim of this study was to explore the association
between use of the Internet as a source of nutrition and dietary
information and the respondents perception of what would
make it easier for them to eat a healthy diet to assist with the
development of population-wide nutrition interventions. A high
proportion of al respondents agreed that the following
information would make it easier for them to eat a healthier
diet: knowing more ways of preparing healthy foods (71.99%,
95% Cl 70.67-73.27), knowing quicker ways of preparing
healthy foods (78.96%, 95% CI 77.80-80.08), moreinformation
to help decide if foods are hedthy (68.80%, 95% CI
67.49-70.07), and knowing more about cooking (54.68%, 95%
Cl 53.25-56.11). Table 4 shows that when compared to
respondents who did not use the Internet to obtain nutrition and
dietary information, a dtatistically significantly greater

http://www.jmir.org/2015/8/e209/

proportion of peoplewho used the I nternet agreed that knowing
quicker ways of preparing healthy foods (83.03% vs 78.14%,
P=.005) and having more information to help decide if foods
are healthy (76.28% vs 67.27%, P<.001) would make it easier
for them to eat a healthier diet.

When comparing survey results for 2009 and 2012, Table 5
shows that a significantly higher percentage of females aged
between 25 and 54 years used the Internet as a source of
nutrition and dietary information in 2012 with the highest users
being females aged between 25 and 34 years (58.8%, 95% Cl
46.4-70.1, P<.001). There were aso higher numbers of males
aged between 35 and 44 years using the Internet as a source of
nutrition and dietary information in 2012 compared to 2009
(36.6%, 95% Cl 27.1-47.2 vs 17.0%, 95% Cl 10.8-25.8,
P=.002).
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Table 4. Association between using the Internet as a source to obtain nutrition and dietary information and perception of whether it would be easier

for respondents to eat healthy diet.

Would make easier to eat healthy diet

Participants, % (95% CI)?

Not using Internet

Using Internet

pb

Total, % (95% Cl)?

Knowing more ways of preparing healthy foods
(n=7007)

No
Yes

Knowing quicker ways of preparing healthy foods
(n=7019)

No
Yes
Moreinformation on healthy foods (n=6996)
No
Yes
If I knew more about cooking (n=7011)
No

Yes

28.65 (27.29, 30.05)
71.35 (69.95, 72.71)

21.86 (20.65, 23.12)
78.14 (76.88, 79.35)

32.73(31.35, 34.15)
67.27 (65.85, 68.65)

45.69 (44.19, 47.20)
54.31 (52.80, 55.81)

24,88 (21.45, 28.65)
75.12 (71.35, 78.55)

16.97 (14.27, 20.07)
83.03 (79.93, 85.73)

23.72 (20.58, 27.18)
76.28 (72.82, 79.42)

43.49 (39.42, 47.64)
56.51 (52.36, 60.58)

.06

.005

<.001

.33

28.01(26.73,29.33)
71.99(70.67, 73.27)

21.04 (19.92, 22.20)
78.96 (77.80, 80.08)

31.20(29.93, 32.51)
68.80 (67.49, 70.07)

45.32 (43.89, 46.75)
54.68 (53.25, 56.11)

@ percentages were weighted for probability of sample selection and adjusted by age, sex, and geographic areato the 2011 Estimated Resident Population

of Western Australia.

bp values were derived from survey design—based Pearson chi-square test.

Table5. Prevalence of using Internet asasource obtaining nutrition and dietary information, the Nutrition Monitoring Survey Series, Western Australia,

2009 and 2012.
Agerange 2009 Yes, % (95% CI)2 P 2012 Yes, % (95% CI)2 P
Female Male Female Male

18-24 years 31.58 (18.15, 49.01) 34.56 (19.05,54.23) .81 56.81 (38.09, 73.77) 25.80 (13.59, 43.45) .01
25-34 years 28.40 (20.12,38.44)  32.83(21.07,47.22) .59 58.77 (46.40, 70.13) 32.67(20.73,47.38)  .005
35-44 years 24.19 (18.99, 30.27) 16.98 (10.76, 25.76) .13 39.66 (33.37, 46.31) 36.57 (27.08, 47.24) .62
45-54 years 16.91(12.42,22.62)  18.21(11.58,27.45) .79 33.19 (27.41, 39.52) 27.11(20.14,3543) .22
55-64 years 13.48 (9.14, 19.45) 18.21 (11.64,27.34) 0.32 23.39 (1858, 29.01) 22.39(16.44,29.72) .82

& percentages were weighted for probability of sample selection and adjusted by age, sex, and geographic areato the 2011 Estimated Resident Population
of Western Australia.
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Figure 1. Proportion of participants using the Internet as a source of obtaining nutrition and dietary information over the survey period, the Nutrition
Monitoring Survey Series, Western Australia, 1995-2012 (derived after the logistic regression).
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Figure 2. Proportion of respondents using the Internet as a source of nutrition and dietary information over the survey period by gender and age, the
Nutrition Monitoring Survey Series, Western Australia, 1995-2012 (derived after logistic regression).
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Discussion

Prevalence and Char acteristics

This study is unique because it examines characteristics of
Australian adults' use of the Internet for nutrition and dietary
information and changes in usage over 2 decades. The study
found dramatic growth in use of the Internet as a main source
of nutrition and dietary information from 9.1% in 2004 to 33.7%
in 2012 when it became the most popular main source of
nutrition information. Thisis consistent with overall growthin
Internet use in Australian homes, which increased from 3.4%
in 1996 to 56% in 2004 and to 83% in 2012 [1,2,33]. However,
only one-third of the Western Australian population reported
using the Internet asasource of nutrition and dietary information
in 2012, which was a smaller proportion than expected. A
similar study in Canadafound that 51% of the adult population
reported using the Internet for nutrition informationin 2008 [6].
The proportion of US adults using the Internet to source diet,
weight, and physical activity information was 42.8% in 2011
[7]. The Pew Internet & American Life project found that 49%
of Internet users had searched for information about diet and
nutrition in 2006 [4] (which is equivalent to 34% of the US
population [34]). Thereislimited Australian population research
regarding sources of nutrition and dietary information. A 1999
South Australian study of 603 adults did not reveal the Internet
as a commonly used source of nutrition information [35];
however, a Queensland convenience sample of 94 adults in
2013 reported that the Internet (63%) was the most utilized
source of nutrition information [36]. These findings may reflect
cultural differences in requirements for nutrition information.
Further research isrecommended to understand the implications
of thedifferencesin use of the Internet asaresourcefor nutrition
and dietary information.

Comparison of the most recent data available from Australia,
the United States, and Canada shows that a similar proportion
of the adult population use the Internet overal. In Australia,
83% of adults used the Internet at home in 2012 [2], 81% of
US adults used the Internet in 2012 [34], and 83% of Canadian
adults used the Internet at homein 2012 [37]. In addition, most
Western Australian households reported using the Internet every
day (85%) and using a high-speed broadband connection (79%)
[2]. A similar proportion of US households accessed the I nternet
at home using broadband (70%) [38,39] and almost al Canadian
Internet users (97%) connected viahigh-speed broadband [37].
Recent statistics show 80% of US adult Internet users [3] and
70% of Canadian adult Internet users [40] searched for health
information online. Improvementsin search engine technology
have been a key factor in increased online health information
seeking over the past decade [41]. Given the rapid increase in
use of the Internet in recent yearsin this study, it is important
that governments continue to monitor the prevalence of
searching for nutrition and dietary information online.

Western Australian adults using the Internet as a source of
nutrition and dietary information were significantly morelikely
to be female; living in a metropolitan area; born in countries
other than Australia, the United Kingdom, and Ireland; more
educated; and younger. This is consistent with other studies
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from the United States, Switzerland, and Canada, which found
that adults using the Internet as a source of dietary information
aremorelikely to befemale[7,35], more educated [6,7,35], and
younger [6,7,35]. Canadian adultswho earned a higher income
were more likely to use the Internet for nutrition information
[6]; however, in this study, household income was hot associated
with using the Internet for this purpose. Further, online seekers
of general health information from the United States, France,
and Germany were more likely to be of higher social class
[36,42], women [42,43], and more educated [43]. Our findings
reinforce theimportance of sociodemographic differenceswhen
targeting and developing nutrition interventions, particularly
gender and education. Reasons for these differences and
implications for engagement need further exploration.

Weight status was not associated with using the Internet for
nutrition and dietary informationin thisstudy. Thisissurprising
because the Internet has been identified as an important source
of information and support for individuals with stigmatized
health conditions [44,45], including obesity [46]. American
adults using the Internet to help with diet, weight, and physical
activity weremorelikely to have ahigher BMI [7] and Canadian
adults using the Internet for nutrition information were more
likely to have tried a popular diet in the past year [6]. Obese
adults from Australia report using the Internet to search for
information to assess their likelihood of developing a serious
disease as a result of their obesity and ways to minimize the
health risks, including healthy recipes and ideas to increase
physical activity [45]. Use of the Internet asasource of nutrition
and dietary information by obese adults remains an important
area to monitor in Australia to provide input to future public
health interventions.

Internet-Based I nformation That Would M ake it
Easier to Eat Healthily

Western Australians who used the Internet as a source of
nutrition and dietary information were more likely than nonusers
to agree that quicker ways of preparing healthy foods and help
deciding if foods are healthy would help them to eat more
healthily. The majority of al respondents also agreed that
information about preparing healthy foods and cooking would
assist. These findings are consistent with identified barriers to
healthy eating. Barriers typically include time pressures, the
desire for convenience, and lack of motivation to cook, rather
than a lack of skills or knowledge [47]. The US Food Hero
social media nutrition intervention, which focused on the
importance of serving healthy meals, aimed to provide healthy
recipes that overcame time and cost barriers [48]. The US
Supplemental Nutrition Assistance Program (SNAP) participants
reported that the activities that would motivate them to continue
to usean Internet resource for food and nutrition included recipe
or product ratings, blogs, and discussion boards [49].

Recent Survey Results

Datafrom the 2009 and 2012 surveyswere examined to explore
recent changes in prevalence and the demographic profile of
Internet usersto guide current nutrition program devel opment.
Results showed that more than half of females aged between
18 and 34 years used the Internet as a source of nutrition and
dietary information in 2012. The percentage of female users
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aged between 25 and 34 years doubled between 2009 and 2012
as did the percentage of male users aged between 35 and 44
years (to 37%). These results suggest that the Internet is
increasing in importance for males and females. The opposite
trend was seen for males aged between 18 and 24 years. One
possibility is that younger males, typically the early adopters
of newer technologies, are using other sources of information
(eg, smartphone apps) and this should be investigated in further
research. The demographic characteristics of US Internet users
were a so found to change significantly between 2007 and 2011

(71

Therecent increasein use of the Internet for nutrition and dietary
information by younger femal es aged between 18 and 34 years
and males aged between 35 and 44 years shows the dynamic
nature of the resource. Although the overall proportion of
Western Australians using the Internet as a source wasrel atively
lower than results of similar studies, there are subgroups
emerging that rely on the Internet more heavily. Changesin the
demographic characteristics of users over time is an important
area to continue to monitor.

Quiality of Information

The NMSS is a government survey that contributes evidence
of prevalence of use and demographic information to Western
Australian policy and programs. It is critical that high-quality
information is used to guide population dietary decision making.
The size and scale of the Internet raises concerns about the
credibility and reliability of the nutrition and dietary information
available [8]. Most people use genera search engines to find
health information online [43] that present search results based
on a page ranking system that is open to manipulation through
website design [41]. Analysis of selected Canadian websites
commonly used for nutrition information found that commercial
websites typically contained some poor and misleading advice
[50]. The Internet information most likely to be viewed for
weight loss and wei ght management was also found to contain
inaccurate information [41]. More accurate information was
provided by medical, government, and university websites;
however, they appeared in the second and third pages of the
website searches so were less likely to be viewed [41]. Some
research suggests that Internet users do not discriminate much
in terms of quality of information for nutrition information
[4,6,50,51]. A large proportion of online health seekers do not
consistently check the source and date of the health information
they find online[4] and use commercia websitesto seek health
and nutrition information [50]. Lessthan half of Canadiansrated
the Internet as a source of nutrition information that was very
or extremely credible[6]. Recognition of health brandsthat are
trusted in the non-Internet worl d have been shown to assist with
identifying which Internet information to trust [51]. Health
organizations need to ensure quality nutrition and dietary
information is widely available and accessible on the Internet,
which could include introducing certification of websites that
provide trustworthy information.

Use of the Internet for Population-Wide Nutrition

I nterventions

Use of the Internet as a source of nutrition and dietary
information has shown recent rapid uptake by Western
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Australian adults making it appealing for dissemination of public
health interventions. Internet-based nutrition and dietary
interventions should incorporate good practice characteristics
[52] including identifying and understanding the target audience
[29] and then customizing and tailoring communications to
meet their needs [53]. For Internet-based interventions to be
effective, they need to address issues including levels of
participation and adherence [22], and fully utilize theinteractive
nature of Web 2.0 social media platforms [23]. Organizations
that choose to engage in social media should maintain content
and participate regularly [29], monitor poor quality health
information, and provide the credible alternative [23], which
can be time consuming to manage [54]. The increasing use of
the Internet by health organizations for population-wide health
interventions highlights the need for guidelines for effective
communication strategies, such asthetoolkitsfrom the Centers
for Disease Control and Prevention in the United States [28].

In this study, the majority of the population did not report that
they used the Internet as a main source of nutrition and dietary
information. It isimportant for popul ation-wide education, such
asnutrition interventions, to beinclusive and reach the majority
of the population, in this case, reaching adults that report using
sources other than the Internet. Australian adults living in
regional areas, older than 65 years, living alone, or with low
household income are less likely to use the Internet in general
[55]. Use of multiple channels as appropriateto the intervention
and target population is advised [56]. Messages are reinforced
when communi cated across anumber of channels; for instance,
integrating traditional public health intervention tactics with
social media[53].

Another important consideration for Internet-based nutrition
and dietary interventionsistheleve of literacy required. Almost
half of Australians aged between 15 and 74 years have literacy
skills below the level deemed suitable to meet societal demands,
including using the Internet [57]. For Internet-based
interventions to be inclusive, they should be designed to meet
the needs of those with limited literacy [23] by introducing
non-text-based socia media, including use of images,
illustrations, video, and sound [58]. Use of traditional health
intervention tactics to engage with groups identified as hard to
reach via the Internet can remain effective. For example, an
Australian  telephone-based  nutrition intervention has
successfully recruited participants from more disadvantaged
and regional areas [59,60]. The intervention recently
incorporated an interactive website to assist with recruiting new
participants and engaging existing participants [61].

Limitations

There are strengths and limitations to the current study. The
results can be generalized to Western Australia due to the high
response rate and representative sample selection. Devel opment
of survey question terminology including “the Internet” was
completed in 1995. Dueto the recent rapid uptake of the Internet
and other developments, including Web 2.0 social media
platforms and smartphone technology, terminology may need
to be updated in future surveys to reflect commonly used
language to ensure usage is captured fully. Use of the Internet
to source nutrition and dietary information has been reported
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for the Western Australian adult population, not of Western
Australian Internet users. In future, collecting data on use of
the Internet, device used, and other relevant technology may
help to provide context to use of the Internet to source health
and nutrition information. Frequency of use of the Internet to
source nutrition and dietary information, the websitesthat were
used, and quality of information sourced were not measured
and more information is urgently needed in this area. The study
does not specifically investigate the information sources used
depending on theinformation required; for example, information
sources for how to feed a toddler a healthy diet may differ to
seeking advice on losing weight or healthy recipe ideas for
family eating. The cross-sectional survey results are
self-reported and are not validated against objective measures;
however, it provides useful evidence to measure public attitudes.
Height and weight measures are self-reported; however, the use
of a correction formula attempted to account for possible
underestimation of weight status. Thisisapopul ation study but
there may be differences between Western Australia and other
Australian states and territories; for example, more Western
Australian househol ds are connected to broadband Internet using
mobile broadband (41% vs national average of 33%) [2], which
could lead to differencesin use of the Internet for nutrition and
dietary information. Further research is needed to explore
population use of the Internet for nutrition and dietary
information and how to deliver public health interventions
effectively.

Conclusions

This study found that there had been dramatic growth in using
the Internet as a source of nutrition and dietary information
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since 2004; however, the majority of the adult population still
obtain their information from other sources. Relatively fewer
Western Australians used the Internet for this purpose when
compared with other Western countries, but their demographic
characteristics were broadly consistent. This study found that
increased weight was not associated with use of the Internet as
a source, which was surprising because the Internet has been
identified as an important resource for individuals with
stigmatized health conditions, including obesity. Given therapid
increase in use of the Internet in recent years, it is likely that
prevalence of using the Internet to source nutrition and dietary
information will continue to change. Changesin the prevalence
and characteristics of users over time are important areas to
continue to monitor to inform future development of nutrition
interventions.

The Internet provides a cost-effective platform to reach the
identified users with nutrition and dietary interventions, but
should be integrated with traditional health promotion tactics
to reach the broader population. Policy makersand practitioners
delivering Internet-based nutrition interventions should ensure
they identify and understand the target population, and
customize and tailor communications to meet their needs. Use
of non—text-based social media, including images, illustrations,
video, and sound, should beincluded to meet the needs of those
with limited literacy. Provision of credible, reliable, and practical
information isrecommended, including quicker waysto prepare
healthy foods and how to choose healthy foods. It is aso
important for policy makers to improve provision of quality
nutrition and dietary information on the Internet generaly,
which could include certification of websites that provide
trustworthy information.
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Abstract

Background: The prevalence and value of patient-generated health text are increasing, but processing such text remains
problematic. Although existing biomedical natural language processing (NL P) tools are appealing, most were devel oped to process
clinician- or researcher-generated text, such as clinical notes or journa articles. In addition to being constructed for different
types of text, other challenges of using existing NLP include constantly changing technologies, source vocabularies, and
characteristics of text. These continuously evolving challenges warrant the need for applying low-cost systematic assessment.
However, the primarily accepted evaluation method in NLP, manual annotation, requires tremendous effort and time.

Objective: The primary objective of this study is to explore an alternative approach—using low-cost, automated methods to
detect failures (eg, incorrect boundaries, missed terms, mismapped concepts) when processing patient-generated text with existing
biomedical NLP tools. Wefirst characterize common failures that NL P tools can make in processing online community text. We
then demonstrate the feasibility of our automated approach in detecting these common failures using one of the most popular
biomedical NLP tools, MetaMap.

Methods: Using 9657 posts from an online cancer community, we explored our automated failure detection approach in two
steps: (1) to characterize the failure types, we first manually reviewed MetaMap’s commonly occurring failures, grouped the
inaccurate mappings into failure types, and then identified causes of the failures through iterative rounds of manual review using
open coding, and (2) to automatically detect these failure types, we then explored combinations of existing NLP techniques and
dictionary-based matching for each failure cause. Finally, we manually evaluated the automatically detected failures.

Results: From our manual review, we characterized three types of failure: (1) boundary failures, (2) missed term failures, and
(3) word ambiguity failures. Within these three failure types, we discovered 12 causes of inaccurate mappings of concepts. We
used automated methods to detect almost half of 383,572 MetaMap’s mappings as problematic. Word sense ambiguity failure
was the most widely occurring, comprising 82.22% of failures. Boundary failure was the second most frequent, amounting to
15.90% of failures, while missed term failures were the least common, making up 1.88% of failures. The automated failure
detection achieved precision, recall, accuracy, and F1 score of 83.00%, 92.57%, 88.17%, and 87.52%, respectively.

Conclusions: Weillustrate the challenges of processing patient-generated online health community text and characterizefailures
of NLP tools on this patient-generated health text, demonstrating the feasibility of our low-cost approach to automatically detect
those failures. Our approach showsthe potential for scalable and effective solutionsto automatically assessthe constantly evolving
NL P tools and source vocabularies to process patient-generated text.
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Introduction

The Internet pervades our everyday life, including health care
[1]. For instance, patientsincreasingly usethe Internet for health
information and peer support. In 2005, 80% of Internet users
searched for health information online [2]. Just 6 years later, a
quarter of Internet users living with a chronic condition sought
information online from a peer with a similar condition [3].
Similarly, applications that make use of data generated by
patients are increasing [4]. For example, micro-blogging (eg,
Twitter) has been used to improve natura disaster and
emergency response situations [5], and patient-generated data
on the PatientsLikeMe website has been used to evaluate the
effectiveness of adrug [6]. Moreover, patients have voiced great
potential benefits of such patient-generated data with respect
to their treatment decisions, symptom management, clinical
management, and outcomes [7,8]. However, in these instances,
the use of patient-generated data required manual analysis of
textual data. Although these methods provide value, manual
analysis does not scale to the growing size of patient-generated
health data online. Moreover, for many research activities, the
overwhelming amount of data remains a challenge.

One scalable approach to process text-based patient-generated
data is natural language processing (NLP). An increasing
number of researchers studying patient-generated text, such as
in online health communities, have used statistical methods
based on manually annotated datasets[9-15]. Utilizing statistical
methods, researchers extracted cancer patient trajectories from
patients posts [9], estimated the level of socia support in an
online breast cancer community [10], predicted adverse drug
reactions from health and wellness Yahoo! Groups [11],
identified medically relevant terms [12], classified addiction
phases [13], predicted individual at risks for depression [14],
and discovered patient posts in need of expertise from
moderators [15]. These methods can be highly effective in a
given online community, but they either require tremendous
upfront effort to manually annotate or do not provide semantic
connections. Furthermore, maintenance and generalizability
remain as major challenges for such statistical methods.

Existing biomedical NLP tools have the potential to be used
immediately and promise to provide greater generalizability
than statistical approaches while providing semantic
connections. Researchers have developed various NLP
techniques and applications in the biomedical domain. For
example, the Clinical Text Analysisand Knowledge Extraction
System (cTakes) [16] was devel oped to map conceptsto medical
ontologiesfrom clinical notes. cTakesis specifically trained for
clinical domains and consists of NLP components that can be
executed in sequence. Also, the National Center for Biomedical
Ontology [17,18] annotator identifies a term and maps it to
ontological concepts from multiple knowledge resources to
allow the use of integrated knowledge. Other applications have
been developed primarily for specific uses, such as Medical
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Language Extraction and Encoding System (MedLEE) [19],
whose goal pertains to identifying specified conditions in
radiology reports. However, MedLEE was later adapted as a
decision support system for Columbia-Presbyterian Medical
Center [20] and as a phenotypic information extractor
(BioMedLEE) [21] from biomedical literature.

One of the most widely regarded NLP applications in
biomedicine is MetaMap [22], which was developed by the
National Library of Medicine (NLM). MetaMap uses
computational linguistic techniquesto identify words or phrases
intext and map them to conceptsinthe NLM’sUnified Medical
Language System (UMLS). The UML Sisacollaborative effort
to enable semantic interoperability among systems by connecting
more than 1.3 million concepts from more than 100 biomedical
vocabularies [23,24]. Three knowledge sources enable
applicationsto utilizethe UMLS: (1) the Metathesaurus, which
connects synonymous concepts across vocabularies, (2) the
Semantic Network, which isahierarchical network of semantic
typesthat arelinked to every concept in the Metathesaurus, and
(3) the SPECIALIST Lexicon, which provides the lexica
information needed for NLP tools. Thus, MetaMap provides a
semantic link between the words or phrases in text and a
structured vocabulary that is used by many applications in
biomedicine.

However, MetaM ap and many other traditional biomedical NLP
tools were developed to process biomedica literature and
clinical notes, rather than patient-generated text in online
communities. One of the biggest challenges in applying these
biomedical NLPtoolsto adifferent type of text isthe difference
in vocabulary. For example, Zeng et al recognize differences
in the vocabulary used by patients and clinicians [25]. Smith
and Wicks manually evaluated patient-generated text from
PatientsLikeMe and found that over 50% of patient-submitted
symptoms did not map to the UMLS due to issues like
misspellings and slang [26]. Although Keselman et a [27]
reported fewer cases of unmapped terms from patient-generated
online community posts than Smith and Wicks [26], the
researchers recognize this remaining challenge as a significant
problem.

Recognizing the differencesin vocabulary, a number of efforts
to expand the UMLS to include patient-generated text have
been reported [25,27-31]. One of the biggest efforts is the
open-access Collaborative Consumer Health Vocabulary
Initiative (CHV) [25,27,31]. CHV is a collaborative effort to
addressdifferencesin terminology by including layman-friendly
terminology that is familiar to patients [25]. Although the
terminology difference could theoretically be addressed by
expanded vocabularies, it is questionable whether CHV can
fully address other issues of patient-generated text, such as
misspellings, community nomenclature, and | nternet-oriented
writing styles. To address this issue, Elhadad et al applied an
unsupervised, semantics-based methods to detect community
nomenclatureincluding typical misspellings[32]. Although the
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method is domain-independent, it accounts for only three
semantic types.

The effort to process patient-generated text, such as email
[29,30] and search queries[27,28], using biomedical NLPtools
has also been reported. For example, Brennan and Aronson
processed patient-authored emails using MetaM ap and showed
the potential of processing this patient-generated, informal text
to identify UMLS concepts [29]. However, Brennan and
Aronson identified only threetypesof errors: (1) overly granular
parsing of phrasesinto separate terms (eg, splitting of the phrase
“feeling nauseous’), (2) inappropriate mappingsthat are simply
nonsensical or incorrect for the context (eg, averb “back” being
mapped to “ body location or region back™), and (3) mismatches
resulting from terms and semantic types having more than one
meaning (eg, confusion between “spatial concept right” and
“qualitative concept right) [29]. Zeng et al have mapped the
UMLS concepts to patients' Internet search queries [28], and
the study highlighted the difference between terminology
structures in UMLS and mental model of patients.

These prior studies show that many have worked to improve
biomedical NLPtoolsto process patient-generated text. ASNLP
technologies and source vocabularies continue to evolve, we
need easy, low-cost methods to systematically assess the
performance of those tools. Traditionally in NLP, evaluations
involve a great deal of manual effort, such as creating a
manually annotated dataset. Moreover, a new evaluation for
different types of text requires additional annotated datasets,
thus maintenance can often be difficult. Recognizing the
potential benefits of performing alow-cost assessment of NLP
tools, we explore automated methods to detect failures without
producing annotated datasets. Given MetaMap's long history
of use in biomedical contexts, its configurability, and its
scalability, we apply our failure detection tool to MetaMap in
processing patient-generated text from an online cancer
community to demonstrate the feasibility of automatically
detecting occurrence of failures. We first present the dataset
and MetaMap configuration, followed by the specific methods
and results for (1) characterizing failure types, (2) automated
failure detection, and (3) manual performance evaluation of our
automated failure detection approach.

Methods

Online Community Dataset and M etaM ap
Configuration

Our dataset consists of community posts from the
CancerConnect website, an online cancer community for cancer
patients, their families, friends, and caregivers to exchange
support and advice. The dataset consists of a total of 2010
unique user members and 9657 user member—generated posts
from March 2010 to January 2013.

We processed the online community posts with MetaMap
version 2011AA and configured the word sense disambiguation
feature and included only the top-ranked concept from the
output. In the default setting, MetaMap suggests a number of
candidate conceptswith candidate scoresindicating relationships
among conceptsfound in the text. However, in real-world usage
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on large amounts of text, considering multiple suggestions for
each processed term coul d be overwhel ming to assess manually.
Thus, we assessed only the top-ranked scored concept to
simulate how MetaMap would be used in real-world settings.
However, we used default settings for all other options for
generalizability. A single mapped term/concept served as the
unit of analysis.

Methodsfor Characterizing Failures

To characterize the types of failures, we assessed MetaMap’s
output collaboratively through iterative rounds of manual review
among the five authors. We reviewed the output following an
open coding process[33] to identify emerging themes grounded
in data. Because we did not know all possible failure types, we
chose to use an inductive coding process, rather than a
structured, reductive content analysisapproach. In each iteration,
we processed different patient-generated posts, and each author
independently and manually eval uated the same sets of mapped
terms by examining the corresponding UMLS concept
definitions and semantic types. Then as a group, we reached a
consensus through discussion when different verdicts were
made. Based on the list of inaccurate mappings, we grouped
each inaccurate mapping into failure types and went on to
identify potential causes within each failure type through the
open coding process. This second step addressed the gaps in
previous literature by identifying a number of causes of the
failure types and providing information needed to detect these
failures automatically.

Resultsfor Characterizing Failures

Overview

From our manual review, we characterized threetypesof failure:
(1) boundary failures, (2) missed term failures, and (3) word
ambiguity failures. A boundary failure occurred when asingle
coherent term was incorrectly parsed into multiple incomplete
terms. A missed term failure occurred when arelevant term had
not been identified. A word sense ambiguity failure occurred
when arelevant term was mapped to a wrong concept. Within
these three failure types, we discovered 12 causes of failures.
In the sections bel ow, we describe each type of failure and then
identify potential causes within each failure type.

Boundary Failures

Boundary failures, in which asingle coherent termisincorrectly
parsed into multiple terms, are well documented in biomedical
NLPliterature[26,29,34-36]. In thisliterature, boundary failures
arereferred to as overly granular parsing [29] or split phrasing
[34]. Our analysis expands our understanding with boundary
failures associated with patient-generated text.

Our patient-generated text contained extensive descriptive
phrases (eg, “feeling great”) and colloquial language (eg,
“chemo brain”), contrasting with typical biomedical text that
usually contained concepts from standard terminologies.
Theoretically, boundary failures can result from standard
medical terminologies. However, descriptive phrases and
colloquia language highlight the parsing problem of biomedical
NL P because colloquial language and descriptive phrases that
patients usein online health communities cannot all beincluded
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in the UMLS. For instance, UMLS included “feeling sick” as
a synonym of a concept, although a similar descriptive phrase
“feeling great” was not included in the UMLS. Consequently
in our analysis, “feeling sick” was recognized as one concept,
while “feeling great” was parsed into two separate terms
“Emotions’ and “Large’ delivering different interpretations
than intended.

Boundary failures also occurred even when proper concepts
were available in the UMLS. For instance, a colloquia term
“chemo brain” was commonly used to describe the single
concept of cognitive deterioration of cancer patients after
chemotherapy. In our analysis, the term was recognized as two
UML S concepts—* chemotherapy” and “ brain-body part”—even
though UMLS contained a concept for “chemo brain”. From
our experience, we inferred that the lack of colloquial language
and descriptive phrases concepts in the UMLS as well as
standard medical terminologies parser were causing boundary
failure when processing patient-generated text.

Missed Term Failures

Overview

Missed term failures occurred when a relevant term was not
identified [26,34]. We extended the literature by identifying
two causes of missed term failures associated with
patient-generated text: (1) community-specific nomenclature
and (2) misspellings.

Community-Specific Nomenclature

Community-specific nomenclature refers to members of a
community using terms that either are commonly used in a
different way elsewhere or not commonly used at all. In online
communities, membersfrequently create their own nomenclature
that, over time, can become vernacular that is well understood
inthe community [37]. Community nhomenclature poses unique
challenges and opportunities for NLP.

In particular, community nomenclature regularly referred to
relevant health-related content but resulted in three major
challenges. First, many of the community-specific terms were
not found inthe UMLS. For instance, “PC” referred to “ Prostate
Cancer”; however, this acronym was not contained in UMLS.
Second, community nomenclature was typically context and
community-specific. For instance, the acronym “BC” was used
for “before cancer”, “blood count”, or “ breast cancer” depending
on the context. This type of ambiguous usage was also seen
with commonly accepted abbreviations. For instance, “rad” was
a common abbreviation for “radiation therapy” in the cancer
community, but “rad” could also be used for “ radiation absorbed
dose’, “reactive airway disease”, “reactive attachment disorder”,
or “RRAD gene” depending on the community. Third, novel
abbreviations and acronyms constantly showed up in our data,
similar to what researchers of online communities found [37].
For instance, our dataset included newly emerged acronyms
that werenotincludedintheUMLS, suchas“LLS’ and“PALS’
for “Leukemia and Lymphoma Society” and “Patient Advice
and Liaison Service”, respectively.
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Misspellings

Previous research showed that patients made more medically
related misspellings at a significantly higher rate compared to
clinicians [25]. Misspellings in our dataset included
typographical errors (eg, “ docotor”), phonetic errorsthat could
be associated with lack of familiarity with medical terms (eg,
“byopsi” and “methastasis’), and colloquia language errors
(eg, “hooooooot flash”). Biomedical NLP techniques were
typically developed using the correct spelling in training models,
thus relevant but misspelled terms were often unrecognized.
These unrecognized terms comprised a type of missed exact
match [34] that consequently become false negatives—terms
that should have been recognized but were missed. Although
previous research in health information query investigated
methods to address misspellings of patient-generated medical
terms [38,39], those methods had limitations because they
required correctly spelled medical terms in the database and
manual selection of terms among recommended terms.

Word Sense Ambiguity Failures

The most prevalent failure was word sense ambiguity, which
occurred when aterm was mapped to the wrong concept because
the two concepts are spelled the same way, share the same
acronym (eg, “apt”, an acronym used for appointment was
mapped to organic chemical
“4-azido-7-phenylpyrazolo-(1,5a)-1,3,5-triazine”), or were
spelled the same as one of their acronyms (eg, a verb “aids’
was mapped to “Acquired Immunodeficiency Syndrome”). This
failure had been identified in previous research [26,29,34-36],
but these studies did not examine the causes of thisfailure. From
our analysis, weidentified nine causes of failure associated with
processing patient-generated text: (1) abbreviations and
contractions, (2) colloguia language, (3) numbers, (4) email
addresses and Uniform Resource Locators (URL)s, (5) Internet
dlang and short message service (SMS) language, (6) names,
(7) the narrative style pronoun “1”, (8) mismapped verbs, and
(9) inconsistent mappings (by word sense disambiguation
feature). In the following sections, we describe each cause of
word sense ambiguity failuresin detail and identify associated
semantic types where applicable.

Abbreviations and Contractions

Frequent use of standard abbreviations and contractions was
common in our online health communities. Online community
members frequently used contractions such as “I'd” or
abbreviations such as “i.e” in their text. Although the use of
these shortened forms was common in informal text, it could
be a source of errors for many NLP tools. For example,
MetaMap maps “1’d” to “Incision and drainage” and mapped
“i.e” to"Internal-External Locusof Control Scale” dueto partial
matches with synonyms. Also, MetaM ap was inconsistent with
some of its correct mappings for abbreviations. For instance,
abbreviations for some US states were mapped correctly (eg,
“AK” and “WA"), whereas others were often missed even
though they were in the UMLS (eg, “CA” and “FL") or were
mismapped (eg, Virginiawas mapped to “Alveolar gasvolume”
when written as“V.A.").
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Colloquial Language

Colloquial language, such as “hi” was prevalent in our dataset
and caused many failures. Although these terms are obviousto
human readers, we found they were often mapped to incorrect
terms in the UMLS. For instance, our previous example “hi”,
rather than being left unmapped, was mapped to “Hawaii”,
“ABCC8gene’, or “AKAP4 gene” because“hi” wasasynonym
for al three concepts. In our analysis, this failure was found
with many semantic types; however, terms mapped to the
semantic type of “Gene or Genome” were particularly
troublesome because of their unusual naming conventions.

Numbers: Dates, Times, and Other NumbersNot I ndicating
Disease Status

Our online community posts often contained numbers that
convey important information, such asapatient’s di sease status
(eg, “stage 3 breast cancer”). Other times, numbers conveyed
morelogistical information, such astime of day and dates, which
were misinterpreted. For instance, in the phrase, “1 got there at
4:12pm”, “12pm” was mapped to “Maxillary left first premolar
mesial prosthesis’ because it was a complete match for one of
its synonymsin the UMLS. Numbers that were used to convey
diagnostic information were crucial for the identity of many
community members, and such information was often included
in an automated signature line (eg, “stage 2 grade 3 triple
negative breast cancer”) at the end of posts. Numbersindicating
dates and times often resulted in false positives, whereas health
status numbers often resulted in a different failure type (ie,
boundary failure caused by splitting aphrase). We saw thistype
of failure across many different semantic types, including
“Amino Acid, Peptide, or Protein’, “Finding”, “Gene or
Genome”, “Intellectual Product”, “Medical Device’,
“Quantitative Concept”, and “Research Activity”.

Email Addressesand URLSs

Online community members frequently mentioned URLs and
email addresses in our dataset. They often pointed to websites
that they found useful and gave out email addresses to start
private conversations. Parts of email addresses and URLswere
incorrectly mapped in our analysis. For instance, “net” at the
end of an email address was often mapped to the “SPINK5
gene” because one of its synonyms was “nets’. Also, “en”, a
language code that referred the English language in URLS,
incorrectly mapped to “NTS5E gene’ because one of its
synonymswas “eN”.

Internet Slang and SM S Language

Internet slang and SM'S language, such as “LOL"” (ie, “laugh
out loud” or “lots of love™) or “XOXQO” (ie, hugs and kisses)
are highly prevalent in online community text but not in typical
biomedical texts. Although these terms should be obvious to
human readers, our analysis showed that Internet dang and SMS
language were often mapped to incorrect biomedical termsin
the UMLS. In particular, Internet dang and SM S language were
often mistaken for gene names, such as the mapping of “LOL”
to the LOX1 gene and “XO" to the XDH gene. To manage the
different variations of concepts, the UMLS included many
synonyms of terms. Varieties of these synonyms overlapped
with commonly used Internet slang and SM Slanguage resulting
in word sense ambiguity failure.
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Names: First, Last, and Community Handles

The use of namesis aso prevalent in online community posts,
particularly when posts address specific individuals. Community
members al so often include their first namesin asignature line
and call out other members by first names or community
handles. In our analysis, common first names were often
mistaken for UMLS concepts, such as “Meg” being mistaken
for “megestrol”, “Rebecca’ for “becatecarin”, “Don” for
“Diazooxonorleucine”, and “ Candy” for “candy dosage form”.
Each individual name was a complete match for one of the
UML S concepts. Weidentified these mismatches across multiple
semantic types, including “Antibiotic”, “Biomedical or Dental
Material”, “Clinical Attribute”, “Diagnostic Procedure’,
“Disease or Syndrome”, “Finding”, “Hormone”, “Injury or

Poisoning”, “Laboratory Procedure’, “Mental Process’,
“Pathologic Function”, “ Pharmacol ogic Substance”, and “ Sign
of Symptom”.

Narrative Style of Pronoun “1”

Patients share awide variety of personal experiencesin narrative
formin online health communities. Thus, the use of the pronoun
“1” is prevaent in community posts but is a source of
misinterpretation. For example, over the course of the study we
discovered that “1” istypically mapped to either “Blood group
antibody I” or “lodides’, which belong to “Amino Acid, Peptide,
or Protein”, “Immunologic Factor”, or “Inorganic Chemical”
semantic types.

Mismapped Verbs

One of the most fundamental components of NLP tools is a
part-of-speech (POS) tagger, which marks up words with their
corresponding POS (eg, verb, noun, preposition) in a phrase,
sentence, or paragraph. POStaggersare commonly used in NLP
and have many different applications, such as phrase parsers.
In our analysis, wediscovered that M etaM ap uses aPOS tagger
caled MedPost SKR (Semantic Knowledge Representation)
[40] to split text into phrases. However, it did not use the
resulting POS information when mapping to the UMLS. Such
POS failures could have been overlooked in previous studies
using biomedical text due to the fact that words like “said” or
“saw” were less prevalent in biomedical literature or even in
clinical notes. For our online community dataset, MetaMap
improperly mapped termswithout discriminating between verbs
and nouns. For instance, simple verbs used in past tense, like
“said” and “saw”, were mapped as the acronym, “SAID” (ie,
Simian Acquired Immunodeficiency Syndrome) and “saw” (ie,
a medical device). Verbs in the present tense were aso
problematic. For instance, “bow” and “snap” were mapped to
“Genu varum” and “Snap brand of resin”, respectively. We
observed this type of failure across different semantic types,
including semantic types where verbs were unexpected, such
as “Antibiotic’, “Biomedical or Dental Materia”, and
“Pharmacol ogic Substance”.

Inconsistent M appings

Two great strengths of the UMLS are its broad coverage of
concepts and its capacity to distinguish among conceptsin fine
detail. This ability to provide the precise meaning of concepts
is valuable for many applications. However, this feature also
became a source for inconsi stent mappings despite similar usage
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of terms in our analysis. For instance, the term “stage” was
mapped to multiple concepts in our dataset. Community
members often used the term “stage” to describe their cancer
status (eg, “ stage 4 ER+ breast cancer” ). Despite the seemingly
similar sentence structures and usage of thetermin the sentence,
our findings showed that MetaMap inconsistently mapped
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“stage” to different UMLS concepts. Six different semantic
typeswereidentified for the UML S concepts mapping to “ stage”
(Table 1). Thisis a known failure of MetaMap [34]; however,
the severity of the failures shows that addressing word sense
disambiguation in patient-generated text may require particul ar
attention.

Table 1. Word sense ambiguity failures: inconsistent mappings of stage by MetaMap.

Sample sentence Mapped term UMLS concept Concept unique identifiers UMLS semantic type
“My father was diagnosed with stage 2b pancreat-  stage 2b Stage 2B C0441769 Classification

ic cancer”

“I'mstage 4 SLL and stage2 CLL” stage Tumor stage C1300072 Clinical attribute

“1 was dx last year at age 46 with Stage 1" Stage 1 Stagelevel 1 C0441766 Intellectual product
“Almost seven years ago | was diagnosed with  Stage breast malignant neoplasm of C2216702 Neoplastic process
stage 1 breast cancer at age 36 ¥%” cancer breast staging

“My friend was just diagnosed with Stage IV stage Stage C1306673 Qualitative concept
cancer”

“My mom was diagnosed 11/07 with stage 1V in-  stage Phase C0205390 Temporal concept

operable EC”

M ethods for Automated Failure Detection

Overview

To explore automated methods for detecting the three types of
failures we identified, we created a tool that applies
combinations of dictionary-based matching [41-43] and NLP
techniques [44-47]. We describe this detailed automatic
detection process in the following sections.

Detecting Boundary Failures

Our tool detected failures caused by incorrectly splitting aphrase
through acomparison of MetaMap’s M edPost SKR parser [40],
a biomedical text parser, and the Stanford Parser [45] (a
general-purpose parser). First, we collected all adjacent terms
that MetaM ap mapped but MedPost SKR had parsed separately.
Second, we used the Stanford Parser to determine whether
adjacently mapped terms were part of the same phrase. If
adjacently mapped terms were part of the same phrase, the
combined term could deliver a more precise meaning, while
individually they often deliver different meanings [29,34]. We
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found this especialy problematic if the combined term was a
valid UMLS concept. For instance, we would collect “chemo
brain” as a boundary failure caused by splitting a phrase.
“Chemo” and “brain” were terms that appeared adjacent to one
another in a sentence, and their combination—"chemo
brain”—was avalid UMLS concept, but MetaMap split it into
two separate terms. However, we a so collected combined terms
that were not in the UMLS because they were also cases of
improperly splitting terms. Furthermore, the missing combined
terms could provide valuable insight to completeness of the
UMLS. For instance, both “double mastectomy” and “chemo
curls’ are important concepts that are frequently used by
patients; however, these concepts are missing from the UMLS
as shown in Table 2. The aforementioned steps to compare
MetaMap’'s MedPost SKR parser with the Stanford Parser can
detect these important but missing terms. In our detection, we
used the shortest possible phrase identified by the Stanford
Parser. The Stanford Parser parsed phrases as structure trees to
indicate grammatical relations. In the structure tree, a shorter
phrase was often part of a longer phrase and delivered more
coherent meanings compared to alonger phrase.
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Table 2. Examples of splitting a phrase failure.
Sample sentence Ideally mapped UMLS First mapped term (UMLS  Second mapped term (UMLS
concept concept name) concept name)
“My mom had unknown primary and it wasaPET scan  PET/CT scan PET (Pet Animal) Scan (Radionuclide Imaging)

that helped them find the primary.”

“1t was removed and | have had stereotactic treatment

Stereotactic Radiation

Stereotactic (Stereotactic) Treatment (Therapeutic As-

aong with 6 rounds of Taxol/Carbo completed in January  Treatment pects)

2012 [sic]

“Had 25 internal rad treatments (along with cisplatin on  Therapeutic Radiology Rad (Radiation Absorbed Treatments (Therapeutic Pro-
day 1 and 25)." [sic] Procedure Dose) cedure)

“1 am Triple Negative BC and there are no follow-up Triple Negative Breast Triple (Triplicate) Negative (Negative)
treatments for us TN's.” Neoplasms

“My doc thinks | will probably end up having adouble  None available Double (Double Value Type) Mastectomy (Mastectomy)
mastectomy”

“1 thought after 9 months my hair would be back but | None available Chemo (Chemotherapy Regi- Curls (Early Endosome)
have grown some type of hair that | am told is‘chemo men)

curls'”

Detecting Missed Term Failures

Overview

We identified two causes of missed term failures associated
with processing patient-generated text. The following sections
describe automatic detection of missed terms, specifically due
to community-specific nomenclature and misspellings.

Community-Specific Nomenclature

Our tool detected missed terms due to abbreviations and
acronyms in four steps. Firgt, it ran MetaMap on the original
text and then counted the total number of mappings. Second, it
extracted common abbreviations and acronyms and their
definitions using asimple rule-based algorithm [46], but where
wemanually verified the extracted terms. Third, it ran MetaMap
again after replacing the extracted abbreviations and acronyms
with their corresponding fully expanded terms. Finally, it
calculated the difference in the total mappings between the
original text and the updated text.

The simple rule-based algorithm by Schwartz and Hearst [46]
has performed well in finding abbreviations and acronyms in
documents[48,49]. We modified the algorithm to reflect typical
writing styles of online community posts. The algorithm by
Schwartz and Hearst uses (1) order of characters, (2) distance
between abbreviations/acronyms and their definitions, and (3)
presence of parentheses to find candidates for
abbreviations/acronyms and their definitions. Our tool first
identified completely capitalized words (with an exception of
the last character due to plurdization) as candidate
abbreviations/acronyms and then applied the algorithm to find
its fully expanded form. Because online community members
adopted community’s abbreviations/acronyms, we saved this
information and applied to other posts written in the same
community even when the definition was not available. For
instance, in the sentence, “ My mother was diagnosed with Stage
3 Esophagea cancer (EC) earlier this year - EC also counts
smoking and alcohol as two major aggravating factors and is
an aggressive cancer”, the poster defined EC once and then
continued to use the acronym in place of esophageal cancer.
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MetaMap could map esophageal cancer but not EC. Our tool
used this algorithm to detect EC and its fully expanded form,
esophageal cancer, then replaced EC with “esophageal cancer”
to ensure the concept could be identified by MetaMap.
Misspellings

Our tool detected the prevalence of missed terms due to
misspelling using three steps. First, it ran MetaMap on the
original text and counted the total number of mappings. Second,
it ran MetaMap again after correcting possible misspellings
using Google's query suggestion service [50]. Finaly, it
calculated the difference in the mappings between the original
text and the corrected text.

Detecting Word Sense Ambiguity Failure

We identified nine causes of word sense ambiguity failure
associated with processing patient-generated text. In the
following sections, we describe how to automatically detect the
word sense ambiguity failures.

Abbreviations and Contractions

To detect word sense ambiguity failures due to abbreviations
and contractions, we used an NLPtool called the Stanford POS
Tagger [44], which assigns POS to terms in text. Our tool
processed the data using the Stanford POS Tagger to count cases
where asingle mapped term was tagged with multiple POS. For
instance, the Stanford POS Tagger would accurately tag “1'd”
with two different POS, that is, the personal pronoun and modal.

Colloquial Language

Detecting word sense ambiguity failure caused by colloquial
language is particularly challenging. We identified many of
thesefailures by narrowing our focusto consider only the“gene
or genome” semantic type because colloquial languagefailures
were frequently mapped to this semantic type. Our tool
automatically detected improperly mapped colloquial language
by using an existing cancer gene dictionary—a list of genes
known to be associated with cancer [43]—and counting the
number of terms categorized as a “gene or genome” semantic
type that were not in the cancer gene dictionary.
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Numbers: Dates, Times, and Other NumbersNot I ndicating
Disease Status

To automatically detect improperly mapped dates and times,
weimplemented a number of rule-based regular expressionsto
detect times and dates that were not mapped as “ Quantitative
Concept” semantic type concepts. “Quantitative Concept” is
the most appropriate semantic type based on how patients
typically used numbersin our dataset. Thisresulted in counting
the numbers mapped to “Amino Acid, Peptide, or Protein”,
“Finding”, “ Gene or Genome”, “Intellectual Product”, “Medical
Device’, and “Research Activity”.

In our approach, we recognized two types of date or time
expression that are problematic for MetaMap. The first type
was a time expression containing the term “pm”. The second
type was a string of numbers that has been typically used to
describe age, date, or time duration. For instance, “3/4"
indicating March fourth was mapped to a concept describing
distancevision: concept uniqueidentifier (CUI) C0442757. We
used specific regular expressions that focused on numberswith
“am” or “pm”, as well as a string of numbers with or without
non-a phanumeric characters in between numbers to identify
dates, times, and other numbers that do not indicate disease
status.

Email Addressesand URLSs

Our detection process for email addresses and URLs was
completed using regular expressions to identify all the email
addresses and URL s, and then we counted the number of terms
that were mapped from email addresses or URLS. In our
approach, we used specific regular expressions matching “ @”
and a typical structure of domain name (ie, a dot character
followed by 2-6 alphabetic or dot characters) for identifying
email addressesand “ http” or atypical structure of domain name
for identifying URLSs.

Internet Slang and SM S Language

We detected improperly mapped Internet slang and SMS
language using a 3-step process. First, we identified an Internet
dictionary with alist of chat acronyms and text shorthand [41].
Second, we manually reviewed the list to remove terms that
were aso medical acronyms. In thisprocess, weidentified only
three medical acronyms, “AML”, “CMF’, and “RX” and
removed them from the list. Third, our tool automatically
identified the terms in the text by matching them with the
Internet dang/SMS language list.

Names: First, Last, and Community Handles

To identify improperly mapped names, we first combined a
number of name dictionaries that consist of first names [42]
with alist of community handles from our online community,
CancerConnect. Then, our tool counted the number of mapped
terms that matched one of the namesin the combined list.

Narrative Style of Pronoun “1”

We identified a number of cases where the pronoun “1” was
improperly assumed to be an abbreviation, such as for lodine,
becausethe NLPtool did not consider the contextual knowledge
fromtheterm’s POS. One of the most fundamental components
of NLPtoolsisaPOS tagger, which marks up words with their
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corresponding POS (eg, verb, noun, preposition) in a phrase,
sentence, or paragraph. “1” asan abbreviation for lodine should
be recognized as a noun, whereas “1” meaning the individual
should be recognized as a pronoun by a POS tagger. Our tool
used data derived from the Stanford POS Tagger [44] to count
cases where the pronoun “1” was mapped to either the “Blood
group antibody 1” or “lodides’ concepts. We noticed that the
pronoun “1” was sometimes tagged as a foreign word. We
included those cases in our counts because it was a failure of
the Stanford POS Tagger.

Mismapped Verbs

Toidentify theimproperly mapped termswithout discriminating
between verbs and nouns, we used POS information from the
Stanford POS Tagger [44] to count cases where a mapped verb
term belonged to a semantic type that did not contain verbs.
The 34 semantic types (eg, “Activity” and “Behavior”) listed
under the “Event” tree of the UMLS ontology could contain
verbs; thus, we excluded verbs from these semantic types from
our analysis. We considered all verbsin the “Entity” tree of the
UMLS ontology as incorrect mappings. The “Entity” portion
includes semantic types, such as “Biomedical or Dental
Material”, “Disease or Syndrome’, “Gene or Genome’,
“Medical Device’, “Pharmacologic Substance”, for which we
do not expect verbs. Thus, our tool detected cases where verbs
were associated with the “ Entity” tree of the UMLS ontology.

Inconsistent M appings

Detecting word sense ambiguity failures leading up to this
section consisted of caseswheretermswere consistently mapped
improperly. However, for other word sense ambiguity failures,
MetaMap inconsistently mapped terms, both correctly and
incorrectly. The inconsistency was the result of poor
performance by MetaM ap’s word sense disambiguation feature
that was designed to select the best matching concepts out of
many candidate concepts available in the UMLS. We detected
inconsistent mappings by (1) assuming that patients used terms
consistently, and (2) MetaMap accurately selecting the best
matching concepts the majority of thetime. For instance, in our
online cancer community dataset, we assumed that patients
always used the term “blood test” to convey the “Hematologic
Tests” concept (CUI: C0018941), which was how MetaMap
interpreted this term two thirds of the time, rather than the less
frequent mapping to the “Blood test device” concept (CUI:
C0994779). Based on these assumptions, we detected
inconsistent mappings in two steps. First, we created a term
frequency table based on aterm’s spelling and its CUI. Second,
assuming the most frequently mapped CUI was the correct
concept, we counted the number of cases where the term was
mapped to less frequent CUIs.

Resultsfor Automated Failure Detection

The automated methods detected that at least 49.12%
(188,411/383,572) of MetaMap’s mappingsfor our dataset were
problematic. Word sense ambiguity failures were the most
widely occurring, comprising 82.22% among the total detected
failures. Boundary failures were the second most frequent,
amounting to 15.90% among the total detected failures, while
missed term failures were the least common, making up 1.88%
of the detected failures. Table 3 summarizes the identified
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failures as well as their causes and prevalence for automatic
detection of MetaM ap’sfailure on processing patient-generated
text. Our process showed the feasibility of automated failure
detection; hence showing the types of failuresthat our tool could
identify in similar datasets processed with biomedical NLP
tools.

Wefound that word sense ambiguity failureswere not mutually
exclusive, and several cases had multiple causes. Thus, in Table
3, the sum of percentagesfor individual failures exceeded 100%.
For instance, an acronym “OMG” used for “Oh My God” was
incorrectly mapped to “OMG gene”. Thisparticular failurewas
detected as both colloquial language as well as Internet slang

Table 3. Detecting MetaMap's failures on processing patient-generated text.

Park et a

and SMS language failures. To avoid redundant counts, we
detected 154,904 unique counts of word sense ambiguity failure,
making up 82.22% of failures. In Table 3, we show both
individual counts/percentages as well as the total unique
counts/percentagesto provide aprecise overview of word sense
ambiguity failures. Although these failures were recognized in
prior studies on MetaMap [26,29,34-36], the studies had not
presented automated methods for detecting these failures.

We manually evaluated the performance of our failure detection
tool intwo parts: overall performance evaluation and individual
component level performance eval uation.

Failure type Causes of failure Count  Percentage of failure, %
1. Boundary failures 1.1 Splitting a phrase 29,965 15.90
2. Missed term failures 2.1 Community specific nomenclatures 1167 0.62
2.2 Misspellings 2375 1.26
3. Word sense ambiguity failures 3.1 Abbreviations and contractions 416 0.22
3.2 Colloquial language 4162 221
3.3 Numbers 143 0.08
3.4 Email addresses and URLs 1448 0.77
3.5 Internet slang and SM S language 3442 1.83
3.6 Names 10,061 5.34
3.7 Narrative style of pronoun ‘I’ 61,119 32.44
3.8 Mismapped verbs 51,193 27.17
3.9 Inconsistent mappings 29,308 15.56
Total number of unique word sense ambiguity failures 154,904 82.22
Total number of unique failures 188,411

M ethods for Perfor mance Evaluation of Automated
Failure Detection

We randomly selected 50 cases (ie, mappings) that our tool
identified as incorrect mappings from each of the 12 causes of
failures, totaling 600 cases that served as positive cases. We
then randomly selected another 600 cases from the rest of the
mappings not detected as incorrect mappings according to our
tool to serve as the negative cases. We then mixed up the
selected 1200 cases and manually assessed the accuracy of
mappings through a blind procedure.

We also measured individual performance on each of the 12
detection techniques. We used the previously selected 600
negative cases and individual technique's 50 positive cases to
assess the performance. For boundary failure, we examined
whether the mapped terms could deliver precise conceptual
meaning independent of additional phrases. For missed term
failure, weinvestigated whether the tool had accurately corrected
the spellings and verified the results of the new mappings. For
word sense ambiguity failures, we examined whether MetaM ap
appropriately mapped terms based on the rest of the context.
The unit of analysis was a single mapping, and we evaluated
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our results using precision, recall, accuracy, and F1 score.
Precision measuresthe proportion of predicted positiveinstances
that are correct. Recall measures the proportion of positive
instances that were predicted. Accuracy measures the
percentages of correctly predicted instances among the total
number of instances examined. F1 score is the weighted
harmoni c mean—reflecting both performance and balance—of
precision and recall. In al measures, higher scoresreflect better
performance.

Results for Performance Evaluation

Overview

Table 4 showsthe performance of the automatic failure detection
tool. Thefailure detection tool achieved overall precision, recall,
accuracy, and F1 score of 83.00%, 92.57%, 88.17%, and
87.52%, respectively. At the individual component level,
methods using dictionary-based matching or regular expression
matching performed more accurately than methods using
existing NLP techniques. In the following sections, we discuss
findings of individual component of the automatic failure
detection tool and its performance.
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Table 4. Performance (in %) of automatic failure detection and itsindividual component.

Failure type Causes of failure Precison  Recall Accuracy F1score
1. Boundary failures 1.1 Splitting a phrase 82.00 78.85 96.78 80.39
2. Missed term failures 2.1 Community specific nomenclatures 88.00 100.00 99.02 93.62
2.2 Misspellings 80.00 93.02 97.88 86.02
3. Word sense ambiguity failures 3.1 Abbreviations and contractions 82.00 95.35 98.20 88.17
3.2 Colloquial language 100.00 100.00 100.00 100.00
3.3 Numbers 100.00 100.00  100.00 100.00
3.4 Email addresses and URLs 100.00 100.00 100.00 100.00
3.5 Internet slang and SM S language 100.00 100.00 100.00 100.00
3.6 Names 66.00 100.00 97.21 79.52
3.7 Narrative style of pronoun “1” 100.00 100.00 100.00 100.00
3.8 Mismapped verbs 32.00 100.00 94.43 48.48
3.9 Inconsistent mappings 66.00 5323 92.80 58.93
Total 83.00 92,57 88.17 87.52

Boundary Failure

Our automatic failure detection tool identified 15.90% of the
total failures as due to splitting a phrase. The performance
evaluation of thistask achieved precision, recall, accuracy, and
F1 score of 82.00%, 78.85%, 96.78%, and 80.39%, respectively.
It isimportant to note that asingle concept can produce multiple
split phrase failures. For instance, the phrase “stage 4
Melanoma’ was mapped to three concepts: “stage’, “4”, and
“Melanoma’. Two boundary failures occurred in this phrase.
Thefirst failure occurred between “ stage” and “4”; the second
failure occurred between “4" and “Melanoma”. By focusing on
a pair of mapped terms at a time, we correctly identified two
failures that occurred in the phrase “stage 4 Melanoma’. We
considered only adjacent paired mappings because splitting a
single coherent phrase into two or more UMLS concepts was
clearly a more significant problem. However, split phrase
failures could occur in non-paired mappings as well, and we
are underestimating the prevalence of split phrases.

Detecting Community-Specific Nomenclature

Less than 1% of failures were due to community-specific
nomenclature, and the automatic detection system achieved
precision, recall, accuracy, and F1 score of 88.00%, 100.00%,
99.02%, and 93.62%, respectively. It should be noted that we
underestimated the number of missed terms because the
algorithm [46] can identify abbreviations or acronyms only if
they were previously defined by members at some point. In
addition, we would not recognize cases where MetaMap till
missed the fully expanded term.

Detecting Misspellings

We automatically assessed that misspellings were responsible
for 1.26% of failures. However, we observed few cases of
incorrect assessment due to failures of Google's query
suggestion service. For instance, some medications were
incorrectly recommended. “Donesaub”, a misspelling of
“Denosumab” was mapped to “dinosaur”. Furthermore, even
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with correct recommendation, MetaMap did not always map to
the right concept. For instance, “Wsihng” was correctly
recommended to be “Wishing”, but MetaMap mapped it to
“NCKIPSD gene’. Despiteafew casesof incorrect assessment,
the misspelling component performed relatively well, achieving
precision, recall, accuracy, and F1 score of 80.00%, 93.02%,
97.88%, and 86.02%, respectively.

Detecting Abbreviations and Contractions

Improperly mapped abbreviations comprised less than 1% of
failures. Although this was seldom, the automatic detection
system performed relatively well, achieving precision, recall,
accuracy, and F1 score of 82.00%, 95.35%, 98.20%, and
88.17%, respectively.

Detecting Colloquial Language

Incorrectly mapped “gene or genome” semantic types comprised
2.21% of failures, and the automatic detection system achieved
precision, recall, accuracy, and F1 score of 100.00%, 100.00%,
100.00%, and 100.00%, respectively. With this process, we also
detected termslike“lord” and “wish” that may not be perceived
as colloquia language. Nevertheless, they were improperly
mapped as* gene or genome” semantic type. It isalsoimportant
to note that different disease-specific communities should utilize
different gene dictionaries.

Detecting Numbers. Dates, Times, and Other Numbers
Not I ndicating Disease Status

Our automatic failure detection tool identified less than 1% of
faillures as improperly mapped numbers. The performance
evaluation of thistask achieved precision, recall, accuracy, and
F1 score of 100.00%, 100.00%, 100.00%, and 100.00%,
respectively. However, we are underestimating this failure
prevalence because MetaMap improperly mapped more than
half of the “Quantitative Concept” semantic type concepts in
our dataset. We did not include this semantic type and
underestimated this particular failure because few cases were
correctly mapped.
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Detecting Email Addresses and URLS

Improperly mapped email addresses or URLs comprised less
than 1% of failures, and the automatic detection system achieved
precision, recall, accuracy, and F1 score of 100.00%, 100.00%,
100.00%, and 100.00%, respectively. It isimportant to note that
the basis for our manual assessments was how patients had
intended to use the term. For instance, M etaM ap mapped “ org”
at the end of a URL to “Professional Organization or Group”
concept. Although assessment of such cases can be subjective,
we followed the basic rule of reflecting patients’ intentions.

Detecting Internet Slang and SMS Language

A total of 1.83% of failures resulted from Internet slang and
SMS language terms. Like other dictionary-based matching
techniques, our automatic detection system performed relatively
well, accomplishing precision, recall, accuracy, and F1 score
of 100.00%, 100.00%, 100.00%, and 100.00%, respectively.

Detecting Names: First, Last, and Community Handles

We automatically assessed that names accounted for 5.34% of
failures. However, the name dictionary matching did not perform
as well as other dictionary-based matching components. We
discovered that unique but popular names, such as “Sunday”,
“Faith”, and “Hope” were incorrectly mapped when used as
nouns in a sentence. The name dictionary component achieved
precision, recall, accuracy, and F1 score of 66.00%, 100.00%,
97.21%, and 79.52%, respectively.

Detecting Narrative Style of Pronoun “1”

We found that 32.44% of failures resulted from pronoun “I”.
Although the use of the pronoun “1” could be considered a part
of colloquial language, we noted it asadifferent cause of failure
due to its high frequency. The automatic detection system
accomplished precision, recall, accuracy, and F1 score of
100.00%, 100.00%, 100.00%, and 100.00%, respectively.

Detecting Mismapped Verbs

We automatically assessed that mismapped verbs accounted for
27.17% of failures; however, the detecting mismapped verbs
component performed poorly, achieving precision, recall,
accuracy, and F1 score of 32.00%, 100.00%, 94.43%, and
48.48%, respectively. We discovered that although Stanford
POS Tagger has identified verbs correctly, we made the false
assumption that verbs did not belong to the entity part of the
UML S ontology. However, verbslike “lost” and “wait” belong
to the “Functional Concept” semantic type, which is under the
entity part of the UMLS tree. Thus, the detecting mismapped
verbs component of our automatic failure detection tool
incorrectly identified such verbs as failures.

Detecting I nconsistent Mappings

Our automatic failure detection tool identified 15.56% of the
total failures due to inconsistent mappings. The performance
evaluation of thistask achieved precision, recall, accuracy, and
F1 score of 66.00%, 53.23%, 92.80%, and 58.93%, respectively.
We found two reasons for the relatively low precision. First,
wedid not account for caseswhere the most commonly mapped
concept is not the correct mapping. For instance, in our dataset
“radiation” was mapped to “radiotherapy research” (CUI:
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C1524021) two-thirds of the time when community members
actually meant “therapeutic radiology procedure” (CUI:
C1522449). We incorrectly assessed if less frequent mappings
were accurate. Second, we missed cases when correct mappings
do not exist. For instance, the verb “go” was incorrectly but
consistently mapped as “GORAB gen€’. In our automated
failure detection analysis, our tool overlooked terms like “go”
that were consistently mismapped.

Results

We characterized (1) boundary failures, (2) missed termfailures,
and (3) word ambiguity failures and discovered 12 causes for
these failures in our manual review. We then used automated
methods and detected that almost half of 383,572 MetaMap's
mappings were failures. 82.22% of failures were word sense
ambiguity. 15.90% of failures were boundary failure. 1.88% of
failures were missed term failures. The automated failure
detection achieved precision, recall, accuracy, and F1 score of
83.00%, 92.57%, 88.17%, and 87.52%, respectively.

Discussion

Principal Considerations

We first discuss challenges of using out-of-the-box biomedical
NLPtools, such asMetaM ap, to process patient-generated text.
We then discuss the contributions and wider implications of
our study for research activities that need to manage the
constantly changing and overwhelming amount of
patient-generated data. We end with summarizing our
contributions to the medical Internet research community.

Figure 1 illustrates the challenges of processing
patient-generated online health community text and the common
failures of biomedical NLP tools on that text. In an example
sentence, “Hi Meg, | wish my docotor would haven't said I'd
have chemo brain. It's 12PM and I’'m signing off! LOL Don”,
MetaMap produced 12 mappings, al of which were incorrect,
and overlooked one misspelled term, “ docotor” , thus producing
13 failures.

Some of these failures are already known problematic failures
of MetaMap [26,29,34-36]. Our findings extend prior work by
identifying the causes for each failure type. Leveraging our
understanding of those causes, we developed automated
techniques that identified these previously highlighted failures
effectively without having to produce manually annotated
datasets. In demonstrating the feasibility of our automated failure
detection tool, we delineated the use of easily accessible NLP
techniques and dictionaries. These techniques can independently
examine each failure type. We provided adetailed demonstration
of our failure detection tool to allow researchers to select the
parts of our approach that meet the focus of their NLP tool
assessment. Additionally, our detection approach can be
modified and used to rectify failuresin NLP tools.

We focused our research on MetaMap; however, findings from
our study can apply to other NLPtoolsinasimilar manner. Few
fallure causes, such as inconsistency of word sense
disambiguation feature, pertain more to MetaMap than other
tools. However, any NLP tools that provide semantic
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connections require a similar word sense ambiguity feature.
Moreover, different NLP tools could excel in different areas,
and our automated failure detection can cost-effectively
highlight problematic areas. Similarly, our techniques for
detecting failures could strengthen the performance of other
NL P toolsto process patient-generated text and more traditional
types of text. For instance, the word sense ambiguity failure
caused by neglecting POS information can also be problematic
in different types of text, including biomedical literature. That
failure might surface less frequently due to differences in
sentence structure between the biomedical literature and
patient-generated text. Nevertheless, it isa significant problem
that applies to both types of text. Applying such POS
information when mapping a term could increase the accuracy
of the mappingsfrom avariety of texts. Another exampleisthe
missed term failure caused by community nomenclature.
MetaMap or other NLP tools will miss terms if particular
synonyms are missing from the vocabul ary source. Researchers
could use the algorithm by Schwartz and Hearst [46] to collect
various synonyms that are used in different domains and
frequently update the vocabulary sources, such as UMLS.
Furthermore, researchers could use the splitting-a-phrase
detection technique to not only prevent boundary failures, but
collect new medical jargon (eg, “chemo curls’) and identify
important concepts missing in the UMLS (eg, “double
mastectomy™).

Thedictionary-based matching and NL P techniques used in our
detection process were evaluated in previous studies [44-46].
However, these studies were conducted in different domains
and have been shown to produce errors. Moreover, these tools
were not evaluated for patient-generated text. In addition, the
automated detection techniques are generally limited to the
coverage of the UML S and MetaMap’s capability to map when
accurate and full spellings were provided. To strengthen our
findings, we evaluated each detection method as well as the
overall performance (Table 4). However, our findings could be
biased towards cancer community text and could be further
strengthened by generalizing our results in different platforms
or patient groups. It is aso plausible that we have not
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encountered al failure types or causes for other

patient-generated health data contexts.

Moreover, anumber of updates were made for both the UMLS
and MetaMap [51] since the beginning of our study. To maintain
consistency, we continued to usethe same versions of theUMLS
and MetaM ap. However, we used thelatest version of MetaMap
(2013) and the UML S (2013AB) to process asample of 39 posts
that were illustrated here and then compared the results to our
findings. Although some of these causes were amended in the
new version of MetaMap, the majority (33/39, 85%) of the
outcomes remained unchanged or changed but still problematic.
All the improvements (6/39, 15%) were word sense ambiguity
failures. Theimproved casesincluded (1) colloquial languages,
(2) email addresses and URLSs, (3) Internet slang and SMS
language, (4) mismapped verbs, and (5) two cases of inconsi stent
mappings. Despite these improvements, none of the described
12 causes of failures had been completely addressed. The lack
of significant improvement further illustrated the magnitude of
the challenges of processing patient-generated text. Because
technologies, source vocabularies, and characteristics of text
continue to be updated in the field of NL P, the need for low-cost
automated methods to assess the updates will continuously
increase. We demonstrate the feasibility of such automated
approaches in detecting common failures using MetaMap and
patient-generated text.

Although our study focused on online health community text,
theinsightsinform effortsto apply NLPtoolsto process various
types of patient-generated text, including blogs or online
journals, which share similar narrative writing styles and
colloquial language. Moreover, Facebook and email provide
conversational interactions similar to the interaction in online
health communities. Tweets about emergency responses [5],
public health trends [52], or clinical notes from electronic
medical records (EMR) could contain a host of abbreviations
that NL Ptoolscould incorrectly map. Thus, our failure detection
techniques could be applied in these other contexts to assess
the capability of processing different types of patient-generated
text.

Figure 1. Example failuresthat resulted from the application of MetaMap to process patient-generated text in an online health community (blue terms
represent patient-generated text; black terms represent MetaMap's interpretation; and red terms represent failure type).
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Conclusion which became the basisfor applying automated failure detection

Processing patient-generated text provides unique opportunities.
However, this processis fraught with challenges. We identified

methods using pre-validated NLP and dictionary-based
techniques. Using these techniques, we showed the feasibility

threetypes of failuresthat biomedical NLPtoolscould produce  ©f 1dentifying common failuresin processing patient-generated

when processing patient-generated text from an online health

health text, at a low cost. The value of our approach lies in

community. We further identified causes for each failure type, helPing researchersand developers quickly assessthe capability

of NLP toolsfor processing patient-generated text.
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Abstract

Background: Information sharing between providersis critical for care coordination, especially in health systems such asthe
United States Department of Veterans Affairs (VA), where many patients also receive care from other health care organizations.
Patients can facilitate this sharing by using the Blue Button, an online tool that promotes patients’ ability to view, print, and
download their health records.

Objective:  The aim of this study was to characterize (1) patients’ use of Blue Button, an online information-sharing tool in
VA's patient portal, My HealtheVet, (2) information-sharing practices between VA and non-VA providers, and (3) how providers
and patients use a printed Blue Button report during a clinical visit.

Methods: Semistructured qualitative interviews were conducted with 34 VA patients, 10 VA providers, and 9 non-VA providers.
Interviews focused on patients’ use of Blue Button, information-sharing practices between VA and non-VA providers, and how
patients and providers use a printed Blue Button report during aclinical visit. Qualitative themes were identified through iterative
rounds of coding starting with an a priori schema based on technology adoption theory.

Results: Information sharing between VA and non-VA providersrelied primarily on the patient. Patients most commonly used
Blue Button to access and share VA laboratory results. Providers recognized the need for improved information sharing, valued
the Blue Button printout, and expressed interest in away to share information electronically across settings.

Conclusions:  Consumer-oriented technologies such as Blue Button can facilitate patients sharing health information with
providers in other health care systems; however, more education is needed to inform patients of this use to facilitate care
coordination. Additional research is needed to explore how personal health record documents, such as Blue Button reports, can
be easily shared and incorporated into the clinical workflow of providers.
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Introduction

Care coordination can be defined as the deliberate organization
of patient care activities among people involved in a patient’s
careto facilitate the appropriate delivery of health care services
[1]. The Ingtitute of Medicine identified care coordination as
one of 20 priorities to improve the quality of health care in the
United States [2]. The accurate and timely sharing of
information is a critical component for effective coordination.
In 2013, a survey conducted by the Office of the National
Coordinator reveadled that 1 in 3 individuals reported a gap in
informati on exchange when seeking carefor amedical problem.
In addition, half of those who experienced a gap reported they
had to tell the provider about their medical history because
records were not received by another provider [3]. When
information is lacking, patient safety may be compromised,
duplicate services received (ie, unnecessary repeat |aboratory
testing), and health care costs increased [4-10].

One challenge to effective information sharing is that medical
recordsare controlled and managed by health care organizations
often resulting in a fragmented record for patients who receive
care from multiple health care systems [11]. Electronic health
records (EHRs) and health information exchanges (HIES) are
organizational health information technology solutionsthat are
intended to help improve communication within and between
care settings [12,13]. Although there has been was significant
progressin EHR implementation, adoption of HIEsisvariable
across states and organizations [14]. In astudy by Furukawa et
al [15], only 14% of providers stated that they exchanged health
information electronically with providers practicing outside of
their health care system.

In contrast, electronic personal health records (PHRSs) are
managed by individuals[16,17]. Patient PHRs (patient portals)
tethered to EHRS can help patients access information easily.
The ability to do so hasincreased in recent years, in part dueto
meaningful use criteria that require health care systems to
provide patients with access to their own health information
[18-20]. Stage 2 of the meaningful use criteria further expands
this mandate with requirements to provide patients the ability
to transmit information securely [21]. Consumer-mediated
exchange complements organizational HIE between care
providers and systems. Given the requirements for consumer
access to their health information, many organizations have
adopted the Blue Button [22]. However, little is known about
patient and provider attitudes about consumer-mediated
exchange.

The Blue Button concept emerged in January 2010 at aMarkle
Consumer Engagement Workgroup with the goal of empowering
consumers by providing them the ability to generate and
download a single electronic file that contains their personal
health information [23]. In August 2010, the Department of
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Veterans Affairs (VA) launched their Blue Button in My
HealtheVet, VA's combined patient portal and PHR [24]. Blue
Button allows patients to easily view, print, and download their
VA medical record data and self-entered information to create
a report of their health information. Patients are able to
customize theinformation they chooseto includein their report
by date range and data class. To date, more than 500 payers,
providers, health-related associations, and others have taken the
Blue Button Pledge to promote patient accessto their own health
data[25]. Although Blue Button awareness has grown, thereis
gtill a significant need for education because one-third of
providersin a2014 survey reported no familiarity with the Blue
Button initiative [26]. With growing consumer access to their
health information, it is important to examine patients and
providers perceptions and experiences with Blue Button
adoption and how it may be used to improve care coordination.

Recipients of VA health care benefits routinely receive care
from both VA and non-VA providers. The 2011 Survey of
Veteran Enrollees Health and Reliance upon VA found that
77% of Veterans had alternative health insurance (ie, Medicare)
[27]. Inastudy of rural Veterans, 75% indicated receiving care
outside of the VA in the last year [28]. The 2014 Veterans
Access, Choice, and Accountability Act [29] is also expected
toincrease carein civilian sectors making the need for effective
care coordination even more critical for VA patients.

This study sought to understand how VA patientswere adopting
the Blue Button, information-sharing practi ces between VA and
non-VA providers, and providers' thoughts about patients as
the mediators of HIE. Further, with Blue Button and
consumer-mediated sharing of health information as newer
concepts, this study explored (1) if a report printed using the
Blue Button could facilitate information sharing to support
clinical care and (2) patient and provider preferencesregarding
receipt of thisinformation.

Methods

Study Design

Qualitative interviewswere conducted in 2012 as part of alarger
evaluation of Blue Button adoption and use [30]. The focus of
this study was on patient and provider experiences with PHRs
and specifically the My HealtheVet Blue Button feature to
identify (1) barriers and facilitators to adoption of Blue Button
and (2) use of the Blue Button printout to improve coordination
of care among all membersin a Veteran's treatment team.

Participants

A rural Midwest and an urban Northeast VA health care system
participated to represent both rural and urban locations. VA
patients registered with aMy HealtheVet account wereidentified
and invited to participate by letter. For select sampling,
interested participants were asked about prior Blue Button use
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and if they received care from a non-VA provider. At the
Midwest VA, non-VA providers were recruited through |letter
invitation from the local state association. Non-VA and VA
providers were also identified with the assistance of project
coinvestigators (CT, SS). Participants completed an informed
consent processand all study procedureswere approved by both
Institutional Review Boards.

Using Rogers Diffusion of Innovation theory [31] and the
Unified Theory of Acceptanceand Use of Technology (UTAUT)
[32] as models, researchers formed interview questions (see
Textbox 1 for examples of interview questions). These theories
provided aflexibleframework for determining key components
influencing patients' adoption and use of Blue Button, and
providers perspectives toward use of Blue Button and PHRs
for information sharing. Interview questions addressed how
participantslearned about Blue Button (knowledge/awareness),
experiences using Blue Button (ease of use), and whether
information printed from Blue Button was brought to health
care visits (implementation), etc. Patients were asked about

Kleinetal

communication between their providers and completed a
baseline questionnaire about demographics and prior experience
with My HealtheVet. Providers were asked about their
experience coordinating care between organizations for VA
patients, preferences for patients sharing information, and for
input on the essential information to be included in a health
summary. At the end of the interview, al participants were
provided a sample 20-page Blue Button printout (Multimedia
Appendix 1) based on a test patient with both VA EHR data
(appointments, medication history, allergies, laboratory results,
wellness reminders) and self-entered data (demographics,
emergency contacts, health care providers, treatment facilities,
health insurance, medications and supplements, allergies/adverse
reactions, labs and tests, medical events, immunizations, vitals
and readings, family health history, military health history).
Participants critiqued the content and display and were asked
for their opinions on using the document during aclinical visit.
Interviews were conducted by trained research personnel
primarily by phone and, when feasible, some provider interviews
at the Midwest VA occurred in-person.

Textbox 1. Examples of semistructured interview questions for VA patients and providers.

VA Patients

«  How do your doctors coordinate your medical care? How do they communicate?

« Tell mealittle bit about your experience using My HealtheVet. What do you know about the Blue Button? Tell me about your experience using

Blue Button.

«  What do you think of the format of the information in the printout? Isit easy to understand?
. Haveyou ever brought information that you printed from Blue Button to a health care visit?

« If youwereableto delegate your accessto your personal health record / My HealtheVet account to your health care provider would you? (Meaning
would you give your doctor the ability to log in to your My HealtheVet account?)

Providers

. Tell meabout your experience giving and receiving information from [VA or non-VA] providers about patients' treatment (eg, medications).
« Areyou familiar with personal health records/ patient portals? Have you heard of the Blue Button?

«  What isthe essential information you want in a health summary? What do you think of the format of the Blue Button printout?

« Haveyou had experiences with patients who have brought in information from their personal health record, such as My HealtheVet?

«  For patients who receive care from both VA and non-VA providers, what are your preferences on the best way for patients to share their health

information with you?

. If apatient brought in a printout like this, what would you do with it?

« If apatient was able to delegate you access to their personal health record, do you think you would access it?

Analysis

Interviewswere audio recorded, manually transcribed verbatim,
and entered into the qualitative data software, NVivo 8 (QSR
International Pty Ltd, Victoria, Australia) for coding. Codes
were developed a priori based on concepts from Diffusion of
Innovation [31] and UTUAT [32] theories. Additional, emergent
themes were identified through grounded thematic approaches
[33]. The research team (GF, CT, DK) developed codebooks
specific to each participant group: non-VA providers, VA
providers, and patients. For each codebook, the team
systematically reviewed 2 to 3 interviewstogether and discussed
key concepts. Codebooks were iteratively developed until no
new codes were identified and saturation was reached. For the
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provider interviews, fewer interviews were needed to reach
saturation because their perspectives tended to be more similar
whereas there was greater variability among patients. All
interviews were then coded by atrained research assistant who
worked closely with the team to consistently code the data. If
there was clarification needed to address or revise codes, ateam
meeting was held to reach consensus.

Results

Participant Characteristics

A total of 34 patients completed interviews. See Table 1 for
sample characteristics of participants. Of these, 24 VA patients
reported using Blue Button previously and 22 received care
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from a non-VA provider in addition to their VA provider. In
all, 19 providers (9 non-VA and 10 VA) participated. Of the 10
VA providers interviewed, all were medical doctors (3 family

Table 1. Patient characteristics (N=34).

Kleinetal

practice, 4 internal medicine, 2 specialty care, 1 hospitalist). Of
the 9 non-VA providers, 2 were nurses and 7 were medical
doctors (3 family practice, 4 internal medicine/ primary care).

Sample characteristics Participants
Age (years), mean (SD) 61.6 (10.2)
Gender (male), n (%) 33(97)
Education, n (%)

High school or some technical/college 20 (58)

College graduate or more 14 (42)
Income (US $; n=33), n (%)

<$25,000 7(21)

$25,000-$50,000 13 (39)

>$50,000 13 (39)
How long registered for My HealtheVet, n (%)

<1year 13 (38)

2-3 years 15 (44)

>4 years 6 (18)
How often use My HealtheVet, n (%)

Less than once a month 11 (32)

About once a month 16 (47)

About once aweek or more 7(21)
Comfort using My HealtheVet

Very comfortable 13(38)

Somewhat comfortable 12 (35)

Neither comfortable/uncomfortable 5(15)

Somewhat or very uncomfortable 4(12)
Self-rated health, n (%)

Excellent or very good 13(38)

Good 10 (29)

Fair or poor 11(32)

Seven themes were identified: (1) knowledge of Blue Button;
(2) ease of use, content, and readability of the Blue Button
printout; (3) relative advantage of using Blue Button to access
and share VA information; (4) perceived value of Blue Button;
(5) patient experiences sharing VA hedth information; (6)
provider perspectives on workflow and data quality; and (7)

http://www.jmir.org/2015/8/e199/

preferences sharing and receiving information. Table 2 (patient)
and Table 3 (providers) summarize these themeswith illustrative
quotes. Of note, several themes for clinicians were similar
regardless of organizational affiliation and these are indicated
with “all” in Table 3.
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Table 2. Summary of themes by patient responses with illustrative quotes.

Theme Patient quote

Knowledge of Blue Button

Found on their own exploring My HealtheVet “...looking at My HealtheVet one day and then it just caught my eye...so |
tried it

Ease of use, content, and readability of Blue Button printout

Mixed responses to the ease of use “It's easy to use and it's self-explanatory.”
“Frustrating.”
“It's complicated.”
Can betoo long in length “What | don't like is how much paper it takes up.”
Relative advantage of Blue Button for accessing and sharing VA in-
formation
Sharing information between providers relies on the patient “...it'sup to me to move the information back and forth.”
Online accessis easy and savestime “It's easier than the phone and it's atimesaver as well.”

“It's better than me sending arelease to [VA administrative office] and
having them mail me...I could just go online[to get results] instead of having
to wait for this giant document to come.”

Per ceived value of Blue Button

Engaged in their own health care “..thefirsttime | used it | wasreally happy because | was participating in
my hesalth care. | mean you can actually seerea timewhat’sgoing on...which
isreally good. So it makes you part of the process.”

Patient experience sharing VA health information

Valuein sharing information for time and money “Saves a stick in the arm... saves them...the money and the time and ef-
fort...your lab results arejust as good from 2 months ago, asthey werefrom
today to 3 weeks away.”

Selective in what information is shared “Typically just print the labs...here's the copy of my VA lab work..”

Preferences for sharing and receiving information

Mixed response for preference to print or electronically share and “I would prefer...[to] make the PDF from the Blue Button and then put it
preference based on what they perceive may be better for their provider on my... iPad ...rather than printing off a bunch of paper.”

“Just bring in acopy...it's faster.”

“For [provider] I'd prefer to give her the paper copy because of her
time...that way she can look it over when she's ready.”

Value sharing self-reported information “...with the over-the-counter medication and stuff like that they need to be
aware of what was going on...the better treatment that | can get out of my
provider is based on the more knowledge that they have, not out of an edu-

cated guess...”
Supportive of delegate access to VA providers; mixed support for del-  “I’m confident in my providers and know they would maintain proper
egate access to non-VA providers amount of security and are very ethical health care providers”

“1 don’t know how many...non-VA providers you want snoopin’ around in
aVA record...| trust my doctor, but I don’t know, it's a security type of
thing with me”
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Table 3. Summary of themes by provider responses with illustrative quotes.

Theme

Provider quote

Knowledge of Blue Button
All: limited knowledge of Blue Button

Ease of use, content, and readability of Blue Button printout

All: improve information display

Non-VA: useful information; missing patient VA visit information (last
visit note)

Relative advantage of Blue Button for accessing and sharing VA in-
formation

All: sharing information often relies on the patient

Non-VA: difficult to get information from VA and patients sharing this
information can help bridge the gap

Per ceived value of Blue Button

All: tool for patient education and value of self-report information

Non-VA: improved efficacy

Non-VA: abstract and incorporate rel evant information in own electron-
ic medical record

Provider perspectives on workflow and data quality

All: mixed response to how it would impact workflow of clinical en-
counter, however information was valued

All: generaly trust Blue Button report and self-entered information;
however, may depend on the data reported and patient

Preferences for sharing and receiving information

All: prefer electronic receipt of data and easy sharing between systems

“I’'ve not seen that...thisis not what | get from a VA patient. What | get
from him is akin to an office visit summary.” (non-VA)

“...it'snot that the information is not useful, it'sjust that it's displayed over
too many pages.” (non-VA)

“You're not showing me the ‘ patient visit’ here. The one thing that’s miss-
ing.” (non-VA)

“1 will print out stuff and giveit to the patient, | say, ‘Here, go give thisto
your urologist, okay?....and sometimes ...we tell the patients, ‘ You could
have anything you want sent to whomever you want. Just go out to the
business desk and those folks will take care of it.” (VA)

“With VA, we get nothing...[W]e need something we have to call the VA
or have the patient acquire it...Nothing is ever sent automatically from
VA...and most of thetime | don’t even know that they seethe VA..." (non-
VA)

“...we haven't had real good luck getting information from VA, so | think
thisis...better, the Blue Button.” (non-VA)

“Because people who arereally reading or going through their records they
are more involved in their health...they will learn more about their own
health and their own medication.” (VA)

“Having the self-report isimportant, because that alows you to figure out
what you think isgoing on and what they think isgoing on is different. And
bringing together different sources, like looking at their pill bottles...” (VA)

“...it would increase our accuracy and decrease our duplication of tests... it
would make ...more economical sense for the patient insurance system as
well.” (non-VA)

“It's not just this sort of scanned PDF, but rather something that becomes
useable and actionable” (non-VA)

“It would help...I don't think it would add alot of time...to have the infor-
mation isimportant.” (non-VA)

“If they’'re very knowledgeable and could tell meall this verbally, then it
probably doesn’t necessarily save time...if thiswas avery long printout, it
could take longer, but | don't think that’s necessarily a bad thing. Because
if youyou're getting afuller picture...then | think that would be beneficial.”
(VA)

“We ask patients to give us their history of what's happened to them, and
we trust that. There are times we have to go corroborate that, so | see no
reason why | wouldn’t trust this any lessthan my encounter when | ask, ‘ So
what’s happened in the last year?” (non-VA)

“[the self-entered information] | get alittle nervous...did they enter right?
...it'sadataquality issue” (VA)

“What would be really idedl isif there were an interface between the com-
munity and the VA system where if a patient gets lab work done at the VA,
or diagnostic studies done at the VA, or a colonoscopy done at the VA,
right? Then, that stuff would come in and integrate with my system.” (non-
VA)
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Theme

Provider quote

All: hard copy could be used for patient education

All: receipt of information in advance of clinical encounter

All: mixed support for delegate access to patient’s PHR

All: opento patientslogging in and sharing their personal health record
data at a visit; however, possible work flow and technology barriers

“I"d like them to bring it in their hand...We make notes on it, it goes back
home with them. It'sincredibly valuable for them to have stuff in their
hands.” (VA)

“It'salways niceto haveit ahead of the visit... then you can review it before
thevisit and highlight theimportant things that you want to address...” (non-
VA)

“In certain cases, | would...depends on the patient... and their problems.”
(VA)

“...it spills on the wrong side of patients embracing responsibility for their
health record. And therefore, it probably spills on the wrong side of where
theliability is...” (non-VA)

“It'sgoing to take sometime, but chronicillness management requires some
time. You need to take time and talk to people about these things during
visits, and | think this would be away of making it more efficient, not
less...it's atradeoff, you would save time by not doing it, but | think that
not doing it is not agood option.” (VA)

“Right now, they can’t log in to our computer, that would have to
change...but, even so, | think that would sort of bog you down...in the office.”
(non-VA)

Knowledge of Blue Button

Most patients learned of the Blue Button simply seeing it on
the My HealtheVet website. At the time of the study, VA and
non-VA providers were generally unaware of the term “Blue
Button” and had limited experience with patients using PHRs
to share information with them. Among those who had heard
of Blue Button, one non-VA provider did not know any details
about it and a VA provider knew that patients could print a
report using Blue Button, but had not actually received a printout
from a patient.

Ease of Use, Content, and Readability of the Blue
Button Printout

This theme focused on patients' ease of downloading a Blue
Button file, content, and readability of the report. Patients
primarily taught themselves how to use it with no specific
training and there was variability with experiences in the ease
of using the Blue Button. They liked the convenience of
accessing their information online and that it was consolidated
in one document, albeit the length of the printout was aconcern
for some.

Provider interviewsfocused on the sample Blue Button printout,
critiquing the content and display of information. Overal,
non-VA providers found the content useful; however, it was
noted that some changes in formatting may improve the
document. However, non-VA providers acknowledged that
having the information outweighed the inconvenience of what
they perceived as a cumbersome document due to its length.

When asked about the most important information to include
in the Blue Button printout to inform clinicians, non-VA
providers wanted a current medication list, laboratory test
results, wellness reminders, immunizations, and alergies. In
addition, there was interest in having the clinical note from the
last visit available. VA providers reported much of the content
redundant with information in the VA medica record and
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concurred with non-VA providers that the presentation of
information could be improved.

Relative Advantage of Using Blue Button to Access
and Share Information

For patients, this theme emerged in their discussion of the
advantage of online access to their health information. This
access could then facilitate information sharing. All interviewees
(patients, VA providers, and non-VA providers) indicated that
communication between providers primarily relies on the
patient. Non-VA providers reported great difficulty getting
health information from the VA and saw Blue Button as a
possible solution to this problem. One non-VA provider, after
viewing the sample printout, reported a preference for the Blue
Button printout over other records from VA. VA providers
already have access to much of the information in the Blue
Button, so therelative advantage of Blue Button for information
sharing was not evident. In contrast, non-VA providers who
struggled to access VA information saw clear value.

Perceived Value of Blue Button

Two themes emerged under this domain: patient engagement
and use of the Blue Button printout for clinical care and the
health care system. With regardsto patient engagement, patients
liked having accessto their health information. VA and non-VA
providersreinforced this and expressed use of the printout asa
tool that could help to identify gaps in understanding. Being
better informed of all care can, in turn, help prevent errors or
medication/test duplication and provide benefit from a cost
perspective.

Non-VA providers were positive about the utility of the
information for clinical decision making and indicated they
would incorporate the information within their own medical
records. One provider detailed the data sections (ie, alergies,
medications) that he would integrate as structured datain their
electronic record. In contrast to non-VA providers, VA providers
saw little value in the printout for VA health information
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because it would be redundant with information aready
accessible in VA's EHR. However, there was interest in
reviewing theinformation that patient had self-entered into their
PHR.

Patient Experiences Sharing Health I nfor mation From
Blue Button

Patients reported mainly using the Blue Button for their own
knowledge and most often reviewed laboratory results and
appointments. There was limited experience sharing it with
providers; however, for those who did share their Blue Button
information with a non-VA provider, it was most often
laboratory results. Those Veterans who have used the Blue
Button for sharing information, tended to only print specific
data rather than a long report. Most reported a favorable
response sharing it, but one patient did have a negative
experience that resulted in his perception that “nobody wants
this...adoctor wants their own opinion.”

Provider Perspectives on Wor kflow and Data Quality

The non-VA and VA providers interviewed had little to no
experience with patients sharing a Blue Button printout; thus,
to address the concept of using this document for clinical care,
providers were asked for their perspectives on workflow and
time burden if a patient were to present with a Blue Button
printout at avisit. Resultswere mixed. Some expressed it would
add timewith othersindicating it would be atime saver. Overall,
providers expressed that having the information outweighed
concerns about added workload and time.

There was aso discussion if providers would “trust” a Blue
Button document received from a patient and self-reported
information in the report. Many providersindicated they would
trust the accuracy of information accessed using Blue Button.
In regardsto patient self-reported information, some added the
stipulation that similar to any self-report of information, it may
depend on the patient and type of information reported.
However, a few providers did note concern related to data
quality for self-report.

Preferencesfor Sharing and Receiving I nformation

All patient and provider intervieweeswere al so asked questions
to explore their preferences for how information is shared to
inform future guidance to VA patients using the Blue Button;
this included receiving a printed hard copy either before or
during a medical visit, electronic receipt, delegate access
(assigning permission to allow the provider to sign into the
patient’'s My HealtheVet account), or the patient logging in to
their My HealtheVet account during an appointment.

Patients tended to want to share their information in away that
would be convenient for the provider. The majority were
comfortable delegating My HealtheVet access to their VA
providers, but some indicated it would be duplicative for VA
information. Despite this, they saw value in sharing their
self-entered data. For delegating access to non-VA providers,
there was not consensus and patients expressed conflicting
views. One patient who noted the value of self-entered dataand
stated he would delegate access to his VA provider reported
that he would not delegate access to his non-VA provider due
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to privacy concernsabout sensitive health information. However,
he would share a hard copy printout of selected information
from his VA medical record if he deemed it necessary.

Patientswho favored electronic information sharing (including
logging in at an appointment to accesstheir Blue Button) wanted
to avoid unnecessary printing or misplacing of the document.
Thosewho favored printing indicated that it was easier or faster.

Non-VA and VA providers expressed a desire for electronic
receipt of information so that ideally it could be integrated into
their EHR. Although it was often the preference, there was
awareness that the exchange needed to be secure and a
perception that thiswas not yet feasible with current technol ogy.
Some providers also wanted to receive the information in
advance of an appointment. For others, hard copies shared
during a visit were viewed as easier and one VA provider
thought it could be used as atool for patient education.

Provider support among both provider groupsfor del egate access
was split. A non-VA provider agreed he would access the
patient's My HealtheVet account if authorized and a VA
provider also supported access depending on the patient
situation. Alternatively, time and liability were significant
concerns. Providers seemed more open to having a patient log
in to their PHR during an appointment; however, workflow
barriers included time and lack of computer access in exam
rooms.

Discussion

Inthissampleof patients, VA providers, and non-VA providers,
information sharing between providers relied primarily on the
patient. Reports generated by the Blue Button feature of aPHR
portal that contain both EHR data and patient self-entered
information have great potential to facilitate care coordination
in such contexts. Patients indicated some usability issues with
the My HealtheVet Blue Button; however, they generally had
favorable opinions of the technology. Providers recognized the
need for improved information sharing. In particular, non-VA
providersfelt that having accessto more VA health information
would be of significant benefit. Many providers we spoke with
expressed interest in away to share information electronically
across health care delivery settings. Although this study focused
on VA patients recelving care from non-VA providers,
meaningful use Stage 2 criteria promotes comparable
consumer-mediated health information sharing between all
health care settings.

These findings are consistent with other studies that found
patients are responsible for sharing health information between
providers[30,34-36] and limited use of the Blue Button printout
despite its potential to improve information sharing [30]. The
review of a sample Blue Button printout provided valuable
insight about the potential impact of patients sharing their health
information during aclinical encounter. Although the length of
thereport and timeto review were potential barriers, in practice,
patients who shared information using the Blue Button tended
to be selective in choosing what they provided to their non-VA
providers, consistent with other research [36,37]. Patients
indicated they want to share information specifically relevant
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to their care and in a way convenient to the provider. One
concernisthat patients may not know exactly what information
to share. Although this may be perceived in some cases as
patientsintentionally omitting what might be clinically relevant
information, it may in fact be a function of health literacy.
Patient portals provide easier and timelier access to the EHR
data in an unprecedented way. However, as noted earlier,
because medical information has historically been managed at
an ingtitutional level, patients may have limited experience
managing their own health information. This study and the prior
literature suggest both a need to educate patients about using
their patient portal to share information and for patient portals
to be designed in waysthat support patients’ need to easily share
critically important clinical information. In addition, itisequally
important to inform providers about Blue Button and for
providers to encourage patients to share their health data from
providersin other care settings [38].

Non-VA provider experiences with care coordination are
consistent with findings by Nayar et a [34]: 71% of non-VA
providers surveyed reported they wererarely or never informed
about VA carevisits. Difficulty sharing information back to the
VA was also apparent, with only 33% reporting that they had
shared information with VA. HIEs are one mechanism that may
help facilitate bidirectional exchange between systems[39], but
adoption of HIEs is variable across states and organizations
[14]. It is also critical for EHRs to support care coordination;
however, EHRs often do not contain much information about
outside care [40] and it is difficult to share across settings due
to interoperability issues [12,41]. This supports the need for
consumer-mediated i nformati on sharing because patients know
where and when they will bereceiving care. It al so can empower
patients by allowing them to choose what information to share
and to be an engaged participant in their health care team.

This study provides support that providers and patients value
and trust patient sharing of health record information and
patient-generated data. Although patients can self-enter
information in My HealtheVet, this information is not yet
accessibleto their VA providers. Data available from self-report
in PHRs, remote monitoring devices, or personal wearables,
can help inform providers' understanding of a patient’s health
between visits. Interest in these data is growing and it is
important to devel op meaningful waysfor thisdatato be shared
and integrated into workflow to help inform clinical care when
relevant [42]. Efforts are underway for this information to be
accessible to heath care providers within the VA clinical
information system and incorporated into clinical workflow.

Sincetheseinterviews, there have been continued enhancements
to My HealtheVet, including increased patient access to
information. In January 2013, clinical care notes were added to
the Blue Button (VA OpenNotes) [43] and a Continuity of Care
Document (CCD) / VA Health Summary became available.
This document is a health summary that follows standards for
interoperability with the goal of being integrated into other
systems EHRs. The VA CCD includes many of the essential
data specified by non-VA providers; however, it does not yet
provide the most recent clinic note, which was requested by
non-VA providers in this study. The ability for patients to
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securely transmit their CCD to an approved organization,
non-VA provider, or application is currently in field testing.

Provider-focused HIE and consumer-mediated HIE can
complement each other and provide benefit in different use
cases. For example, in emergency department care, the
immediate need for information may be served best by query
or direct-based HIE model s, whereas, in outpatient chronic care
management, in which patients are often seen by multiple
providersin different settings, consumer-mediated HIE can also
effectively support care coordination. It is critical to educate
patients about opportunities to participate in all types of HIE
so they can make informed decisions about their preferences
for sharing of their health information. As reflected by some
participants in this study, some patients may not want to share
all their health information with al providers. Expanding efforts
inthese areas supportsthe National Quality Strategy that focuses
on patient engagement and effective communication as priorities
to help meet the 3 broad aims of better, more affordable care
for individuals and communities[44]. In acomplex health care
environment, multiple strategies are necessary to ensure
information is available to provide safe and improved health
care regardless of how the information is exchanged.

Limitations of this study includeinterviewing only patientswho
currently used My HealtheVet. Participants were asked to
hypothesize how they would use the Blue Button printout for
information sharing and clinical care, but it is unknown what
they might do in actual practice. However, there is promising
research reporting positive benefits of PHR use and patient
engagement for health outcomes[45-49]. In addition, it was not
required that patients have a non-VA provider; nevertheless,
their use of the Blue Button to share self-reported information
back to VA was relevant. The patients were predominantly
older, white, male Veterans; younger or female patients may
have different perspectives.

Although this study focused on the VA health care system, the
results may be transferable to other settings where patients
receive care from multiple health care systems and other
organizations using Blue Button. In speaking to patients, VA
providers, and non-VA providers, we gathered the perspectives
from a range of stakeholders who are engaged in information
sharing and use of tools such as Blue Button. Participants from
geographically different regions of the country and different
kinds of provider expertise (ie, family medicine, specialty care,
and nursing) were included. In addition, meaningful diversity
is also evident in the patient sample (ie, income, self-reported
health status, and My HealtheVet experience). This variety of
perspectives increases transferability [50] of findings across
contexts.

More research is needed to examine whether patients sharing
their health information with providers from different systems
improves health care processes and outcomes. For example,
does this consumer-mediated sharing improve medication
reconciliation, reduce therapeutic duplication of medications,
and/or reduce duplicate laboratory servicesor costs? In addition,
future research should examine the impact on workflow for the
provider receiving theinformation and, astransmit requirements
from meaningful use 2 are implemented, examine how
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information is received and incorporated into the EHR of the enable all providers engaged in a patient’s care to effectively
receiving provider or organization. As technology advances, shareinformation for care coordination.
effective processes must be developed in all care settings to

Acknowledgments

We thank and acknowledge the assistance of the Comprehensive Access and Delivery Research and Evaluation (CADRE) Center
at the lowa City VA Healthcare System for assistance with data collection and transcription. This work was supported by the
Department of Veterans Affairs, Health Services Research & Development, eHealth Quality Enhancement Research Initiative
(RRP 11-407). The views expressed in this article are those of the authors and do not necessarily represent the views of the
Department of Veterans Affairs.

Authors Contributions

CT wasthe principal investigator of this study and SSwas coinvestigator. DK had primary responsihility for writing the manuscript.
CT, DK, GF, SS, and KN contributed to the study design. CT, DK, GF, and SS were involved in study implementation and data
collection. CT, DK, and GF were involved in data analysis and coding. All authors (DK, GF, TH, SS, KN, and CT) contributed
to drafting of the manuscript and revising critically for intellectual content.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Sample Blue Button report.

[PDFE File (Adobe PDF File), 289K B - jmir_v17i8e199 appl.pdf ]

References

1.  McDonaldK, Sundaram V, Bravata D. Vol 7: Care Coordination. In: ShojaniaKG, McDonald KM, Wachter RM, editors.
Closing the Quality Gap: A Critical Analysis of Quality Improvement Strategies. Technical Review 9. AHRQ Publication
No 04(07)-0051-7. Rockville, MD: Agency for Healthcare Research and Quality; Jun 2007.

2. AdamsK, Corrigan J. Priority Areasfor National Action: Transforming Health Care Quality. Washington, DC: National
Academies Press; 2003.

3. Patd V, Barker W, Siminerio E. ONC Data Brief No. 20: Individuals' Access and Use of their Online Medical Records
Nationwide. Washington, DC: Office of the National Coordinator for Health Information Technology; 2014 Sep. URL:
http://www.healthit.gov/sites/defaul t/files/consumeraccessdatabrief 9 10 14.pdf [accessed 2015-04-29] [WebCite Cache
ID 6YBOGfK4Q]

4. JhaAK, Chan DC, Ridgway AB, Franz C, Bates DW. Improving safety and eliminating redundant tests: cutting costsin
U.S. hospitals. Hedlth Aff (Millwood) 2009;28(5):1475-1484 [FREE Full text] [doi: 10.1377/hlthaff.28.5.1475] [Medline:
19738266]

5.  Kripalani S, LeFevreF, Phillips CO, Williams MV, Basaviah P, Baker DW. Deficits in communication and information
transfer between hospital-based and primary care physicians: implications for patient safety and continuity of care. JAMA
2007 Feb 28;297(8):831-841. [doi: 10.1001/jama.297.8.831] [Medline: 17327525]

6. Stewart BA, Fernandes S, Rodriguez-Huertas E, Landzberg M. A preliminary look at duplicate testing associated with lack
of electronic health record interoperability for transferred patients. JAm Med Inform Assoc 2010;17(3):341-344 [FREE
Full text] [doi: 10.1136/jamia.2009.001750] [Medline: 20442154]

7.  Trivedi AN, GreblaRC, Jiang L, Yoon J, Mor V, Kizer KW. Duplicate federal payments for dual enrolleesin Medicare
Advantage plans and the Veterans Affairs health care system. JAMA 2012 Jul 4;308(1):67-72. [doi: 10.1001/jama.2012.7115]
[Medline: 22735360]

8. JiaH, Zheng Y, Reker DM, Cowper DC, Wu SS, Vogel WB, et a. Multiple system utilization and mortality for veterans
with stroke. Stroke 2007 Feb;38(2):355-360 [FREE Full text] [doi: 10.1161/01.STR.0000254457.38901.fb] [Medline:
17194888]

9.  Wolinsky FD, Miller TR, An H, Brezinski PR, Vaughn TE, Rosenthal GE. Dual use of Medicare and the Veterans Health
Administration: are there adverse health outcomes? BMC Health Serv Res 2006;6:131 [FREE Full text] [doi:
10.1186/1472-6963-6-131] [Medline: 17029643]

10. Bodenheimer T. Coordinating care--a perilous journey through the health care system. N Engl J Med 2008 Mar
6;358(10):1064-1071. [doi: 10.1056/NEJIM hpr0706165] [Medline: 18322289]

11. Elhauge E. The Fragmentation of US Health Care: Causes and Solutions. New York: Oxford University Press; 2010.

http://www.jmir.org/2015/8/e199/ JMed Internet Res 2015 | vol. 17 | iss. 81199 | p.255
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v17i8e199_app1.pdf&filename=7cfaf53204accf2c617713fb943c980b.pdf
https://jmir.org/api/download?alt_name=jmir_v17i8e199_app1.pdf&filename=7cfaf53204accf2c617713fb943c980b.pdf
http://www.healthit.gov/sites/default/files/consumeraccessdatabrief_9_10_14.pdf
http://www.webcitation.org/6YB0GfK4O
http://www.webcitation.org/6YB0GfK4O
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=19738266
http://dx.doi.org/10.1377/hlthaff.28.5.1475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19738266&dopt=Abstract
http://dx.doi.org/10.1001/jama.297.8.831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17327525&dopt=Abstract
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20442154
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20442154
http://dx.doi.org/10.1136/jamia.2009.001750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20442154&dopt=Abstract
http://dx.doi.org/10.1001/jama.2012.7115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22735360&dopt=Abstract
http://stroke.ahajournals.org/cgi/pmidlookup?view=long&pmid=17194888
http://dx.doi.org/10.1161/01.STR.0000254457.38901.fb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17194888&dopt=Abstract
http://www.biomedcentral.com/1472-6963/6/131
http://dx.doi.org/10.1186/1472-6963-6-131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17029643&dopt=Abstract
http://dx.doi.org/10.1056/NEJMhpr0706165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18322289&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kleinetal

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

D'Amore JD, Mandel JC, Kreda DA, Swain A, KoromiaGA, Sundareswaran S, et al. Are Meaningful Use Stage 2 certified
EHRs ready for interoperability? Findings from the SMART C-CDA Collaborative. JAm Med Inform Assoc
2014;21(6):1060-1068 [FREE Full text] [doi: 10.1136/amiajnl-2014-002883] [Medline: 24970839]

Williams C, Mostashari F, Mertz K, Hogin E, Atwal P. From the Office of the National Coordinator: the strategy for
advancing the exchange of health information. Health Aff (Millwood) 2012 Mar;31(3):527-536 [FREE Full text] [doi:
10.1377/hithaff.2011.1314] [Medline: 22392663]

Adler-Milstein J, Jha AK. Health information exchange among US hospitals: who's in, whao's out, and why? Healthcare
2014 Mar;2(1):26-32. [doi: 10.1016/j.hjdsi.2013.12.005]

Furukawa MF, King J, Patel V, Hsiao C, Adler-Milstein J, Jha AK. Despite substantial progress In EHR adoption, health
information exchange and patient engagement remain low in office settings. Health Aff (Millwood) 2014
Sep;33(9):1672-1679. [doi: 10.1377/hithaff.2014.0445] [Medline: 25104827]

Burrington-Brown J, Fishel J, Fox L, Friedman B, Giannangelo K, Jacobs E, AHIMA e-HIM Personal Health Record Work
Group. Defining the personal health record. AHIMA rel eases definition, attributes of consumer health record. JAHIMA
2005 Jun; 76(6):24-25. [Medline: 15986557]

Tang PC, Ash JS, Bates DW, Overhage JM, Sands DZ. Personal health records: definitions, benefits, and strategies for
overcoming barriersto adoption. JAm Med Inform Assoc 2006;13(2):121-126 [ FREE Full text] [doi: 10.1197/jamia.M 2025]
[Medline: 16357345]

Blumenthal D, Tavenner M. The "meaningful use" regulation for electronic health records. N Engl JMed 2010 Aug
5;363(6):501-504. [doi: 10.1056/NEJM p1006114] [Medline: 20647183]

Ahern DK, Woods SS, Lightowler MC, Finley SW, Houston TK. Promise of and potential for patient-facing technologies
to enable meaningful use. Am J Prev Med 2011 May;40(5 Suppl 2):S162-S172. [doi: 10.1016/j.amepre.2011.01.005]
[Medline: 21521591]

Kruse CS, Bolton K, Freriks G. The effect of patient portals on quality outcomes and itsimplications to meaningful use: a
systematic review. J Med Internet Res 2015;17(2):e44 [FREE Full text] [doi: 10.2196/jmir.3171] [Medline: 25669240]
Office of the National Coordinator. 2014. ONC 2014 Edition EHR Certification Criteria Grid Mapped to Meaningful Use
Stage 2 URL : http://www.healthit.gov/sites/defaul t/fil es/2014editionehrcertificationcriteria_mustage?.pdf [accessed
2014-09-08] [WebCite Cache ID 6YAE4176Ve0]

Blue Button. 2014. URL : http://healthit.gov/patients-families/your-health-data [ accessed 2015-06-30] [WebCite Cache ID
6ZfmHCIOE]

Nazi K. US Department of Veterans Affairs. 2010. VA's Blue Button: empowering peoplewith their data URL : http://www.
blogs.va.gov/VAntage/866/vas-bl ue-button-empowering-peopl e-with-their-datal [accessed 2015-06-24] [WebCite Cache
ID 6ZYKbil1K]

Hogan TR, Nazi KM, Luger TM, Amante DJ, Smith BM, Barker A, et al. Technology-assisted patient accessto clinical
information: an evaluation framework for blue button. IMIR Res Protoc 2014;3(1):e18 [FREE Full text] [doi:
10.2196/resprot.3290] [Medline: 24675395]

Healthl T.gov. 2014. About the Blue Button Pledge URL : http://www.healthit.gov/patients-families/pledge-about [accessed
2015-06-25] [WebCite Cache |ID 62Y J5cFOE]

Narcisi J. Workgroup for Electronic Data Interchange Blue Button Initiative Survey Results. 2015. URL: http://wedi.org/
docs/public-policy/full-comment-l etter-and-summary-of -survey-resul ts.pdf 2sfvrsn=0 [accessed 2015-06-25] [WebCite
Cache ID 6ZYKLHSwWW]

Department of Veterans Affairs. 2011 Survey of Veteran Enrollees’ HealthReliance upon VA. 2012 Mar. URL: http://www.
va.gov/healthpolicyplanning/soe2011/s0e2011 report.pdf [accessed 2015-06-25] [WebCite Cache ID 6Z2Y KPbA 4]
Nayar B, Apenteng B, Yu F, Woodbridge P, Fetrick A. Rural veterans' perspectives of dua care. JCommunity Health 2013
Feb;38(1):70-77. [doi: 10.1007/s10900-012-9583-7] [Medline: 22772840]

Veterans Access, Choice, and Accountability Act of 2014. 2014. URL : http://www.gpo.gov/fdsys/pka/BILL S-113hr3230enr/
pdf/BIL L S-113hr3230enr.pdf [accessed 2015-04-30] [WebCite Cache ID 6YAFJFqr]]

Turvey C, Klein D, Fix G, Hogan TP, Woods S, Simon SR, et al. Blue Button use by patients to access and share health
record information using the Department of Veterans Affairs online patient portal. JAm Med Inform Assoc
2014;21(4):657-663. [doi: 10.1136/amigjnl-2014-002723] [Medline: 24740865]

Rogers E. Diffusion of Innovations, 5th Edition. New York: Free Press; 2003.

Venkatesh V, MorrisM, Davix G, Davis F. User acceptance of information technology: toward aunifed view. MIS Quarterly
2003;27(3):425-478.

Patton M. Qualitative Research and Evaluation Methods. Thousand Oaks, CA: Sage Publications; 2002.

Nayar P, Nguyen AT, Ojha D, Schmid KK, Apenteng B, Woodbridge P. Transitionsin dual care for veterans: non-federal
physician perspectives. J Community Health 2013 Apr;38(2):225-237. [doi: 10.1007/s10900-012-9604-6] [Medline:
22903804]

Howren MB, Cozad AJ, Kaboli PJ. Considering theissue of dual usein veterans affairs patients: implications & opportunities
for improved communication & counseling. Health Commun 2015 Aug;30(8):838-842. [doi: 10.1080/10410236.2014.930299]
[Medline: 25010429]

http://www.jmir.org/2015/8/e199/ JMed Internet Res 2015 | vol. 17 | iss. 8 1€199 | p.256

(page number not for citation purposes)


http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=24970839
http://dx.doi.org/10.1136/amiajnl-2014-002883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24970839&dopt=Abstract
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=22392663
http://dx.doi.org/10.1377/hlthaff.2011.1314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22392663&dopt=Abstract
http://dx.doi.org/10.1016/j.hjdsi.2013.12.005
http://dx.doi.org/10.1377/hlthaff.2014.0445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25104827&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15986557&dopt=Abstract
http://jamia.oxfordjournals.org/lookup/pmidlookup?view=long&pmid=16357345
http://dx.doi.org/10.1197/jamia.M2025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16357345&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp1006114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20647183&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2011.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21521591&dopt=Abstract
http://www.jmir.org/2015/2/e44/
http://dx.doi.org/10.2196/jmir.3171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25669240&dopt=Abstract
http://www.healthit.gov/sites/default/files/2014editionehrcertificationcriteria_mustage2.pdf
http://www.webcitation.org/6YAE4176Ve0
http://healthit.gov/patients-families/your-health-data
http://www.webcitation.org/6ZfmHCl0E
http://www.webcitation.org/6ZfmHCl0E
http://www.blogs.va.gov/VAntage/866/vas-blue-button-empowering-people-with-their-data/
http://www.blogs.va.gov/VAntage/866/vas-blue-button-empowering-people-with-their-data/
http://www.webcitation.org/6ZYKbil1k
http://www.webcitation.org/6ZYKbil1k
http://www.researchprotocols.org/2014/1/e18
http://dx.doi.org/10.2196/resprot.3290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24675395&dopt=Abstract
http://www.healthit.gov/patients-families/pledge-about
http://www.webcitation.org/6ZYJ5cFOE
http://wedi.org/docs/public-policy/full-comment-letter-and-summary-of-survey-results.pdf?sfvrsn=0
http://wedi.org/docs/public-policy/full-comment-letter-and-summary-of-survey-results.pdf?sfvrsn=0
http://www.webcitation.org/6ZYKLHSwW
http://www.webcitation.org/6ZYKLHSwW
http://www.va.gov/healthpolicyplanning/soe2011/soe2011_report.pdf
http://www.va.gov/healthpolicyplanning/soe2011/soe2011_report.pdf
http://www.webcitation.org/6ZYKPbAS4
http://dx.doi.org/10.1007/s10900-012-9583-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22772840&dopt=Abstract
http://www.gpo.gov/fdsys/pkg/BILLS-113hr3230enr/pdf/BILLS-113hr3230enr.pdf
http://www.gpo.gov/fdsys/pkg/BILLS-113hr3230enr/pdf/BILLS-113hr3230enr.pdf
http://www.webcitation.org/6YAFJFqrj
http://dx.doi.org/10.1136/amiajnl-2014-002723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24740865&dopt=Abstract
http://dx.doi.org/10.1007/s10900-012-9604-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22903804&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2014.930299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25010429&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kleinetal

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

Ancker JS, Witteman HO, Hafeez B, Provencher T, Van de Graaf M, Wel E. Theinvisiblework of personal health information
management among people with multiple chronic conditions: qualitative interview study among patients and providers. J
Med Internet Res 2015;17(6):e137 [FREE Full text] [doi: 10.2196/jmir.4381] [Medline: 26043709]

Rassin M, ZilchaL, Berger M, Silner D. Persona medical documents management--how patients perceive, keep and manage
their medical documents: aqualitative study. Int JNurs Stud 2007 Aug;44(6):862-868. [doi: 10.1016/j.ijnurstu.2006.03.005]
[Medline: 16678180]

Kerns JW, Krist AH, Longo DR, Kuzel AJ, Woolf SH. How patients want to engage with their personal health record: a
qualitative study. BMJOpen 2013;3(7):€002931 [FREE Full text] [doi: 10.1136/bmjopen-2013-002931] [Medline: 23901027]
Emani S, Yamin CK, PetersE, Karson AS, Lipsitz SR, Wald JS, et al. Patient perceptions of a personal health record: a
test of the diffusion of innovation model. JMed Internet Res 2012;14(6):€150 [ EREE Full text] [doi: 10.2196/jmir.2278]
[Medline: 23128775]

Ingtitute for Health Technology Transformation. Population Health Management: A Roadmap for Provider-Based Automation
in aNew Eraof Healthcare. New York: Institute for Health Technology Transformation; 2012. URL : http://ihealthtran.
com/pdf/PHM Report.pdf [accessed 2015-04-30] [WebCite Cache ID 6YAFelmfh]

OMalley AS, Grossman JM, Cohen GR, Kemper NM, Pham HH. Are electronic medical records helpful for care
coordination? Experiences of physician practices. J Gen Intern Med 2010 Mar;25(3):177-185 [FREE Full text] [doi:
10.1007/s11606-009-1195-2] [Medline: 20033621]

Deering M. Issue Brief: Patient-Generated Heatlh dataHealth I T. 2013. URL : http://www.healthit.gov/sites/default/files/
pahd_brief_final 122013.pdf [accessed 2015-06-25] [WebCite Cache ID 6Z2Y JkgY Z7]

Nazi KM, Turvey CL, Klein DM, Hogan TP, Woods SS. VA OpenNotes: exploring the experiences of early patient adopters
with access to clinical notes. JAm Med Inform Assoc 2015 Mar;22(2):380-389. [doi: 10.1136/amiajnl-2014-003144]
[Medline: 25352570]

Working for Quality. 2011. 2011 report to Congress: National strategy for quality improvementsin healthcare URL : http:/
/www.ahrg.gov/workingforquality/ngqs/ngs2011annirpt.htm [accessed 2015-06-25] [WebCite Cache ID 6ZY K33ism]
Schnipper JL, Gandhi TK, Wald JS, Grant RW, Poon EG, Volk LA, et a. Effects of an online personal health record on
medication accuracy and safety: a cluster-randomized trial. JAm Med Inform Assoc 2012;19(5):728-734 [ FREE Full text]
[doi: 10.1136/amiajnl-2011-000723] [Medline: 22556186]

Wright A, Poon EG, Wald J, Feblowitz J, Pang JE, Schnipper JL, et al. Randomized controlled trial of health maintenance
reminders provided directly to patients through an electronic PHR. J Gen Intern Med 2012 Jan;27(1):85-92 [FREE Full
text] [doi: 10.1007/s11606-011-1859-6] [Medline: 21904945]

Bhavnani V, Fisher B, Winfield M, Seed P. How patients use access to their electronic GP record--a quantitative study.
Fam Pract 2011 Apr;28(2):188-194 [FREE Full text] [doi: 10.1093/fampra/cmq092] [Medline: 21084568]

Delbanco T, Walker J, Bell SK, Darer JD, Elmore JG, Farag N, et al. Inviting patients to read their doctors notes: a
quasi-experimental study and alook ahead. Ann Intern Med 2012 Oct 2;157(7):461-470 [FREE Full text] [doi:
10.7326/0003-4819-157-7-201210020-00002] [Medline: 23027317]

de Jong CC, Ros WJ, Schrijvers G. The effects on health behavior and health outcomes of Internet-based asynchronous
communication between health providers and patients with a chronic condition: a systematic review. JMed Internet Res
2014;16(1):e19 [FREE Full text] [doi: 10.2196/jmir.3000] [Medline: 24434570]

Lincoln YS, Guba EG. But isit rigorous? Trustworthiness and authenticity in naturalistic evaluation. New Directions for
Program Evaluation 1986 ;1986(30):73-84. [doi: 10.1002/ev.1427]

Abbreviations

CADRE: Comprehensive Access and Delivery Research and Evaluation
CCD: Continuity of Care Document

EHR: electronic health records

HIE: health information exchanges

PHR: personal health records

VA: Veterans Affairs

http://www.jmir.org/2015/8/€199/ JMed Internet Res 2015 | vol. 17 | iss. 8 [e199 | p.257

(page number not for citation purposes)


http://www.jmir.org/2015/6/e137/
http://dx.doi.org/10.2196/jmir.4381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26043709&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2006.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16678180&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=23901027
http://dx.doi.org/10.1136/bmjopen-2013-002931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23901027&dopt=Abstract
http://www.jmir.org/2012/6/e150/
http://dx.doi.org/10.2196/jmir.2278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23128775&dopt=Abstract
http://ihealthtran.com/pdf/PHMReport.pdf
http://ihealthtran.com/pdf/PHMReport.pdf
http://www.webcitation.org/6YAFe1mfh
http://europepmc.org/abstract/MED/20033621
http://dx.doi.org/10.1007/s11606-009-1195-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20033621&dopt=Abstract
http://www.healthit.gov/sites/default/files/pghd_brief_final122013.pdf
http://www.healthit.gov/sites/default/files/pghd_brief_final122013.pdf
http://www.webcitation.org/6ZYJkgYZ7
http://dx.doi.org/10.1136/amiajnl-2014-003144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25352570&dopt=Abstract
http://www.ahrq.gov/workingforquality/nqs/nqs2011annlrpt.htm
http://www.ahrq.gov/workingforquality/nqs/nqs2011annlrpt.htm
http://www.webcitation.org/6ZYK33ism
http://jamia.oxfordjournals.org/lookup/pmidlookup?view=long&pmid=22556186
http://dx.doi.org/10.1136/amiajnl-2011-000723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22556186&dopt=Abstract
http://europepmc.org/abstract/MED/21904945
http://europepmc.org/abstract/MED/21904945
http://dx.doi.org/10.1007/s11606-011-1859-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21904945&dopt=Abstract
http://fampra.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=21084568
http://dx.doi.org/10.1093/fampra/cmq092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21084568&dopt=Abstract
http://europepmc.org/abstract/MED/23027317
http://dx.doi.org/10.7326/0003-4819-157-7-201210020-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23027317&dopt=Abstract
http://www.jmir.org/2014/1/e19
http://dx.doi.org/10.2196/jmir.3000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24434570&dopt=Abstract
http://dx.doi.org/10.1002/ev.1427
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kleinetal

Edited by G Eysenbach; submitted 30.04.15; peer-reviewed by C Kruse, J N; comments to author 24.05.15; revised version received
01.07.15; accepted 16.07.15; published 18.08.15.

Please cite as.

Klein DM, Fix GM, Hogan TP, Smon SR, Nazi KM, Turvey CL

Use of the Blue Button Online Tool for Sharing Health Information: Qualitative Interviews Wth Patients and Providers
J Med Internet Res 2015;17(8):€199

URL: http://www.jmir.org/2015/8/e199/

doi:10.2196/jmir.4595
PMID: 26286139

©Dawn M Klein, Gemmae M Fix, Timothy P Hogan, Steven R Simon, Kim M Nazi, Carolyn L Turvey. Originaly published in
the Journal of Medical Internet Research (http://www.jmir.org), 18.08.2015. Thisis an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
aswell asthis copyright and license information must be included.

http://www.jmir.org/2015/8/e199/ JMed Internet Res 2015 | vol. 17 | iss. 81199 | p.258
(page number not for citation purposes)

RenderX


http://www.jmir.org/2015/8/e199/
http://dx.doi.org/10.2196/jmir.4595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26286139&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Direito et &

Original Paper

Apps for IMproving FITness and Increasing Physical Activity
Among Young People: The AIMFIT Pragmatic Randomized
Controlled Trial

Artur Direito’, MSc; Yannan Jiang*, PhD; Robyn Whittaker', PhD; Ralph Maddison', PhD
Faculty of Medical and Health Sciences, National Institute for Health Innovation, University of Auckland, Auckland, New Zealand

Corresponding Author:

Artur Direito, MSc

Faculty of Medical and Health Sciences
National Institute for Health Innovation
University of Auckland

National Institute for Health Innovation, School of Population Health, University of Auckland
Private Bag 92019, Auckland Mail Centre
Auckland, 1142

New Zealand

Phone: 64 9 373 7599 ext 85285

Fax: 64 93731710

Email: a.direito@auckland.ac.nz

Abstract

Background: Giventheglobal prevalence of insufficient physical activity (PA), effective interventionsthat attenuate age-related
declinein PA levels are needed. Mobile phone interventions that positively affect health (mHealth) show promise; however, their
impact on PA levels and fitness in young peopleis unclear and little is known about what makes a good mHealth app.

Objective:  The aim was to determine the effects of two commercially available smartphone apps (Zombies, Run and Get
Running) on cardiorespiratory fithess and PA levelsin insufficiently active healthy young people. A second aim was to identify
the features of the app design that may contribute to improved fitness and PA levels.

Methods: Apps for IMproving FITness (AIMFIT) was a 3-arm, parallel, randomized controlled trial conducted in Auckland,
New Zealand. Participants were recruited through advertisements in electronic mailing lists, local newspapers, flyers posted in
community locations, and presentations at schools. Eligible young people aged 14-17 years were allocated at random to 1 of 3
conditions: (1) use of an immersive app (Zombies, Run), (2) use of a nonimmersive app (Get Running), or (3) usual behavior
(contral). Both smartphone apps consisted of afully automated 8-week training program designed to improve fithess and ability
to run 5 km; however, theimmersive app featured a game-themed design and narrative. I ntention-to-treat analysis was performed
using data collected face-to-face at baseline and 8 weeks, and all regression models were adjusted for baseline outcome value
and gender. The primary outcome was cardiorespiratory fitness, objectively assessed as time to complete the 1-mile run/walk
test at 8 weeks. Secondary outcomeswere PA levels (accel erometry and self-reported), enjoyment, psychol ogical need satisfaction,
self-efficacy, and acceptability and usability of the apps.

Results: A total of 51 participants were randomized to the immersive app intervention (n=17), nonimmersive app intervention
(n=16), or the control group (n=18). The mean age of participantswas 15.7 (SD 1.2) years; participantswere mostly NZ Europeans
(61%, 31/51) and 57% (29/51) were female. Overall retention rate was 96% (49/51). There was no significant intervention effect
on the primary outcome using either of the apps. Compared to the control, time to complete the fitness test was —28.4 seconds
shorter (95% CI —66.5 to 9.82, P=.20) for the immersive app group and —24.7 seconds (95% Cl —63.5 to 14.2, P=.32) for the
nonimmersive app group. No significant intervention effects were found for secondary outcomes.

Conclusions:  Although apps have the ability to increase reach at alow cost, our pragmatic approach using readily available
commercia apps as a stand-alone instrument did not have a significant effect on fitness. However, interest in future use of PA
appsis promising and highlights a potentially important role of these toolsin amultifaceted approach to increase fithess, promote
PA, and consequently reduce the adverse health outcomes associated with insufficient activity.
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Introduction

Worldwide, 80.3% (95% CI 80.1-80.5) of adolescents aged 13
to 15 years do not achieve current physical activity (PA)
recommendations [1]. New Zealand mirrors these data with
67.7% in the age group of 15 to 19 years not complying with
these guidelines [2]. A recent analysis of 50 studies including
more than 25 million fitness test results of young people aged
9 to 17 years from 28 countries reported global declines of
cardiorespiratory fitness (CRF) of approximately 5% every
decadefrom 1970 to 2000 [3]. Insufficient activity isassociated
with increased risk of chronic diseases, such as cardiovascular
diseases, type 2 diabetes mellitus, some types of cancer, and
premature death [4,5]. Likewise, lower levels of CRF, an
important marker of overall physiologic health [6,7] sensitive
to patterns of PA, also predict future morbidity and mortality
[8,9]. Increasing levels of PA and CRF in young people are
important public health priorities for enhancing health,
well-being, and preventing disease [10].

Physical activity declines with age throughout adolescence
[2,11,12] and tracks into adulthood [13], making this an
important time to intervene. Common approachesfor intervening
in this population have included school-based programs because
schools integrate amost all young people. A Cochrane
systematic review of school-based PA interventions targeting
areas such as curriculum, teacher training, educational materials,
and accessibility to exercise equipment (44 randomized
controlled trials [RCTs], N=36,593, age 6-18 years) provided
some evidence of effectiveness for increasing time spent in
moderate-to-vigorous intensity PA (MVPA) from 5 to 45
minutes more per day and CRF (VO,pey) from 1.6 to 3.7
mL/kg/min [14]. However, caution interpreting these findings
iswarranted because theincluded studieswere at moderate risk
of bias, with the majority having relied on self-reported activity
[15]. Notably, a 2012 meta-analysis (30 RCTs, N=14,326, age
<16 years), which differsfrom previous systematic reviews [ 16]
in that it only included studies with accelerometry-measured
outcomes (ie, objectively measured), showed small treatment
effects for both total PA (standardized mean difference 0.12,
95% CI 0.04-0.20, P<.01) and MVPA (standardized mean
difference 0.16, 95% Cl 0.08-0.24, P<.001) [17]. Theseresults
trandateinto approximately 4 minutes more walking or running
per day, amodest increase with limited clinical significance.

Many existing interventions, including school-based
interventions, are limited because they are resource intensive.
Young people are considered a hard-to-reach group and typically
have limited adherence or exposure to PA interventions [16].
Therefore, novel approaches are crucial to engage those who

http://www.jmir.org/2015/8/e210/

are insufficiently active to encourage good health [18]. Given
young peoples’ ubiquitous use of mobile phones and increased
digital literacy [19,20], interventions leveraging thistechnology
may provide a promising intervention for this population.

Young people are early adopters of new consumer technol ogy,
such as smartphones and apps. Smartphone ownership among
young peopleison therise, having increased from 23%in 2011
to 37% in 2012 in the United States, with similar distribution
across ethnicity and family income [21]. Moreover, 58% of all
US young people aged 12 to 17 years reported having
downloaded apps compared to 34% of adults [22]. Likewise,
digital divides have decreased between 2007 and 2013 in New
Zealand [23], with 75% of high-income families reporting
household accessto asmartphone compared with 52% for those
with lower income [24]. Alongside the increased ownership of
smartphones, there has been aproliferation of appsin the major
platform operators’ app stores, which currently offer morethan
100,000 mHealth apps [25]. Consumers looking for help via
their smartphone face an immense number of mHealth apps
[26] and the majority of these (31%) are fitness apps [25]. This
high engagement with mobile technology offers an idedl
opportunity to leverage the benefits of mobile interventions for
health (mHealth), including lower participant burden and
flexibility [27].

The effectiveness of mHealth-delivered interventionsto promote
PA that use texting or short message service (SMS) [28,29],
personal digital assistants (PDAS) [30], and appsin addition to
other components [31] has been examined. Unlike SMS text
messaging, which hasasubstantial body of literature supporting
its use, more complex interventions that capitalize on the
computational power of smartphones have only recently been
developed. Particularly, few studies have used an entirely
mHealth device-based approach to deliver health behavior
change interventions [32]. Most [33,34] include other
components, such asawebsite, individual face-to-face or group
sessions, phone calls, print materials, or pedometers, making it
impossible to tease out the specific effects of each component.
Thus, at present, thereisalack of scientific evidence assessing
publicly available apps to promote PA. Because these apps are
commercialy available to the public on app stores and because
fitness apps are currently the most popular (78% of usersin
2014 compared to 39% in 2013 [35]), it is important to
determine whether popular/commonly downloaded apps are
effective [36].

Therefore, the primary aim of the Appsfor IMproving FI Tness
(AIMFIT) trial wasto evaluate the effectiveness of two popular
commercialy available smartphone apps [37] for improving
CRF in young people aged 14 to 17 years compared to usual
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behavior alone (the control). Secondary aimswereto determine
the effect on PA levels, enjoyment, psychological need
satisfaction, and self-efficacy. Perceptions of usability and
acceptability of the apps were also assessed.

Methods

Trial Design

A 3-arm parallel RCT was conducted in Auckland, New
Zedland. Details on the rationale, design, and methods have
been previously described [38]. Ethics approval was obtained
from the University of Auckland Human Participants Ethics
Committee (10054/2013) and the study was conducted according
to the principles of the Declaration of Helsinki. There were no
deviationsto methods after trial commencement. All participants
(and guardiansfor participants younger than 16 years) provided
written informed consent. The trial was registered (Australian
New Zealand Clinical Trials Registry:
ACTRN12613001030763) in accordance with therequirements
of the International Committee of Medical Journal Editors and
reported in accordance with the CONSORT statement [39] and
the CONSORT-EHEALTH extension [40] (see Multimedia
Appendix 1). A brief description of the proceduresis provided.

Participants

Participants were recruited through advertisementsin electronic
mailing lists, local newspapers, schools, and flyers posted in
community locations. Consenting schoolsand churchesallowed
the researcher to present a brief outline of the study. Those
interested provided contact details and their eligibility was
assessed viatelephone. If eligible, participant information and
informed consent documentation were either mailed or emailed
and participants were schedul ed to attend aface-to-face baseline
assessment at the university.

Eligible participants were aged 14 to 17 years, lived in
Auckland, owned an iPod touch or smartphone running at least
Android 2.2 or iOS 6.0, and were able to perform physical
activities but were not achieving [41] the PA recommendations
(ie, at least 60 minutes of MV PA each day). Exclusion criteria
were a medical condition limiting ability to exercise safely,
previous use of the apps of interest, and inability to comply with
the study protocol. Only 1 child per household was eligible to
take part.

Randomization

Participants were enrolled by author AD and were randomly
assigned at a 1:1:1 ratio to 1 of 3 conditions. Stratified block
randomization in variable blocks was used to maintain balance
across gender, an important prognostic factor [2,42]. A
biostatistician (YJ) prepared the randomization scheme in
advance by using a computer-generated randomization table.
Based on the randomization scheme, a research assistant
prepared opaque-seal ed envel opes containing group referral so
that the researcher could not identify group assignment. The
envel ope was opened by each participant after completion of
baseline assessment. Given the nature of theintervention, it was
not possible to blind participants. However, allocation
conceal ment was maintained up to the point of randomization.

http://www.jmir.org/2015/8/e210/
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Interventions

Commercially available apps targeting fitness were identified
during previous work evaluating the most popular (ie, top-20
free and top-20 paid) downloaded appsin the Health and Fitness
Category of the iTunes New Zealand store [37]. The control
group was compared against 2 other groups, each using an app
to promotefitness available on both of the major platforms’ app
stores (i Tunes and Google Play Store). The 2 intervention groups
allowed comparison of an identical delivery approach (ie,
stand-alone app), but with distinct design features: (1) use of
an immersive app or (2) use of anonimmersive app. Both apps
consisted of afully automated 8-week training program designed
to improve fitness and ability to run 5 km; however, the
immersive app featured a game-themed design whereby the
training program was embedded with a story where the user is
trained to collect supplies and protect a town from zombies.
Effective self-regulatory behavior change techniques [43,44]
underlie the apps, which alow the users to self-monitor and
receive feedback on their training. The apps provided
information on running and technique, audio instructions on
how to perform the training components, and tracked and
displayed progress throughout the program. Other features of
the apps include the ability to work out with music on the
device'slibrary and linksto associated websitesto interact with
other users.

Participants randomized to the immersive app group received
the Zombies, Run! 5K Training app developed by Six to Start
with Naomi Alderman for iOS and the Android platform. It was
released worldwidefor iOS on October 2012. Even though data
on number of downloads is not publicly available, the Google
Play Store reports 100,000 to 500,000 installs of this app, and
the Zombies, Run! community has more than 800,000 players
worldwide [45]. Those randomized to the nonimmersive app
group received the Get Running-Couch to 5k app, developed
by Splendid Things and Benjohn Barnes for iOS and the
Android platform. It was released worldwide for Android on
July 2009 and the Google play Store reports 10,000 to 50,000
installs of thisapp [46]. Whilethetria was conducted, the apps
cost NZ $2.45 to $4.19, depending on the app store. Given the
commercialized nature of the apps, updates occurred during the
trial; however, no mgjor changes affected their content or the
intervention. Videos detailing the features of the apps can be
accessed via links on the preceding references.

Following randomization, the respective app was paid for and
installed by AD on each participant’s mobile device and ashort
instruction on the features and settings of the app was given.
Participants were encouraged to use their app 3 times per week
and work their way through each of the workouts, but because
this was a pragmatic study [47], access and usage was allowed
to vary (ie, participants were able to use at their own pace, ad
libitum, asit would occur on an “everyday life” setting). There
were no cointerventions, no supplementary modes of delivery,
nor usage of prompts (ie, emails, phone calls, SM Stext message)
to use the app.

Control Group

The control group was asked to continue with their usual
physical activities for the duration of the study and was not
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offered any information about increasing PA. Both apps were
provided (free of charge) to participants after trial completion.

Procedure

Assessments were conducted at baseline and 8 weeks at the
university by AD. Participants were assessed individually. At
both time points, participants completed a field test of CRF (1
mile run/walk test), had their height and weight measured,
self-reported their physical activity and related psychological
variables, were given an Actigraph accelerometer to wear for
the following 7 days (to provide an objective assessment of
their free-living PA), and completed a booklet detailing their
accelerometer use. AD collected the accelerometers and bookl ets
from the participants' homes (during the randomization visit
that took place after the baseline assessment and at thelast visit
after the follow-up assessment). Follow-up assessments were
not blinded. Participants received aNZ $10 gift card to alocal
shopping center for each visit to complete study measures (ie,
maximum Nz $30 for 3 visits). The vouchers were not
conditiona on usage of the app; they were offered to compensate
for participants’ time and encourage completion of study
measures.

Outcomes

The primary outcome was CRF, assessed with the 1-mile
run/'walk test. Following the procedures outlined in the
Fitnessgram test administration manual, participants were
instructed to run and/or walk at their own pace until completing
the distance in the shortest possible time [48]. The output, in
seconds, was used to estimate VO, Using a validated

prediction equation [49].

Secondary outcomes included anthropometrics, self-reported
PA and associated psychological variables, objectively measured
PA, and self-reported acceptability and usability of the apps
assessed via an exit survey conducted with intervention
participants. A series of closed and open-ended questions were
asked to determine features perceived as more and less
acceptable as well as which features participants found more
useful to support their fitness. Body weight (in kg, without
shoes) was measured with a Salter scale to 1 decimal place.
Height was measured to the nearest 0.1 cm with a Seca
stadiometer. Two measurements were taken for each and the
means were used for analysis. Body mass index (BMI) was
caculated by using the standard equation (weight in
kilogramsg/height in meters squared). BMI-for-age was cal cul ated
using the World Health Organi zation (WHO) growth standards
macro [50].

Using instruments validated in this population, participants
self-reported (1) physical activity using the Physical Activity
Questionnaire for Adolescents (PAQ-A) [51,52], (2) perceived
enjoyment using the Physical Activity Enjoyment Scale
(PACES) [53,54], (3) perceived competence, autonomy, and
relatedness using the Psychological Need Satisfaction in
Exercise Scale (PNSES) [55], (4) salf-€fficacy using the Physical
Activity Self-Efficacy Scale (PASES) [56,57], and (5) frequency
of app utilization, acceptability, and usability of the app viaan
exit survey conducted with the participants in the intervention
groups.
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Participants were instructed to wear the accelerometer
(Actigraph GT1M) on their right hip during waking hours for
7 days after each assessment, removing it when engaging in
activities involving water and/or contact sports. A 10-second
epoch was used and data were aggregated into minute intervals
for subsequent processing. To determine valid wear time,
periods of morethan 60 minutes of consecutive zeroes and days
with lessthan 600 minutes of valid recordswere removed before
data analysis[58]. Participants were included in the analysesiif
they had 3 or more valid monitoring days[59]. Mean daily time
(min) spent in sedentary and light-to-vigorous activities was
calculated for each participant using the cut points proposed by
Evenson et al to categorize intensities [60,61].

Adverse events were collected at each study visit or voluntarily
reported by contacting the researcher. An adverse event was
considered seriousif it required hospitalization.

Sample Size Calculation

A total of 51 participants (17 per group) was estimated to
provide 80% power and a=.05 overall to detect a difference of
17 seconds in CRF, assuming a 15-second SD in time to
complete the 1-milerun/walk test between each of the conditions
compared to the control [62].

Statistical Analyses

Treatment evaluations were performed on the principle of
intent-to-treat, including all randomized participants as all ocated.
Statistical analyses were performed with SAS version 9.4
software (SAS Institute, Cary, NC, USA). All statistical tests
were 2-sided at a 5% significance level, with adjustment for
multiple comparisons on the primary outcome. Analysis of
covariance (ANCOVA) regression model was used to evaluate
the main treatment effects on the primary outcome, adjusting
for baseline measure and gender. Model -adjusted means, 95%
confidence intervals, and P values were estimated for each
group. Mean differences between groupsweretested. A similar
approach was used for secondary outcomes. Missing data on
the primary outcome were imputed with the baseline value.
Per-protocol analyses were conducted on those parti cipantswith
complete baseline and follow-up data and self-reported
adherence to the training program (ie, app used 3 times/week)
following the same procedures as in the intention-to-treat
analyses.

Results

Overview

Recruitment began October 2013 and finished in June 2014.
The fina follow-up visit was in September 2014. Figure 1
presents the participant flow diagram. Of 143 individuals
screened, 51 eligible participants were randomized to the
Zombies, Run immersive app intervention (n=17), the Get
Running nonimmersive app intervention (n=16), or the control
group (n=18). Baseline demographic characteristics of
participants are presented in Table 1.

Participants had a mean age of 15.7 years (SD 1.2, range 14-17

years) and a BMI of 22.9 (SD 4.3) kg/m?. The majority were
NZ European (61%, 31/51), whereas 22% (11/51) were Pacific

JMed Internet Res 2015 | vol. 17 | iss. 8 [€210 | p.262
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Direito et al

Idlanders, and 57% (29/51) werefemale. Follow-up assessments  group participants, and 17 (94%, 17/18) control group
at 8 weeks were completed for 17 (100%, 17/17) immersive  participants, which represents an overall retention rate of 96%

app group participants, 15 (94%, 15/16) nonimmersive app

Table 1. Baseline demographic and clinical characteristics.

(49/51) from baseline.

Characteristic Zombies, Run Get Running Control Total
n=17 n=16 n=18 N=51
Age (years), mean (SD) 15.78 (1.11) 15.69 (1.04) 15.55 (1.32) 15.67 (1.15)
Gender, n (%)
Male 8(47) 6 (39) 8(44) 22 (43)
Female 9 (53) 10 (63) 10 (56) 29 (57)
Ethnicity, n (%)
Maori 3(18) 0(0) 0(0) 3(6)
NZ European 9(53) 9 (56) 13(72) 31(61)
Pacific 4(24) 3(19) 4(22) 11 (22)
Asian 0(0) 3(19) 1(6) 4(8)
Other 1(6) 1(6) 0(0) 2(4)
BMI (kg/m 2 ), mean (SD) 23.17 (3.60) 21.85(3.14) 23.43(5.56) 22.85(4.25)
BMI-for-age® (z-score), mean (SD) 0.77 (0.86) 0.36 (0.93) 0.64 (1.46) 0.60 (1.12)
Device, n (%)
iPhone 8(47) 6 (38) 11 (61) 25 (49)
Android 5 (29) 7 (44) 5(28) 17 (33)
iPod Touch 4(24) 3(19) 2(11) 9(18)
Estimated VOppea” (ML/kg/min), mean (SD) 43,51 (6.11) 4358 (5.47) 44.20 (6.95) 4378 (6.12)
a\WHO growth reference.

b Prediction equation from 1-mile run/walk test.
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Figurel. Flow diagram of the Appsfor IMproving FI Tness (AIMFIT) trial. Those who were unabl e to compl ete the postintervention fitness assessment
dueto injury or sickness still completed self-reported outcomes and were included in all analyses.

Assessed for eligibility (n=143)

Excluded (n=92)

Not meeting inclusion criteria (n=34)
Age, too young/old (n=13/34)
Too active (n=16/34)
No device (n=5/34)

Declined to participate (n=31)

Other reasons (n=27)
Could not contact (n=21/27)
Logistic/unable to schedule (n=6/27)

v

Randomized (N=51)

Allocated to immersive app
intervention Zombies, Run (n=17)

Allocated to nonimmersive app
intervention Get Running (n=16)

Allocated to control group continue
usual physical activities (n=18)

\4

A 4

A 4

Lost to follow-up (n=0)

Lost to follow-up (n=1)
Could not contact (n=1)

Lost to follow-up (n=1)
Unable to schedule (n=1)

Analyzed (n=17)
Missing data for fitness test (n=1)

Analyzed (n=16)
Missing data for fitness test (n=2)

Analyzed (n=18)
Missing data for fitness test (n=1)

Primary Outcome

Table 2 lists the effects of the app interventions on the time to
complete the 1-mile walk/run fitness test and all secondary
outcomes at 8 weeks. On average, time to compl ete the fitness
test decreased in both app groups, but there were no statistically
significant differences observed between theintervention groups

http://www.jmir.org/2015/8/e210/
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and the control (immersive app group: adjusted mean difference
—28.4 sec, 95% Cl —66.5 to 9.8, P=.20; nonimmersive app
group: adjusted mean difference —24.7 sec, 95% Cl —63.5 to
14.2 sec, P=.32). To facilitate interpretation of test scores,
estimated VO, pe [49] at 8 weeks was 44.09, 44.59, and 43.44
mL/kg/min for the immersive app, nonimmersive app, and
control groups, respectively.
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Table 2. Treatment effects at 8 weeks.
Zombies, Run (1), Get Running (2),  Control (3),
Outcome mean (SD) mean (SD) mean (SD) Adjusted difference® (95% Cl) at 8 weeks
Base- 8week Base- 8week Base- 8week 1vs3 P 2vs3 P
line line line
Timetocomplete 1- 574.06 560.06 586.56 576.75 585.89 600.17 -28.36(—66.54,9.82) .20 -—24.67 (-63.51, .32
mile walk/run (sec) (145.68) (139.27) (129.74) (147.91) (600.17) (191.38) 14.18)
PAQ-A 2.20 227 2.09 231 2.30 221 0.14 (-0.26, 0.54 .78 0.23(-0.18,0.64) 42
(0.66) (0.53) (0.73) (0.74) (0.67) (0.62)
PACES 4,08 4,00 3.99 3.85 3.96 4,00 -0.10(-0.33,0.13) .62 —0.17 (-0.40, 0.06) .19
(0.47) (0.46) (0.46) (0.46) (0.58) (0.57)
PNSES 452 4.49 448 456 4,67 4,68 —-0.08 (-0.46, 0.31) .95 0.01(-0.38, 0.40) >P
(0.69) (0.78) (0.89) (0.56) (0.85) (0.76)
Competence 4,27 4.24 4.25 432 454 452 -0.08 (-0.67, 0.51) .98 0.03(-0.57,0.63) .99
(0.83) (0.94) (1.09) (0.94) (1.17) (1.22)
Autonomy 487 4,92 4,94 5.21 4,94 484 0.12 (-0.44, 0.69) .93 0.36(-0.22,0.94) .34
(0.98) (0.94) (0.78) (0.56) (0.99) (0.91)
Relatedness 4.40 431 4.26 414 453 4.67 —-0.26 (-0.88, 0.35) .65 —0.34(-0.97, 0.29) 45
(0.79) (0.87) (1.15) (0.91) (1.16) 1.27)
PASES 2.50 244 2.38 243 2.38 2.39 —0.02 (-0.24, 0.19) .99 0.04(-0.18, 0.26) .96
(0.32) (0.40) 0.47) (0.31) (0.41) (0.34)
Average daily valid 801.16 784.43 819.39 831.08 81559 814.12 -21.72(-84.00, 77 13.71(-49.56,76.99) .93
use (min) (87.85) (93.69) (85.45) (78.74) (57.14) (73.61) 40.56)
Averagedaily activity 354.27 341.21 269.97 27020 364.83 32753 17.74(-63.07,98.55) .93 0.90(-85.41,87.22) >D
counts (counts/min)  (123.75) (146.22) (82.72) (84.77) (153.81) (140.02)
Average daily time 526.63 53522 55364 570.63 52943 54818 —10.94(—69.83, .96 3.95(-56.26,64.16) .99
spent in sedentary ac-  (106.37) (113.90) (96.80) (95.58) (94.64) (94.11) 48.00)
tivities (min)
Average daily time 23741 21617 24446 23711 250.39 23540 -10.54 (-53.96, 91 4.12(-39.94,48.17) .99
spent in light PA (73.32) (67.46) (61.97) (58.45) (64.05) (63.89) 32.88)
(min)
Average daily time 30.28 25.07 17.03 18.03 25.52 22.33 1.42 (-7.96, 10.81) 98 -1.71(-11.51,810) .9
spent inmoderate PA  (14.28) (12.83) (7.81) (10.20) (13.75) (11.69)
(min)
Average daily time 6.84 7.97 4.26 5.30 10.26 8.22 1.26 (-3.82, 6.33) .90 0.52(-4.79,5.83) 99
spentinvigorous PA  (6.03) (9.16) (4.22) (4.39) (11.72) (9.22)
(min)
Average daily time 37.12 33.04 21.29 23.34 35.78 30.54 174 (-11.45,14.93) .98 -1.82(-16.00,12.36) .99
spentin MVPA (min) (16.84) (20.61) (11.25) (14.04) (2254) (17.99)

@ Adjusted for baseline, gender, and multiple comparisons.

Secondary Outcomes

No intervention effects were found for self-reported secondary
outcomes of physical activity (PAQ-A; immersive app group:
adjusted mean difference 0.14, 95% CI —0.26 to 0.54, P=.78;
nonimmersive app group: adjusted mean difference 0.23, 95%
Cl -0.18t00.64, P=.42) or its predictors of perceived enjoyment
(PACES), perceived competence, autonomy, and relatedness
(PNSES), or self-efficacy (PASES) (see Table 2 for all
outcomes).

For accelerometry, 48 of 51 (94%) participants provided valid
datafor analysis at baseline, whereas compliance with wearing
the device slightly decreased at postintervention (46/51, 90%).
Group assignment did not have a significant effect on overall

http://www.jmir.org/2015/8/e210/

activity (ie, mean counts per minute) or mean daily time spent
in MVPA. Compared to the control group, mean baseline daily
time spent in MVPA-, gender-, and multiple
comparisons-adjusted time in MV PA difference was 1.74 min
(95% Cl —11.45t0 14.93, P=.98) and —1.82 min (95% CI —16.00
to 12.36, P=.99) for the immersive and nonimmersive app
groups, respectively.

A total of 6 adverse events (1 serious) were reported in 6
participants, 4 of which wereinthe control group (ankleinjury-2
events, lower back pain, and hospitalization because of tonsils
removal) and 1 in each of theintervention groups (ankleinjury-2
events). None of the adverse events were deemed related to the
study intervention.

JMed Internet Res 2015 | vol. 17 | iss. 8 [e210 | p.265
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Approximately two-thirds of participants in the intervention
groups reported using the app either 2 (10/32, 31%) or 3 times
per week (10/32, 31%), whereas 8 of 32 (25%) only used it 1
time per week (see Multimedia Appendix 2). No differences
were evident on timing of use (ie, weekday, weekend, morning,
afternoon, evening). Appswere mostly used outdoors (eg, street,
park vs gym, hometreadmill) and while alone (h=13 alone, n=7
with friend, and n=9 with family).

For the app Zombies, Run!, the features mostly used by
participantswere the “workout missiontasks’ (n=14) and “ story
and run log” of completed workouts (n=10), whereas social
networking features (“share my runs’: n=0; “ZombieLink
account” : n=3) were seldom or never used. Resultswere similar
when participants reported the features they liked (“workout
mission tasks’: n=14; “story and run log”: n=8) and disliked
(“share my runs’: n=5; “ZombieLink account”: n=5).

For the app Get Running, the feature mostly used by participants
was the description of the “week-runs’ (n=13), whereasonly 1
participant reported using the social networking feature “ status
updates.” The description of the “week-runs’ was aso the
feature participants predominantly liked (n=11), whereas the
main feature disliked was the “status updates’ (n=3).

Regardless of the app used, similar themes emerged when
participants reported their willingness and motives to continue
using their app after study participation. Those willing to
continue stated personal benefits (eg, “It will help me to build
my fitness’, “Because | can improve how far | run’) and
app-related motives (eg, “A fun way to get fit”, “Because it is
an enjoyable aternative to exercise”). For those unwilling to
continue, “not enough time” was the most common barrier,
followed by lack of interest (eg, “1 didn’t find the app engaging
enough”). The nonimmersive app received | ess positive feedback
around motivational aspects (eg, “Using the app became too
tedious’).

Overall, participants perceived the layout of the apps and menus
as well structured and “straightforward” to use. Being able to
receive clear instructions (eg, “ Tellsme what to do and when™),
listen to their own music during the training sessions, task
difficulty increasing gradually, and encouragement provided
were features highlighted as useful to support participants
fitness. Some also considered it helpful if the app allowed
choosing between different goals and activities (eg, “1 prefer to
run to my own goals’). For the immersive app, the storyline
(“The back story made it interesting”) and the ability to track
progress (ie, app used the device's Global Positioning System
[GPS] and/or accelerometer to log distance) (eg, “It recordsthe
distance you ran and your time so you are able to view it for
next time and compare”) were also reported as important
features.

The majority of participants (21/32, 66%) had no prior
experience of using their smartphonefor PA purposes. Examples
of prior experience included listening to music while engaging
in PA or previous use of free apps (eg, MyFitnessPal). Overall,
81% (26/32) were interested in trying different PA-promoting
apps in the future.

http://www.jmir.org/2015/8/e210/
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In prespecified per-protocol analyses (ie, the app was used 3
times/week), there were statistically significant differences
observed on the primary outcome between the nonimmersive
app group and the control (adjusted mean difference —79.39
sec, 95% Cl —133.01 to —25.77, P=.003). Time to compl ete the
fitnesstest a so decreased for theimmersive app group compared
to the control, with the difference not meeting statistical
significance (adjusted mean difference —55.29 sec, 95% ClI
—111.46t0 0.88, P=.06). No intervention effectswere found for
self-reported secondary outcomes of PA, its predictors, or
accelerometry.

Discussion

Principal Findings

This is the first randomized trial comparing the effects of a
stand-al one immersive mobile app and a nonimmersive app on
CRF, PA levels, and its predictorsin young people. Key findings
werethat fitnessimproved in both app groups, but these did not
significantly differ from the control. Despite the availability of
readily available commercia apps to improve health behavior,
these findings suggest that, compared to usual care, no major
improvements were found for these 2 top downloaded apps.

The small increases in fitness in the present trial (0.6 to 1.0
mL/kg/min) were lower than those observed in a Cochrane
review of school-based PA interventions, which found increases
of 1.6 to 3.7 mL/kg/min in VO,pey [14]. Similarly, Baquet et
al [63], who reviewed the effects of training programsin young
peopl€e's aerobic fitness, showed improvements on average of
5% t0 6% in VO,pey, Whereas fitness only improved 1.3% to
2.3% in this study. The training programs of the apps were
consistent with the frequency and duration of programs shown
toimprove VO,pe [63] (i€, incorporating 3 sessions per week,
each lasting 30 minutes to 1 hour). However, use of the apps
during the AIMFIT study was ad libitum and not closely
monitored, which ishow app usewould likely occur inred life.
Smaller fithess improvements in the current study can most
likely be attributed to lower adherence to app use (only 31.3%
reported using 3 times/week) or due to participants not having
exercised at asufficient intensity to produce larger fithess effects
[63], as observed by no changes in accelerometry-measured
MVPA.

Although apps have the potential to increase the reach of health
behavior changeinterventions, our results mirror recent research
highlighting that only some participants will consistently use
an offered app (approximately 20%) [64] or sustain use over
time (approximately 3%) [65]. App design, features, and
usability are important factors that impact users' engagement
with an app. Although in AIMFIT both app groups produced
comparable fithess effects, the design and features of the
immersive app received more positive feedback (and no dropout)
and, therefore, these aspects should be considered for future
app development. Although typical app useisintermittent [65]
and unlikely to induce the more intensive type of immersion
observed in other videogame play, incorporating gaming
elementsthat entanglethe virtual world (ie, |eisure) with actual
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experience (ie, exertion) could potentially increase user
engagement and sustained use.

An important consideration of app content is whether or not
they incorporate behavior change techniques (BCTs). Further,
modeling, providing consequences for behavior, providing
information on others’ approval, prompting intention formation,
self-monitoring, and a behaviora contract were identified as
effective BCTs for increasing PA in young people in a recent
meta-regression [66]. A notable exception is providing
instruction, which was associated with decreased effectiveness
of PA interventionsin young people, but has been shown to be
highly present in top-ranked PA apps [37], including the ones
hereby investigated. Providing instructionsand not incorporating
other effective BCTs or incorrectly applying BCTs (ie, not
considering the parameters for them to be effective) may have
undermined app efficacy.

Consistent with the primary outcome findings, we found no
changes in any of the measured psychological variables.
Fulfillment of the 3 basic psychological needs (ie, autonomy,
competence, and rel atedness)—key elementsin the devel opment
of intrinsic motivation required to drive behavioral change
[67]—did not change. This could be explained by the nature of
the training programs, which were based on provision of
instructions and may have been perceived as too prescriptive
and controlling. Perhaps the aternatives provided by the apps
(ie, walking, jogging, sprinting, running) lacked choice and
encouragement of the participants' initiative and, therefore, did
not support their autonomy. In addition, skill acquisition and
feelings of competence did not change as a function of the
intervention. This suggests the BCTs in the apps were
insufficient to manipulate these variables or that app use was
not intensive enough to evoke change. Further, the apps
incorporate features that could capitalize on relatedness and
socia support, such as online communities, but some of these
featuresload outside of the apps (eg, ZombieLink), which may
have contributed to poor use of such features. Interestingly,
enjoyment, which is associated with adherenceto PA programs,
did not change.

Strengths and Limitations

A mgjor strength of AIMFIT was the use of a RCT design to
determine the effectiveness of 2 off-the-shelf commercialy
availableinterventions. We chose apragmatic approach in which
participants used their own device and apps were used ad
libitum. Contact with participants was minimal, which reflects
app use in a real-world context and therefore increases the
generalizability of the findings. Moreover, the primary outcome
was assessed obj ectively with avalid and reliable measurement,
as well as PA via accelerometry, which adds to the study’s
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internal validity. Unlike the commonly observed high attrition
in eHealth and mHealth interventions, follow-up assessments
were completed for 96% of participants, which represents a
high retention rate. Further, using paid appsinstead of free ones
has likely reduced the chances of contamination and/or
cointerventions. Although the accessibility of these apps on the
app stores could have led participants to download them, our
study sample was a young population and the apps under
investigation required purchase. Although inexpensive,
purchasing an app on an app store requires acredit card, which
young people do not typically own.

The major limitation of this study was its low statistical power
and small sample size. We based our sample size calculation
on a smaller standard deviation of the primary outcome than
the actual standard deviation observed, which meant the power
of the trial was smaller than 80%. We used readily available
apps and consequently were limited to the decisions made by
the app developers on content, duration of the program, and
design features. This also meant that we were unable to access
dataon app utilization (eg, menus accessed in the app). Further,
the relatively short duration of the programs precluded
investigation of long-term effects or sustainability. This study
also highlights that the peer-reviewed literature will alwayslag
behind consumer technology life cycles because during the
lifetime of this study innovative apps were developed at arate
that far outpaced our capacity to test them.

Implications

Among app users, fitness apps are the most popular (78% users
in 2014 compared to 39%in 2013) [35]. However, off-the-shelf
common commercial mobile apps used as a stand-alone
approach to change fitness and promote PA in insufficiently
activeindividuals do not appear effective. Future use as part of
a multifaceted approach to increase fithess and to promote PA
may be useful. The current one-size-fits-all approach of most
common commercial mobile appsislimiting for both usersand
researchers. More tailored approaches, which are dynamic and
responsive to changes in PA behavior over time, are required
to improve the ease of use of apps, user engagement, and the
apps’ sustained use.

Conclusions

Readily available commercial apps asastand-aloneintervention
to improve fitness and increase PA in young people did not
increase CRF compared to usua care. Given that smartphone
technology appearsto resonate with young people and that this
type of self-guided intervention has the potential to increase
reach at a low cost, this may be best suited as part of a
multicomponent intervention, providing additional support and
encouragement to the participants (eg, maintenance phases).
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Abstract

Background: Some health websites provide a public forum for consumers to post ratings and reviews on drugs. Drug reviews
are easily accessible and comprehensible, unlike clinical trials and published literature. Because the public increasingly usesthe
Internet as a source of medical information, it isimportant to know whether such informationisreliable.

Objective: We aim to examine whether Web-based consumer drug ratings and reviews can be used as a resource to compare
drug performance.

Methods: We analyzed 103,411 consumer-generated reviews on 615 drugs used to treat 249 disease conditions from the health
website WebMD. Statistical analysisidentified 427 drug pairsfrom 24 conditions for which two drugstreating the same condition
had significantly and substantially different satisfaction ratings (with at least a half-point difference between Web-based ratings
and P<.01). PubMed and Google Scholar were searched for publicationsthat were assessed for concordance with findings online.

Results: Scientific literature was found for 77 out of the 427 drug pairs and compared to findings online. Nearly two-thirds
(48/77, 62%) of the online drug trendswith at least a half-point difference in online ratings were supported by published literature
(P=.02). For a1-point onlinerating difference, the concordance rate increased to 68% (15/22) (P=.07). The discrepancies between
scientific literature and findings online were further examined to obtain more insights into the usability of Web-based
consumer-generated reviews. We discovered that (1) drugs with FDA black box warnings or used off-label were rated poorly in
Web-based reviews, (2) drugs with addictive properties were rated higher than their counterparts in Web-based reviews, and (3)
second-line or alternative drugswere rated higher. In addition, Web-based ratingsindicated drug delivery problems. If FDA black
box warning labels are used to resolve disagreements between publications and online trends, the concordance rate increases to
71% (55/77) (P<.001) for a half-point rating difference and 82% (18/22) for a 1-point rating difference (P=.002). Our results
suggest that Web-based reviews can be used to inform patients' drug choices, with certain caveats.

Conclusions: Web-based reviews can be viewed as an orthogonal source of information for consumers, physicians, and drug
manufacturersto assess the performance of adrug. However, one should be cautiousto rely solely on consumer reviews asratings
can be strongly influenced by the consumer experience.

(J Med Internet Res 2015;17(8):€211) doi:10.2196/jmir.4396

KEYWORDS
consumer drug reviews; online drug ratings, WebMD; online health websites
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Introduction

When choosing among drugs to treat a patient’s condition,
cliniciansrely on published clinical trials, practice experience,
and/or US Food and Drug Administration (FDA) drug labels.
However, FDA trial results can be incomplete; 78% of drug
trials subject to mandatory reporting did not report their results
[1]. Furthermore, published results may be reported in abiased
manner, favoring the trial sponsor, which is often also the drug
manufacturer [2,3]. Finally, published trials and FDA labels
can be challenging to read and inaccessible to patients.

Thepublicisincreasingly turning to the Internet for information
about drugs and their side effects [4,5]. Three-quarters (73%)
of adults with higher education use the Internet for health
information [4]. Over a quarter (26%) of Americans read or
watch someone el se's experience with health or medical issues
online [5], and 16% of Internet users go online to find others
who share the same health concerns [5].

Many of the health-related websites, such as WebMD [6] and
AskAPatient [7], provide a public forum for consumers to post
ratings and reviews on their drug experiences. For example,
consumers can submit their reviews of drugs and rate the drugs
on ascale of 1-5 at the WebMD website. The websites also ask
users to share their disease condition, age, sex, the prescribed
duration, and their comments; 3-4% of Internet users have
shared their experiences with drugs online [5], which
extrapolates to millions of drug experiences.

Various researchers have mined data from health websites to
cull useful information from users comments [8-14]. Past
research on health-rel ated websites and communities hasfocused
on text mining reviewers comments. One research group
collected consumer reviews of statins from three health-related
websites and were able to associate statin consumption with
side effects that were not listed by the drug manufacturer but
supported by other studies [10]. In another study, consumer
reviews and professional drug descriptions reported similar
efficacies and adverse effects for two psychotropic drugs [11].
A study on Parkinson’s disease showed that online forums may
be auseful source of observational information to complement
clinical trials [14]. Past studies have successfully compared
drug performance with online resources, but on a case-by-case
basis, by focusing on certain classes of drugs or drugs treating
asingle condition [10-13].

In this study, we investigate if Web-based review ratings can
be used as aresource to compare drug performance on a global
scale for a comprehensive set of drugs treating a variety of
disease conditions. Web-based review ratings potentially provide
afast and easily accessible data source for drugs. We sought to
determine if crowd-sourced review ratings are supported by
published literature and if they can provide a complementary
resourceto clinical trials.

Methods

Drug Comparison Based on Web-Based Reviews

Consumer reviews are publicly available and anonymous, so it
is ethically acceptable to conduct an analysis of the comments
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without seeking informed consent from their authors [15]. We
obtained an exemption from the Ingtitutional Review Board to
analyze online consumer-generated reviews.

We downloaded 141,210 reviews of 1503 drugs treating 1123
conditions from WebMD on October 23, 2012. Drug and
condition names were taken from the WebMD website. Each
review had a user satisfaction rating. The satisfaction rating
ranged from 1-5, where 1 is the lowest score for expressing
dissatisfaction and 5 is the highest score for expressing
satisfaction with the drug. In addition to these ratings, we
downloaded the genders and ages of the reviewers and the text
comments of the reviews.

We applied pre-processing steps prior to statistical analysis.
First, drugs with different modes of deliveries for each
individual condition were grouped separately (eg, oral versus
intravenous). Second, the reviews of drugs with the same active
ingredient(s) were combined. Information about drugs brand
names and active ingredients was downloaded from the
Drugs@FDA database [16]. Of the 1503 drugs on the WebM D
drug list, the active ingredients of 920 (61.21%) drugs were
identified. For drugs whose active ingredient was not listed in
the FDA drug database, the original drug name was kept in the
subsequent analysis. Thus, the 1503 drugs were reduced to a
total of 1215 groups of active ingredients/drugs, which were
used for the analysis. To be concise, we refer to an active
ingredient group as a drug in this study. Drugs were required
to have at least 30 reviews for the particular condition, and the
condition was required to have at least two drug groups to be
selected for analysis. This gave a fina list of 249 conditions
encompassing 615 drugs and 103,411 reviews.

Wefirst tested whether drug ratings were significantly different
within adisease condition, before examining drugsindividually.
We tested at the level of disease condition for two reasons: (1)
to control for patient heterogeneity as much as possible, with
the assumption that patientstaking drugsfor the same condition
would have similar patient profiles, and (2) because testing for
all pairwise drug combinations across all conditions would
require alarge Bonferroni correction factor, whereastesting for
conditions bounds the correction factor to the smaller number
of conditions (n=249). Analysis of covariance (ANCOVA) was
applied to each condition to determine whether drug(s) account
for significant differences in satisfaction ratings while
controlling for the covariates of gender and age. For each
condition, a linear model was constructed with drug, age, and
gender as independent variables, and the satisfaction rating as
the dependent variable. Age ranges were transformed into
numeric values by taking the mean of the age range (eg, a
reviewer with an age range of 25-34 years was assigned 29.5).
We computed ANCOVA for the linear model using the “car”
library in R (ANOVA, type="111"). We identified 24 conditions
that had a statistically significant difference between their drugs
ratings (P<.05, after Bonferroni correction for the 249 conditions
tested).

For each of the 24 conditions, we focused on comparing drugs
with significant and substantially different ratings. Because
comparing two drugs with minor rating differencesis difficult,
we examined drug pairs where the two drugs adjusted drug
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ratings differed by at least 0.5 points. Adjusted drug ratings are
controlled for gender and age because the two drugs may have
slightly different patient distributions. An adjusted drug rating
is computed by taking the predicted value of the drug’s score
for the most common age and gender for the condition (using
R’spredict function for the linear model). Additionally, thetwo
drugs were required to have significantly different online
satisfaction ratings (Mann-Whitney U test, P<.01). In summary,
427 drug pairs with significantly and substantially different

Adusumalli et al

ratings were identified from the 24 conditions (see Figure 1 for
an example and Multimedia Appendix 1 for the full table). For
example, felodipine has an adjusted onlinerating of 3.2, which
is0.7 points higher than amlodipine (adjusted onlinerating 2.5),
and the two drugs’ onlineratings are significantly different from
each other (P=.003). Online trends can be deduced from each
drug pair. In the aforementioned example, the deduced online
trend is that felodipine is a better drug than amlodipine. Thus,
427 online trends are deduced from the 427 drug pairs.

Figure 1. Examples of drug pairs with significant and substantially different ratings, and a procedure flowchart for comparing online findings with

scientific literature.

A) Drug pairs with significant and substantially differe

nt ratings

Condition FirstDrug Second Drug Difference tann- Deduced online trend
{adjusted online | {adjusted online between Whitney
rating) rating) two ratings P-value
Hypertension | Amlodipine(2.5) | Felodipine (3.2} 0.7 pP=.003 Amlodipine < Felodipine
Hypertension | Amladipine{2.5} | Telmisartan (3.1) 0.6 P< 0001 Amlodipine < Telmisartan

¥

B} Step 1. Search the scientific literature.
e o e e -
" Search terms: Condition, Drug Avs. Drug B "
| Hypertension: Amlodipine vs. Felodipine 1
: Hypertension: Amlodipine vs. Telmisartan :
1 1
1 1
4 fe |
 G00g Pub ed!
\ Scholar I
________________________ -
Steps 2 & 3. Assess the better drug in a publication & compare the publication’s conclusion with
the deduced online trend.
PubMed Verdict for
Drugs being compared HORE Publication finding Deduced online trend each
Identifier
Amlodipine vs. Felodipine 8112371 Aml Disagree
Amlodipine vs. Felodipine 7783110 Amlodipine > Felodipine Amlodipine < Felodipine Disagree
Amlodipine vs. Felodipine R Banldlills sl s Amlodipine < Felodipine Disagree
Amlodipinevs. Telmisartan 22522403 Amlodipine < Telmisartan Amlodipine < Telmisartan Agree
_— a S - - N Agree
Amlodipine vs. Telmisartan 10212369  Amlodipine < Telmisartan Amlodipine < Telmisartan
Step 4. For each deduced online trend, combine the publications into a single verdict.
studies publicatio
Hypertensi lodipine (2.5} vs. Felodipine (3.2) 0/3 8112371 (DISAGREE) Dlsagree
7783110 (DISAGREE)
9657628 (DISAGREE)
Hypertension Amlodipine (2.5) vs. Telmisartan (3.1} 2/2 22522403 (AGREE) Agree
10212369 (AGREE)
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Comparison With Literature

Overview

The aim of this study is to see whether scientific literature
supports the deduced online trends. This was done by mining
the literature for a comparison of the two drugs from that
particular onlinetrend. Figure 1 shows an overview of the steps,
using three drugs that treat hypertension as an example.

Step 1. Search the Scientific Literature

Literature searches were carried out for all 427 drug pairs with
significantly and substantially different Web-based ratings.
Because the WebMD condition’s name may not be standard,
MedDRA's preferred term for the condition name was used for
the literature search [17] (see Multimedia Appendix 2 for
condition mappings). The literature searches were conducted
on Google Scholar and PubMed. Each search was limited to
three publications for practicality, so the maximum number of
publications each pairwise drug comparison could have is six
(threefor Google Scholar and three for PubMed). Occasionally,
officia regulatory bodies such as the FDA were also used as a
source because their documentswould be discovered by Google
Scholar (eg, see Armour Thyroid vslevothyroxine; Multimedia
Appendix 3).

Publications were required to have the drug name exactly and
treat the same condition as the WebMD listing. We discarded
publications that did not pertain to humans (eg, studiesin rats)
and case reports on single patients. For 82 out of the 427
pairwise comparisons, we found 152 pieces of scientific
literature (132 head-to-head comparisons, 11 reviews, three
meta-analyses, and six others).

Step 2. Assess the Better Drug in the Publication

The better performing drug wasinterpreted from apublication’s
abstract. Two authors read the abstract and decided whether
one drug performed better than the other, if the two drugs
performed similarly, or if performance was unclear. An example
of an unclear performanceisif drug A is more effective but has
worse side effects than drug B. If two authors disagreed on the
classification, the abstract was discussed between the 2 authors
until an agreement was reached. The decision-making process
for head-to-head comparisons, meta-anal yses, regul atory bodies,
and review articleswasidentical.

Step 3. Compare a Publication’s Conclusion With the
Corresponding Online Trend

A verdict was determined as to whether the better drug from a
publication concurred with the better drug from the
corresponding online trend. We classified each publication as
“agree” when the publication’s abstract agreed with the online
trend and “disagree” when the publication disagreed with the
online trend (see Figure 1). An example of an “agree’
publication is a paper that states: “Telmisartan was more
effective than amlodipine in preventing AF [atria fibrillation]
recurrences’ [18]. According to WebMD, telmisartan has a
higher Web-based rating than amlodipine (3.1 vs 2.5). Therefore,
the publication agrees with the online trend that telmisartan is
the better drug. A “disagree” verdict is given when the
publication states that the poorly rated WebMD drug has better
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or similar performance, or if the publication’s conclusion was
unclear.

Step 4. For Each Deduced Online Trend, Combine the
Publications Into a Single Verdict

Because a single online trend can have multiple publications,
the publications' agree/disagree statuses are summarized into
a single verdict. The verdict was concluded as “agree” when
the mgjority of the publicationsfor that comparison agreed with
the deduced online trend. The verdict was concluded to
“disagree” when the magjority of publications disagreed with
the deduced online trend. For example, if a drug comparison
had four published studies, of which three agreed with the
deduced onlinetrend and one did not, we concluded the verdict
to“agree” with thededuced onlinetrend. For five pairwisedrug
comparisons, an equal number of publications agreed and
disagreed with WebMD ratings; these inconclusive drug
comparisons were removed from consideration. In total, there
were 77 online trends with .50 point difference that had verdicts
summarized from 141 pieces of scientific literature. For these
77 onlinetrends, 48 and 29 had “ agree” and “ disagree” verdicts
with the scientific literature, respectively (Multimedia Appendix
3). Most (71/77, 92%) of the verdictswere unanimous verdicts,
where al the publications agreed with each other as to which
was the better drug (Multimedia Appendix 3).

To determine if the observed number of “agree” verdicts was
more than expected by chance, the P value for publication
support was cal culated by assuming a0.50 probability of “ agree’
verdicts and a 0.50 probability of “disagree” verdicts. The
probability of observing at least n number of “agree” verdicts
was calculated using a cumulative binomial distribution.

Information Extraction From Food and Drug
Administration Labels

FDA labelswere used to reconcil e the disagree verdicts between
publications and deduced online trends. A drug’s FDA label
was used to determine the drug’s serious side effects, off-label
use, and addictive properties. To investigate serious side effects,
weinspected adrug’'s FDA label for ablack box warning, which
is the strictest warning by the FDA. To see whether a drug is
being used off-label, we looked at the conditions listed under
the “Indications and usage” section. If the WebMD/MedDRA
condition was not listed in the Indications section, we deemed
this“ off-label” use. Toidentify drugswith addictive properties,
we inspected if a drug’'s FDA label noted drug abuse and
dependence as a side effect.

The purpose of examining FDA labels was to find differences
between drugs. If both of the drugsin the pairwise comparison
had black box warnings or both drugs had addictive properties,
this was not recorded as an observation because the two drugs
were similar for that aspect.

Text Mining of Reviews

For some drugs, we examined the reviewers comments to
hypothesize why publications and deduced online trends might
disagree. Frequencies of certain words were counted in the
comment section of reviews. The number of drug reviews that
contained the term was divided by the total number of drug
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reviews. Statistical significance for difference in word
frequencies was cal culated using the chi-square test.

For type 2 diabetes, reviewers comments were searched for
theword “heart” because the poorly rated drug pioglitazone had
ablack box warning for congestive heart failure. When looking
at addictive drugs (carisoprodol, nefazodone hydrochloride, and
diazepam), reviewers comments were searched for the words
“abuse” and “addict”.

For asthma, wefound the most frequent words among reviewers
comments by using word clouds. Reviewers comments were
fed to Voyant Tools [19], which removes stop words from the
reviews and generates aword cloud from the remaining words.
For the drug ProAir, “inhaler” was the most frequent word. For
albuterol, ProAir’s generic equivalent, “asthma’ was the most
frequent word.

Results

Drug Differences|dentified From Web-Based Reviews

Our study investigates the usefulness of Web-based rating
differences between drugs. Over 140,000 drug reviews were
downloaded from WebMD. To detect drug rating differences,
ANCOVA analysis was applied to 249 disease conditions, of
which 24 had different performances between drugs (see
Methods). Within the 24 conditions, there were 427 drug pairs
that had substantially and significantly different ratings, with
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at least .50 point difference between the two drugs ratings
(P<.01 Mann-Whitney) (see Multimedia Appendix 1 and
Methods).

For each drug pair, one can deduce an online trend because one
drug rates significantly higher than the other drug. For example,
felodipine has a higher online rating than amlodipine (3.2 vs
2.5, P=.003), so the deduced online trend isthat felodipineisa
better drug than amlodipine. Examples for two pairwise drug
comparisons pertaining to the condition hypertension arefound
in Figure 1.

To assess if deduced online trends were concordant with
scientific literature, we manually searched PubMed and Google
Scholar for publications that compare the two drugs belonging
to the online trend (see Methods and Figure 1). A verdict was
determined asto whether the majority of the publications agreed
with the online drug trend. Verdicts were determined for 77
(18.0%) of the 427 drug pairs (see examples in Figure 1 and
the full table in Multimedia Appendix 3). Summarizing across
the 77 pairwise drug comparisonswith at |east a half-point rating
difference, 62% (48/77) of theliterature verdicts are concordant
with their deduced online trends (P=.02, binomial distribution)
(Figure 2). When raising the cutoff to a 1-point rating difference
between two drugs, the concordance rate between Web-based
ratings and literature increases to 68% (15/22). The result for
the higher cutoff is not significant, most likely due to low
numbers (P=.07) (Figure 2).
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Figure 2. Concordance between deduced online trends and scientific support at varying levels of point differences between 2 drugs' online ratings.
The solid line indicates the concordance of online trends with literature and the dashed line indicates the concordance of online trends with scientific
literature and FDA labels. For each data point, the percentage concordance is shown and the number of drug pairwise comparisons agreeing with
scientific support divided by the total number of drug pairwise comparisons are given in parenthesis. The asterisk indicates statistical significance with

P<.05 according to the binomial test.
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Investigating Online Trends That AreDiscordant With
Scientific Literature

While the majority of deduced online trends were in
concordance with the literature, 38% (29/77) were not. We
investigated why scientific literature was not consistent with
Web-based ratings. We observed that (1) drugswith FDA boxed

68 (15/22)

=== Scientific Literature

Scientific Literature + FDA Labels

warnings or used off-label for the WebMD condition rated
poorly among onlinereviews, (2) drugswith addictive properties
had higher review ratings, and (3) patients rated alternative
treatments higher. A problem with drug delivery was also
discovered independently. The summary of these findings can
be found in Table 1 (with additional details in Multimedia
Appendix 4) and is further elaborated on in the following text.

Table 1. Summary of observations for drug comparisons where Web-based ratings disagreed with publications.

Number of drug comparisons

Consistent with FDA label
Drug with boxed warning rated lower
Drug used off-label rated lower
Addictive drug rated higher
Alternative or second-line drug rated higher
Unexplained
Total

N O NN

29
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Poorly Rated Drugs Have Food and Drug
Administration Black Box Warnings

FDA drug labels can have black box warnings that inform of
serious side effects. For seven drug comparisons, the drugswith
FDA black box warnings were poorly rated among Web-based
reviews even though they performed better according to
publications (Multimedia Appendix 4). The corresponding
competing drugsin the pairwise comparison did not have black
box warnings. For example, the type 2 diabetes drug
pioglitazone hydrochl oride has ablack box warning of increased
risk of congestive heart failure [20]. Approximately 9.9%
(56/568) of pioglitazone hydrochloride reviewers complained
of heart problems, compared with 3.08% (55/1788) of the
complaints from other drugs used to treat type 2 diabetes
(chi-square P<.001) (see Methods). Sample comments for
pioglitazone hydrochloride are “it is a killer!!! better choices
are available. who needs bladder cancer or heart problems!!!”
and “had very bad chest painsthought i was having heart failure.
chest pains stop[ p]ed within 3 days of stop[p]ing the drug will
not try it again. it did lower blood sugars’. Thus poor Web-based
ratings for certain drugs are supported by FDA black box
warnings.

If one assumes FDA black box warnings are accurate and
authoritative compared to scientific publications (which can be
biased [2,3]), then the seven discordant comparisons may be
considered correct for the deduced online trends. If we
re-classify these sevento averdict of “agreed”, then the support
rate of online ratingsis 71% ((48+7)/77) (P<.001) (see dashed
line in Figure 2). This is an overestimate of the support rate
because we investigated only pairwise comparisons with
“disagree”’ verdicts. Future studies should include a more
thorough analysis examining FDA labels for all drugs.

Off-Label Drug Use Is Rated L ower

Drugs are sometimes used to treat a condition that has not been
approved by the FDA. The practice of off-label drug use is
prevalent [21]. For two comparisons, the drug with a lower
Web-based rating was not FDA-approved for the WebMD
condition (Multimedia Appendix 4). For example, alprazolam
has the highest rating compared to all other drugs for panic
disorder and isone of the few drugsindicated for panic disorder
on its FDA label. Most of the other drugs that have reviews on
WebMD for panic disorder areindicated to treat depression (eg,
citalopram) or anxiety disorder (eg, diazepam), and these other
drugs have lower Web-based ratings. Therefore, even though
the practice of off-label drug prescription is common,
Web-based reviews can reveal user dissatisfaction with off-label
drugs.

Addictive Drugs Are Highly Rated

Three drugs (diazepam for treating anxiety and muscle spasms,
nefazodone hydrochloride for treating depression, and
carisoprodol for treating muscle spasms) are addictive according
to FDA labels. These drugs have poor performances according
to the scientific literature, but higher Web-based ratings
compared to other drugs treating the same condition. This
suggests the possibility that patients may rate drugs with
addictive properties higher.
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For example, carisoprodol (adjusted rating 4.23) israted higher
than the other drugs that treat muscle spasm (Multimedia
Appendix 1). Head-to-head comparisons showed that
carisoprodol and cyclobenzaprine (adjusted rating 3.26) perform
similarly, but carisoprodol’s usefulness is mitigated by its
potential for abuse [22]. The drug has an FDA label that warns
of its addictive properties. Interestingly, 12.6% (28/223) of the
reviewers comments for carisoprodol contained the word
“addict” or “abuse’, compared with 0% (0/371) for
cyclobenzaprine reviews (P<.001) (see Methods). However,
even though carisoprodol reviewers recognized the potential
for abuse, they rated carisoprodol highly: 68% (19/28) of the
reviewersthat mentioned addictiveness gave a satisfaction score
of 4 or higher. Some sample comments are “It's a great
medication but can easily become dangerously addicting” and
“so far this has been the best medi cation to help give me almost
completerelief. Just be careful using it, it is addictive.”

Similarly, for the addictive drug diazepam, 87% (13/15) of the
reviewersfor anxiety and muscle spasm that mentioned “ addict”
or “abuse” still gave ratings 4 or higher. This suggests that
patients, despite being aware of a drug's potential for abuse,
will still rate an addictive drug high. It highlightsthe importance
of professional medical advice and FDA labels, and a caution
when relying on consumer-generated reviews. Another possible
explanation for why drugs with addictive properties are rated
higher may be due to stronger drug efficacy and potency or
psychoactive properties. A more systematic study of theimpact
on addictiveness in Web-based ratings should be conducted to
see if these observations can be generalized.

Alternative Treatments Can Have Higher Ratings
Drug accessibility and past experience may influencereviewers
drug ratings. There were two drug comparisons for which an
aternative or second-line drug was rated higher than the
commonly prescribed first-line drug (Multimedia A ppendix 4).
For hypothyroidism, online patients expressed greater
satisfaction with the drug Armour (adjusted rating 3.92) than
levothyroxine (adjusted rating 2.22) (Multimedia Appendix 1).
Treatment with Armour is highly controversial. Armour is
desiccated animal thyroid, and this natural treatment has been
used to treat hypothyroidism since the 1890s [23], prior to the
formation of the FDA.. Levothyroxineisasynthetic form of the
thyroid hormone and is FDA-approved [24-26]. Despite
professional endorsements of the synthetic form because of its
better stability and quality assurance (by United States FDA,
Endocrine Society of Australia, and British Thyroid
Association), thereisagrassroots movement in support of using
naturally desiccated thyroid [27]. Head-to-head comparisons
exist, but interpretations of these comparisonsare controversial
[28]. In surveys, patients preferred natural desiccated thyroid
over thyroxine alone[28], and the magjority of patientswho had
tried conventional therapies but then switched to natural
desiccated thyroid were more satisfied with the natural treatment
[29]. Web-based patient reviews are consistent with surveys
rather than the professional recommendations, and the higher
rating may be due to subgroups that are satisfied with Armour
as an aternative treatment.
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These results suggest ratings can be influenced by areviewer’'s
treatment history. If thefirst line of treatment is ineffective and
the alternative treatment provides relief but is harder to obtain,
reviewers may compensate with higher ratings for the
alternative/second-line drug to confirm that the less popular or
less common choice was effective for them. A more systematic
study is necessary to seeif thistrend can be generalized.

In summary, Web-based ratings that disagree with scientific
literature can be explained by (1) drugs with FDA boxed
warnings rating poorly, (2) drugs used for off-label conditions
rating poorly, (3) drugs with addictive properties rating higher,
and (4) aternative treatments rating higher. These explanations
account for over half (16/29) of the discordances between
literature and deduced online trends (Table 1). The remaining
13 disagreements were designated as “Unexplained”. Further
investigation is needed to reconcile the remaining cases.

Drug Dédlivery Design

Web-based reviews can lead to new findings; a drug delivery
issue for an asthma inhaler was discovered. This came to our
attention because the asthmainhal er ProAir had low Web-based
ratings (average rating 1.46), yet its generic equivalent a buterol
had high Web-based ratings (average rating 3.48). We observed
this strange phenomenon when we had not yet combined the
brand-name ProAir with its generic equivalent albuterol. To
understand this unexpected discrepancy, we inspected the text
of the reviews. The most frequent word in the ProAir reviews
is“inhaler”, suggesting that dissatisfaction with ProAir was due
to theinhaler’'s design. Some comments on the inhaler include:
“This inhaler continually clogs and | waste quite a bit of
medication” and “ ProAir frequently clogs and never really seems
to dispense properly. Its effectivenessis alarge step backwards
from fast acting inhalers 10 years ago”.

The company responded by releasing anewly designed inhaler
in 2012, which included a dosage counter capable of tracking
the number of doses remaining in the inhaler [30]. Findings
related to drug-delivery issues may not be assessed in clinical
trials. Therefore, consumer input from Web-based reviews can
extend beyond the efficacy of the active ingredient and can
benefit the drug manufacturer.

Discussion

Principal Findings

Previous publications have studied drug reviews using online
resources, but these approaches tend to examine drugs on a
case-by-case basis [10-13]. To the best of our knowledge, this
isthe first study to analyze online drug satisfaction on a global
scale for a comprehensive set of drugs across many disease
conditions. We found 427 significantly different drug pairs
where the drugs' ratings had more than a half-point difference.
For 77 of the drug pairs, we determined whether the scientific
literature agreed or disagreed with the deduced online trends.
For a 0.5-point rating difference, 62% (48/77) of the deduced
online trends were concordant with scientific literature (P=.02).
The concordance increased to 68% (15/22) when drug pairs
with alarger rating difference (at least 1-point) were considered,
but this was not statistically significant (P=.07), possibly due
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to small sample size. Further investigation of the remaining 29
that were discordant showed that seven inferred online findings
were supported by FDA labels. Lower-rated drugs had FDA
black box warnings indicating serious side effects. If one were
to include the FDA black box warnings as supportive evidence
for the deduced online trends, the scientific support for online
trends increases to 71% (55/77) (P<.001).

Examination of the discordant drug comparisons suggested
reviewers may be rating addictive drugs and alternative drugs
higher. Addictive and alternative drugs may have similar
efficacy to non-addictive and standard drugs; high ratings could
be an artifact of users subjectivity. These observations were
found for a small number of drug comparisons and may be
anecdotal. A more comprehensive study is necessary before
generalizing if addictive drugs or second-line drugstend to have
higher ratings.

Web-based reviews aso uncovered a new finding: the
suboptimal design of an asthma inhaler. Such analyses can
assess the satisfaction of adrug beyond the efficacy of itsactive
ingredient as features like drug delivery may not always be
assessed in clinical trials. A drug manufacturer can use this
knowledge to improve the delivery design and manufacturing
process.

Limitations

The use of Web-based reviews is independent, fast, and
inexpensive, but it also poses some challenges. The reviewers
themselves may be biased. People who write reviews may be
different from the general population. Reviewers provide a
subjective rating on “satisfaction” and do not have objective
criteriato assess clinical benefit, unlike the “harder” endpoints
that are evaluated in clinical studies. Users experience adrug’s
effectson abroader spectrum than the narrowly defined efficacy
endpoints of clinical drug studies. This could cause the
differences between quantitative Web-based ratings and
published drug efficacies. Our study al so suggeststhat reviewers
may downplay certain side effects, such as addictiveness.
Another disadvantageisthat most review websites do not require
information on important clinical input variables such as
dosages, drug compliance, duration of treatment, additional
drugs taken, strict diagnostic criteria, uniform disease
severity/stage, smoking status, and genera health. Therefore,
one cannot ensure that the patientsreceiving drug A have similar
medical profiles to those receiving drug B. While an analysis
based on consumer reviews may involve a certain degree of
bias and caveats, it also measures the exposure of adrug in a
more realistic and diverse setting. Another limitation of our
study isthat we used only one source for reviews; future work
will beincorporation of other additional online sources.

Conclusion

A small number (3-4%) of Internet users have shared their
experienceswith drugsonline [5], which extrapolatesto millions
of drug experiences. The large size and broad accessibility of
this database has an advantage over controlled clinical trials
that recruit afinite number of patients. Thisis counterbalanced
by the fact that Internet users represent a diverse population, in
contrast to controlled clinical trials, which consist of
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homogeneous patients who meet strict trial inclusion criteria.  we have shown that consumer reviews can be used as an
Nevertheless, our study characterizes the use of Web-based orthogonal sourceto reveal insights on drug performance.
reviews for comparing performances of drugs. In conclusion,
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Multimedia Appendix 1

Literature searchesfor 427 drug pairswhere the two drugs have substantially different online ratings that are significantly different.
The adjusted online drug ratings are shown in columns 4 and 5, and P values for Mann-Whitney test are in column 6.

[XLSX File (Microsoft Excel File), 34KB - jmir_v17i8e211 appl.xIsx ]

Multimedia Appendix 2
Search terms for the 24 conditions with drug differences.

[PDE File (Adobe PDF Fil€), 5KB - jmir_v17i8e211_app2.pdf ]

Multimedia Appendix 3

Drug pairs for which scientific literature was found, and their verdicts as to whether the scientific literature agreed or disagreed
with online trends. The second column shows the two drugs being compared with their adjusted online ratings in parentheses.
The third column shows the scientific literature that compares the two drugs, and whether it disagrees or agrees with the deduced
online finding in parentheses. The fourth column lists the number of scientific studies that agree with the deduced online finding
out of the total number of relevant scientific studies. An overall verdict summarizing the multiple scientific studies is shown in
the fifth column. The sixth column specifieswhether the verdict is unanimous. Thelast column lists the publication type for each
piece of scientific literature.

[XLSX File (Microsoft Excel File), 19KB - jmir_v17i8e211 app3.xIsx ]

Multimedia Appendix 4
Possible explanations for cases where scientific literature disagrees with deduced online findings.

[PDE File (Adobe PDE File), 5KB - jmir_v17i8e211_app4.pdf ]
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Abstract

Background: Family communication iscentral to the family and itsfunctioning. It isamutual processin which family members
create, share, and regulate meaning. Advancement and proliferation of information and communication technologies (ICTs)
continues to change methods of family communication. However, little is known about the use of different methods for family
communication and the influence on family well-being.

Objective: We investigated the sociodemographic factors associated with different methods of family communication and how
they are associated with perceived family harmony, happiness, and health (3Hs) among Chinese adultsin Hong Kong.

Methods: Datacame from aterritory-wide probability-based telephone survey using the Family and Health Information Trend
survey (FHINTSs). Frequency of family communication using different methods (ie, face-to-face, phone, instant messaging [IM],
social media sites, and email) were recoded and classified as frequent (always/sometimes) and nonfrequent (seldom/never) use.
Family well-being was measured using 3 questions of perceived family harmony, happiness, and health with higher scores
indicating better family well-being. Adjusted oddsratios for family communication methods by sociodemographic characteristics
and adjusted beta coefficients for family well-being by communication methods were calculated.

Results: A total of 1502 adultswere surveyed. Face-to-face (94.85%, 1408/1484) wasthe most frequent means of communication
followed by phone (78.08%, 796/1484), IM (53.64%, 796/1484), social media sites (17.60%, 261/1484), and email (13.39%,
198/1484). Younger age was associated with the use of phone, IM, and socia media sites for family communication. Higher
educational attainment was associated with more frequent use of all modes of communication, whereas higher family income
was only significantly associated with more frequent use of IM and email (P=.001). Face-to-face (beta 0.65, 95% CI 0.33-0.97)
and phone use (beta 0.20, 95% CI 0.02-0.38) for family communication were associated with significantly higher levels of
perceived family well-being.

Conclusions; Socioeconomic disparitiesin using these information and communication technologies (ICT) methods for family
communication were observed. Although traditional methods remain as the main platform for family communication and were
associated with better family well-being, a notable proportion of respondents are using new ICT methods, which were not
associated with perceived family well-being. Because ICTs will continue to diversify modes of family communication, more
research is needed to understand the impact of ICTs on family communication and well-being.

(J Med Internet Res 2015;17(8):€207) doi:10.2196/jmir.4722
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Introduction

Family communication through both verbal and nonverbal
interactions plays a central role in maintaining family
relationships and enhancing family well-being [1]. It provides
thefoundation for family members (individualswho arerelated
through biological, marital, cohabitation, and/or emotional
bonding) to share meaning, to be connected, to be flexible in
changing family rules, to achieve satisfaction, and to express
and share attitudes, values, and beliefs [2,3]. Family
communication includesthe content (both verbal and nonverbal),
frequency, and nature of family interactions, which definesthe
family and constructs family relationships [1]. Although a
Western perspective often defines communication as an
expression of “self” [4,5], a Chinese perspective defines
communication as a way to develop and maintain personal
relations and to reaffirm their membership in their respective
social networks [6,7]. Nonconfrontational communication
(harmony) isvalued in Chinese culture and refersto expressing
one’s thoughts and feelings in an indirect and implicit manner
[7]. Such pattern of communication is not only to preserve an
individual’s dignity, but also to protect family harmony and ties

(71

Family communication comprises an important part of several
Western theories and models (eg, Family System Theory, Social
Learning Theory, Olson’s Circumplex Model, and McMaster
Model of Family Functioning). Olson’s Circumplex model [1]
and the McMaster Model of Family Functioning [8] posit that
a well-functioning family is characterized by positive
communication which providesabasisfor higher level of family
cohesion and adaptability. Family communication has also been
argued to be vital for family harmony, happiness, and health
that underlie family well-being from a Chinese perspective
[9,10].

In addition to the traditional means of communication, such as
face-to-face and phone, new forms of information and
communication technologies (ICTs), such asinstant messaging
(IM), social media sites (eg, Facebook, Twitter), and email,
allow individual sto communicate and interact with one another
[11,12]. Each medium has unique attributes and provides
benefits otherwise not available from other means of
communication. Face-to-face communication possesses
nonverbal elements, instant feedback, complete identification,
and real-time interaction [13]. The phone, although it lacks
visual communication cues, provides instant feedback and
real-time interaction across awide geographical range. IM and
email alow for words (and now photographs, videos, and audio
clips) to be asynchronously exchanged among individuals and
family groups. Social media sites allow for interconnectivity
and provide an avenuefor texts, photos, and video sharing [14].
ICTs aso create a new pattern of family communication [12];
individuals are now able to perform multiple mediatasks at the
sametime and interact with multipleindividuals simultaneousdly.
Compared with traditional forms of communication, ICTs are
able to break barriers of time, space, location, and distance in

http://www.jmir.org/2015/8/e207/

making virtual communication accessible, feasible, and efficient
[14,15]. Indeed, the rapid development of ICTs has changed
and continues to transform the ways in which families interact
and communicate [14,15].

Although a growing number of studies have examined
communication behaviors (eg, pattern, frequency, and usage of
ICTs) and interpersona relationships and family functioning
[12,14,15], it is uncertain whether ICTs enhance or weaken
family relationships [14,15]. ICT use may increase the time
families spend together, strengthen family bonds, improve
family communication, and enable the maintenance of family
relationships[16-20]. Other studies have suggested that quality
family time has been significantly reduced and overuse of ICTs
can lead to isolation from the family and failure to develop
norma modes of expression, affecting the quality of family
relationships [18,21-23].

Hong Kong, the most Westernized and urbanized city in China,
isone of the most technol ogically advanced and connected cities
in theworld with ICTsreadily integrated into the daily lives of
Chinese people. Most households (78%) have personal
computers at home connected to the Internet [24]. Fixed-line
residential phone penetration exceeds 100% and mobile phone
(mostly with multiple ICT functions) subscription plans
penetrate more than 230% [24]. Therefore, Hong Kong provides
an appropriate platform to understand how different modes of
communication are used and the influence it has on family
well-being. This study examines the use of ICTs for family
communication and their influence on perceived family
well-being.

Methods

Sampling

As part of the FAMILY Project, the Hong Kong Family and
Health Information Trends Survey (FHINTs) was conducted
from August 2012 to October 2012 using probability-based
telephone surveys to collect information on general public
opinions and behaviors on family health, information use, and
health communication. Details of the survey design have been
reported el sewhere[25,26]. In brief, a 2-stage random sampling
method was used. First, telephone numberswereretrieved from
residential telephone directories that covered approximately
76% of Hong Kong residents [24]. A computer program was
used to generate alist of the telephone numbersin random order
for interview. Invalid household numbers, nonresponses, and
ingligible households (people aged <18 years or not able to
speak Cantonese) were excluded. Second, after initial
introduction of the study purpose by the interviewers, adult
respondents were asked how many dligible individuals were
living in the household. All eligible individuals were listed and
the individual with the next birthday closest to the interview
day was elected for interview. Each interview took
approximately 25 minutes to complete. A total of 2127
individualswereeligible; of those, 1502 adults were successfully
interviewed yielding aresponse rate of 70.62%. Ethics approval
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was granted by the Institutional Review Board (IRB) of the
University of Hong Kong/Hospital Authority Hong Kong West
Cluster. Verbal informed consents were obtained and recoded
verbatim, and the procedure was approved by the IRB.

M easur ements

The definition of families (family members who are related
through biological, marital, cohabitation, and/or emotional
bonding) was explained to the respondents before asking
questions about family communication and family well-being.
The prevalence of different methods of communication was
assessed by asking respondents how often each method (ie,
face-to-face, phone, IM, social mediasites, and email) was used
to communicate with family with responses of “very often,”
“sometimes,” “seldom,” and “ never.” Perceived family harmony,
happiness, and health (3Hs) are regarded asthe main component
of family well-being in Chinese society [9,10]. Family 3Hswere
assessed by using 3 separate questions asking respondents to
giveascorefrom 0-10. Family well-being was cal cul ated based
on the composite score of the 3Hswith higher scoresindicating
better family well-being (possibletotal score ranged from 0-30).
Thetest-retest reliability in another sampleyielded an alpha=.81,
showing that the scale was reliable over 1 month. The internal
consistency of the scale was apha=.84 for this sample.
Socioeconomic status (SES) was measured using educational
attainment, employment status, and monthly household income.
Educational attainment was categorized as primary or below,
secondary, and tertiary or above. Employment status was
categorized as full-time, part-time, self-employed, and
unemployed. Monthly household income was categorized as

http://www.jmir.org/2015/8/e207/
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<HK $9999, HK $10,000-$19,999, HK $20,000-$29,999, HK
$30,000-$39,999, HK $40,000-$59,999, and =HK $60,000 (US
$1=HK $7.8).

Statistical Analysis

All datawere weighted by sex and age using Hong Kong 2013
censusdata. Descriptive statisticswere used to report prevalence
of different methods of family communication. Associations of
different methods to communicate with family by sex, age,
marital status, and SES indicators (ie, income and educational
attainment) were assessed by logistic regression, which yielded
adjusted odds ratios (AORs) of family communication methods.
Associations between perceived Family 3Hs (harmony,
happiness, and health), family well-being, and different family
communication methods were analyzed in a separate binary
logistic regression model adjusting for sociodemographic
characteristics. All analyses were conducted with SPSS 20
(SPSSInc, Chicago, IL, USA).

Results

Of 1502 respondents, 54.51% (819/1502) werefemale, 73.39%
(1103/ 1500) were aged between 25 and 64 years, and 63.33%
(950/1500) were married or cohabitating (Table 1). Most
respondents had secondary or greater education (85.60%,
1286/1502) and 63.24% (822/1300) had monthly family income
of HK $20,000 or greater (average monthly income in Hong
Kong was HK $20,200). Among 611 unemployed participants
(40.66%, 611/1502), 45.9% (281/611) wereretired and 35.1%
(215/611) were homemakers.
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Table 1. Sociodemographic characteristics of sample (N=1502).

Demographics Unweighted, n (%) Weighted, %
Sex
Male 573(38.15) 45.59
Female 929 (61.85) 5451
Age?
18-24 126 (8.40) 9.94
25-34 146 (9.73) 17.76
35-44 153 (10.20) 18.55
45-54 312 (20.80) 20.60
55-64 387 (25.80) 16.49
265 376 (25.07) 16.67

Marital status?

Single 328 (21.88) 30.57

Married/cohabitating 1038 (69.25) 63.33

Other (divorced/widowed) 133(8.87) 6.09
Educational attainment

Primary or below 318 (21.17) 14.40

Secondary 733 (48.80) 47.68

Tertiary or above 451 (30.03) 37.92

Employment status

Full-time 548 (36.48) 47.49
Part-time 135 (8.99) 8.77
Sdlf-employed 38 (2.53) 3.09
Unemployed 781 (52.00) 40.66

Monthly household income (HK $) ©

<9999 302 (23.65) 17.25
10,000-19,999 269 (21.06) 19,51
20,000-29,999 214 (16.76) 18.31
30,000-39,999 172 (13.47) 15.18
40,000-59,999 168 (13.16) 15.48
60,000 152 (11.90) 14.27

aMissing (unweighted=2, weighted=2).
b Missing (unweighted=3, weighted=2).
¢ Missing (unweighted=225, weighted=202).

The most frequent means of communication was through Although 63.18% (938/1484) of respondents reported never
face-to-face (94.85%, 1408/1484) followed by telephone usingemail (followed by social mediasites 59.65%, 885/1484),
(78.08%, 1159/1484) and IM (53.64%, 796/1484) (Table 2). only a few (0.85%, 13/1484) reported never having
Some have also used social media sites (17.60%, 261/1484) communicated with family face-to-face.

and email (13.39%, 198/1484) for family communication.
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Table 2. Prevalence (weighted) of different methods to communicate with family (N=1484).

Means of communication Prevalence, n (%)

Very often Sometimes Seldom Never

Face-to-face 1199 (80.77) 209 (14.08) 64 (4.30) 13(0.85)

M obile phone/phone 637 (42.91) 522 (35.18) 219 (14.74) 107 (7.18)

Instant messaging instruments (eg, WhatsApp, WeChat [Wei Xin], 458 (30.84) 338 (22.80) 183 (12.31) 505 (34.05)

LINE)

Social media sites (eg, Facebook, Twitter, Google+, WeiBo) 95 (6.43) 166 (11.17) 338 (22.75) 885 (59.65)

Email 53 (3.59) 145 (9.80) 348 (23.44) 938 (63.18)

Compared with males, females used IM more frequently (AOR
1.56, 95% Cl 1.19-2.03) (Table 3). Younger age was associated
with more frequent use of phone (P=.001), IM (P<.001), and
social mediasites (P<.001). Higher adjusted oddsratio of email
use was observed for older age group (P=.03), particularly for
respondents’ aged 55 to 64 years of age (AOR 3.83, 95% ClI
1.21-12.09). Compared with respondents with low education
level (ie, primary or less), respondents with higher education

http://www.jmir.org/2015/8/e207/

had more frequent use of all different modes of communication.
In particular, respondents with tertiary or greater level of
education were strongly associated with IM (AOR 3.39, 95%
Cl 2.00-5.77) and email use (AOR 4.52, 95% CI 2.12-9.66).
Higher household income was associated with more frequent
IM (P<.001) and email use (P=.001). No association was
observed for employment status with communication models.
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Table 3. Associations of sociodemographic characteristics and use of different methods to communicate with family.2

Wang et al

Demographics  Face-to-face Phone Instant messaging Social mediasites Email
AOR(95%Cl) P  AOR(9%B%ClI) P  AOR(9%%CI) P  AOR(%B%CI) P AOR(%B%C) P
Sex
Male 1 1 1 1 1
Female 0.68(0.39,1.20) .19 1.29(0.96,1.73) .10 1.56(1.19,203) .001 1.11(0.81,151) .52 1.28(0.88,1.87) .19
Age (years) 02° .001° <oot® <oor° 03P
18-24 1 1 1 1 1
25-34 150(0.45,502) 51  0.89(0.46,1.71) .73 0.65(0.39,110) .11  150(0.84,268) .17 142(0.49 4.13) .52
35-44 1.26(0.34,464) .73 0.48(0.24,096) .04 061(0.34,1.08) .09 098(051,188) .94 151(049 469 .48
45-54 0.73(0.20,2.70) .64 042(0.21,0.87) .02 0.39(0.21,071) .002 0.66(0.33,1.35) .26 2.81(0.91,866) .07
55-64 0.61(0.16,2.29) .46 0.32(0.150.67) .003 0.28(0.15 053) <00l 062(0.29,132) .21  383(1.21,12.09 .02
=65 0.44(0.11,1.71) .24 0.30(0.14,065) .002 0.09(0.04,0.18) <00l 0.29(0.12,0.73) .009 1.74(0.49,6.12) .39
Marital status
Single 1 1 1 1 1
Married/co- 2.83(1.17,6.86) .02  1.68(1.05268 .03 1.94(1.28,2.93) .002 1.03(0.66, 1.61) .90 3.52(186,6.65 <001
habitating
Others 0.93(0.32,268) .90 2.28(1.08,4.83) .03 1.38(0.67,2.82) .38 0.63(0.23,1.70) .36 2.24(0.75,6.67) .15
Education 005" 03 <oor® 43° <oorP
Primaryor 1 1 1 1 1
below
Secondary  3.54(1.80,6.97) <001 2.04(1.353.09) .001 3.03(1.90,4.84) <001 1.60(0.84,3.04) .15 1.78(0.89,357) .11
Tertiary or  321(1.32,7.78) .01 184(1.12,304) .02 3.39(200,577) <00l 112(055227) .76 452(2.12 9.66) <00l
above
Employment
Full-time 1 1 1 1 1
Pat-time  1.00(0.36,2.81) .99 0.73(0.43,1.26) .26 0.88(0.551.42) .60 0.86(047,157) .63 102(0.52,203) .95
Self-em- 0.71(0.13,4.06) .70 0.71(0.34,1.52) .38 0.98(0.48,2.00) .95 1.07(0.48,239) .88 1.04(0.45,241) .93
ployed
Unemployed 0.96 (0.46,2.03) .92 0.82(0.56,121) .32 079(057,111) .18 094(0.63,141) .76 0.87(0.55, 139 .57
Family income
(HK $) 53° 38° <001 02° .001°
<9999 1 1 1 1 1
10,000- 124(058,267) .58 124(0.77,201) .38 1.28(0.80,2.03) .31 0.86(0.46,1.61) .64 1.83(0.853.95 .12
19,999
20,000- 213(0.79,5.75) .14 0.67(041,110) .11 148(0.91,240) .11  0.95(050,1.80) .89 1.76(0.79,3.91) .16
29,999
30,000- 261(0.82,832) .10 094(0.55,162) .82 229(1.37,3.82) .002 1.14(059,219) .70 1.81(0.80,4.13) .16
39,999
40,000- 0.85(0.33,2.14) .73 131(0.74,232) .36 2.84(1.68,4.81) <001 1.64(0.86,3.13) .13 271(122,599) .01
59,999
260,000 2.68(0.67,1060) .16 1.43(0.77,2.68) .26  3.63(2.05,6.40) <001 1.39(0.70,2.76) .35 2.94(1.31,6.59 .009

8A|| variables were mutually adjusted. Frequency of use of communication methods was dichotomized as “very often/sometimes’ and “seldom/never.”

bp value

Frequent use of face-to-face communication was strongly
associated with perceived family harmony (AOR 0.82, 95% CI
0.45-1.19), family happiness (AOR 0.59, 95% CI 0.22-0.96),
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family health (AOR 0.54, 95% Cl 0.16-0.91), and overall family

well-being (AOR 0.65, 95% Cl 0.33-0.97) (Table 4). Similarly,
more phone use was associated with family harmony (AOR
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0.22, 95% CI 0.02-0.43), family happiness (AOR 0.36, 95% ClI
0.15-0.56), and overall family well-being (AOR 0.20, 95% ClI
0.02-0.38). Using new ICTs (ie, IM, social media sites, and

Wang et al

email) was positively, but nonsignificantly, associated with
family 3Hs and well-being.

Table 4. Association between family 3Hs and the use of different methods to communicate with family.2

Meansof commu-  Family harmony Family happiness Family health Family well-being
nication
Mean (SD) Beta(95% Cl)°  Mean (SD) Beta(95% Cl)° Mean (SD) Beta(95% Cl)°  Mean (SD) Beta(95% CI)°
Face-to-face
Seldom/never  7.04 (2.31) 0 6.76(2.32) 0 6.87(2.17) O 6.89(2.01) O
t‘i\r'r‘]'\';ygsome 7.78(1.48) 082(0.45,1.19)° 7-39(1.52) 059(0.22,096)¢ 7-39(1.50) 054(0.16,091)% 7-52(1.29) 065(0.330.97)°
Phone
Seldom/never  7.58 (1.77) 0 7.08(1.92) 0 727(172) O 7.32(155) O
g\rlr\:v;ys/some 778(146) 022(002,043° 744 (145) (36(015,056" 7-39(149) 006(-014,027) 7.54(127) (20(0.02 038
Email
Seldom/never  7.70 (1.55) 0 7.32(161) O 7.37(156) O 7.47(1.36) O
Alwayssome-  7.98(140) 014(-010,039) 7.62(131) 011(-0.15,036) 7.35(139) -020(-045,005) 7.66(118) 002(-020,023)
times

I nstant messaging
Seldom/never 7.70(1.67) O
0.01(-0.17,0.19)

7.28(1.76) 0

Always/some-  7.77 (1.41) 7.43(1.39)

times
Social media sites
Seldom/never 7.72(1.57) O
0.17 (-0.05, 0.38)

7.36(1.62) 0

Always/some-  7.80 (1.35) 7.35(1.32)

times

0.06(-0.13,0.24)

0.03(-0.19,0.24)

7.29(166) O
7.43(1.43) -0.01(-0.19,0.17)

7.43(1.46) 0
755(1.22) 0.02(-0.14,0.17)

7.37(157) O
7.38(1.36) 0.00 (-0.22, 0.21)

7.49(1.38) 0
752(1.11) 0.07(-0.11,0.26)

3Frequencies of use of communication methods were dichotomized as “very often/sometimes” and “seldom/never;” Family 3Hs ranged from O (totally
unhealthy/unhappy/inharmonious) to 10 (very healthy/happy/harmonious), with 5 indicating “haf-half.”

b Adjusting for sex, age, education attainment, monthly household income, and marital status.

P<.05
dp<.01
€p<.001

Discussion

Although research on the interplay between technological
advancements and family functioning are needed [11,15,27]
and increasingly reported, little consensus has been found on
the impact of ICTs on family well-being. Findings on Chinese
population are scarce and our study provides the first evidence
on ICTs use and perceived family well-being among Chinese
adults.

Overdll, the findings are consistent with studies elsewhere
[12,28,29] that showed traditional means of communication (ie,
face-to-face and phone) were most frequently endorsed
compared with emerging ICTs (ie, IM, social media, and email).
Our findings on the associations between sociodemographic
characteristics and use of different communication methods
also revealed similar trends and characteristics to those in the
literature [30,31]. Younger individuals would have grown up
in ageneration riddled with new technology and are, therefore,

http://www.jmir.org/2015/8/e207/

RenderX

more likely to embrace ICTsin variousforms. Higher education
level and higher household income were associated with more
frequent ICT use (ie, IM and email). One possible explanation
isthat individualswith higher education were more likely to be
professional workers or employed in office settings that have
greater access to computers and mobile phonesthat allowed for
IM and email use. Similarly, those with higher household
income may have greater resources (eg, financially) and
accessibility (eg, Internet connection at home, work, and mobile
subscription plans) to ICTs.

Of significance is that traditional methods of communication
(face-to-face and phone) were strongly associated with higher
levelsof perceived family well-being. Thisfinding isespecially
important given that recent studies suggested a transformative
trend toward more frequent use of ICTsthan traditional methods
of communication, particularly in the younger age group
[15,18,30,32]. Specificaly, we found that face-to-face
communication was significantly related to al 3 dimensions of
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family well-being (harmony, happiness, and health). Using the
phone as a communication method was also associated with
higher levels of family harmony, happiness, and family
well-being. One explanation isthat the quality of communication
through face-to-face and phones are richer than those of ICTs
and, thus, provide greater communication satisfaction [28].
Face-to-face communication conveys verbal, nonverbal, and
social context cues simultaneously and providesimmediate and
synchronized feedback. These are all fundamental qualities to
establishing human relationships that, in turn, affect family
well-being [33]. Particularly in Chinese societies, where the
style of communication is often indirect (messages are often
implicit and the meanings are to be inferred from contextual
cues), face-to-face communication represents an important
means of communication. Although not directly examining
family well-being, another study reported similar findings on
ICT use and perceived adolescent well-being [34]. More
frequent use of social media sites by college students to
communicate with their parents was more strongly associated
with self-reported loneliness. On the other hand, frequent phone
communication was associated with more positive qualitiesin
the parent-child relationship, including greater satisfaction,
intimacy, support, and instrumental aid [34].

Given the importance of face-to-face communication, our
findings support the notion that ICTs should not replace
traditional methods of communication, but rather should be
utilized as a supplement. Studies also found when ICTs were
used as a substitute, the effects on interpersonal relationships
were negative [35]. The absence of nonverba cues and tacit
knowledge makes communication difficult and hinders
relationship formation, cohesion, and trust [36]. For example,
the lack of social presence creates an environment in which
individuals easily misinterpret emotions and/or make incorrect
assumptions. However, when used as a complement to
face-to-face communication, ICTs facilitated the maintenance
of interpersonal relationships [35]. These studies along with
our findings suggest the importance of 1CTs supplementing
traditional methods of communication on improving family
well-being. Therefore, effortsto improve family communication
and well-being need to focus on informing individuals about
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the importance of faceto-face communication and the
opportunities and pitfalls that ICTs bring.

One of the limitations of this study isthe broad categories used
in assessing the different mediums of communication. For
example, wedid not differentiate between fixed-lineresidential
phone and mobile phone. We also did not incorporate
videoconference services, such as Skype and Jaber, which at
the time were seldom used. Another limitation is that we did
not assess the geographical distance between family members,
which can have an influence on the choice of communication
methods [17]. None-the-less, others found that compared with
other modes of communication, face-to-face communication
showed a strong positive relationship to frequency of contact
after controlling for locality [12]. The cross-sectional design
cannot be used to determine causality. The sampling method
only covered residential telephone directories; therefore,
househol dsthat used mobile phones only were excluded. Finaly,
datafromindividual syounger than 18 yearswere not collected.
Given that children and adolescents are more deeply immersed
in the digital world, examining their behaviors and pattern of
use may provide a clearer picture to how ICTs impact family
well-being across different life spans.

This study suggests several avenues for future research. The
quality of communication has rarely been measured [15,37].
The context and content of the dialog may provide moreinsight
asto the quality of the communication that islikely toinfluence
family relationships and family well-being more strongly. Future
studies are also needed to examine the diverse range of ICTs,
from preference and pattern of use to its association and
causality.

Although traditional methods remained as the main platform
for communication within the family and were associated with
better family well-being, a notable proportion were using new
ICT methods (ie, IM, sociad media sites, and email).
Saocioeconomic disparitiesin using these ICT methodsfor family
communication were observed. Because ICTs will continue to
diversify modes of family communication, more research is
needed to understand the impact of ICTs on family
communication and well-being.
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Abstract

Background: Web-based patient access to personal health information is limited but increasing in Canada and internationally.

Objective: Thisexploratory study aimed to increase understanding of how Web-based access to laboratory test resultsin British
Columbia (Canada), which has been broadly available since 2010, affects patients experiences.

Methods: In November 2013, we surveyed adultsin British Columbiawho had had alaboratory test in the previous 12 months.
Using a retrospective cohort design, we compared reported wait-time for results, test result comprehension, and anxiety levels
of “service users’ who had Web-based access to their test results (n=2047) with those of a general population panel that did not
have Web-based access (n=1245).

Results: The vast majority of service users (83.99%, 95% Cl 82.31-85.67) said they received their results within “afew days’,
compared to just over athird of the comparison group (37.84%, 95% Cl 34.96-40.73). Most in both groups said they understood
their test results, but the rate was lower for service users than the comparison group (75.55%, 95% CI 73.58-77.49 vs 84.69%,
95% Cl 82.59-86.81). Therewas no significant difference between groupsin levels of reported anxiety after receiving test results.

Conclusions:  While most patients who received their laboratory test results online reported little anxiety after receiving their
results and were satisfied with the service, there may be opportunities to improve comprehension of results.

(J Med Internet Res 2015;17(8):€191) doi:10.2196/jmir.4350

KEYWORDS

patient access to information; online access to laboratory results; consumer health solutions; personal health records; patient
anxiety; patient comprehension; laboratory results

laboratory test results has been available in most regions there
since 2010 [2]. Subscribers to the direct lab access service in
British Columbia create an account and register with secure
passwords; access to the service is free. Patients often learn
about the service and are provided secure access through the
lab facility. After alab test has been conducted, service users
obtain Web-based access to their test results. The lab report is
presented verbatim, as the ordering clinician would receive it,
without additional information. Figure 1 presents a screenshot
of a typical lab report, as would be available to patients.

Introduction

The use of consumer health solutions, including Web-based
patient accessto laboratory test results, islimited but expanding
internationally [1]. In Canada, more than 8 in 10 adults express
interest in use of such services, but in 2014, only about 6% said
that they had online access to their laboratory test results. In
British Columbia, availability was much higher than the national
average (27% of those surveyed). Web-based access to
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Ordering clinicians may contact their patients about the results
or not, based on their clinical practice. Physicians do not have
to subscribe to the service for patients to have accessto lab test
results.

Asarelatively new technology, thereis sparse literature about
the benefits and risks of direct patient access to lab test results
online, especially resultsthat are abnormal or require follow-up
with a health care provider [3]. For example, there isalack of
consensus on (1) best practicesin direct patient notification of
abnormal results, (2) whether patients will know what to do
with the results, and (3) how they will react if they receive
abnormal results online. Concerns about potential risks, such
as patient anxiety or confusion, have been documented in the

Figure 1. Screen capture of a samplelab report.

Mék et al

literature [4]. However, this association has not been found in
the small body of research to date in this area. On the other
hand, previous studies have identified advantages for patients
who accessed their personal health records, such as improved
quality of interactions with physicians, motivation to be better
informed about and manage their own health [5-7], aswell as
areduction of outpatient visits[8,9].

To our knowledge, this quasi-experimental study is the first to
assess the effects of direct patient access to medical |aboratory
testsin Canada. Results presented here pertain to the experiences
of British Columbia patients after seeing their lab test results
online, focusing specifically on comprehension of test results
and reported anxiety.
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Methods

Data Sources

The service user and comparison cohorts were recruited
separately. Service users were recruited from the subscriber
database of the British Columbia service provider, specifically,
from the approximately 15,000 subscriberswho had given prior
consent to be contacted for research purposes. Invitation emails
were sent directly by the service provider in November 2013
torandomly selected subscribers (n=11,300) who were 18 years
of age or older and had had amedical 1ab test conducted in the
previous 12 months, the results of which they had accessed
online. A pre-test of the survey was conducted among a small
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sample of participantsin the online service users cohort (n=24).
A total of 2047 service users fully completed the survey, for a
response rate of 18.12%. While the bulk of the service users
group consisted of participantswho had first received their most
recent test results online, some subscribers had first learned
their most recent result in-person from their health care
professional. Thelatter were omitted from some of the analyses
to isolate the impact of receiving results online.

The comparison cohort was recruited in December 2013 from
members of a general population panel maintained by Vision
Critical, the composition of which is benchmarked against
known census subgroups by age, gender, region, education, and
income. The Vision Critical panel consists of approximately
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130,000 panelists, of whom 15,000 reside in British Columbia.
Each month, the panel fields a monthly survey to keep
information about panelists current, to pre-screen panelists for
specific study objectives, and to keep them actively engaged in
the panel. In this case, the monthly screening tool served both
to identify a potential comparison group and to target
recruitment to match the online service users group as closely
as possible on characteristics of age and gender. Two questions
were used to pre-screen participants for our study: (1) “Have
you had any medical laboratory tests conducted in the past 12
months?’, and (2) “If yes, how did you receive the results for
your medical laboratory test(s): in-person, online, via mail,
email, or over the phone?’ The 20.60% of those screened who
reported having received results online in the past 12 months
weredisqualified from our study. A total of 2762 panelistswere
recruited for the comparison group; these were randomly
selected from demographic subgroups to balance the study
cohorts. Of these, 1245 people fully completed the survey,
resulting in a response rate of 45.08%.

Because of therelatively low response rate of service users, the
results obtained are not considered representative of the broader
population of online service users. The differencesin response
rates between the service users group and the comparison group
may also have resulted in response bias (ie, nonresponse and
voluntary response biases). Although statistical methods such
as analytical weighting were used to balance observable
characteristics of the two samples, differences in measured
outcome indicators can be confounded with unobservable
factors, such asfamiliarity with lab results or anxiety associated
with inexperience. The results of this study should be therefore
be interpreted with some caution. This study received ethics
approval from Institutional Review Board Services (IRBS),
Canada.

M easures

Our survey included four sections: (1) self-reported health status
and laboratory testing needs, (2) experience receiving the most
recent lab test result, (3) perception of Web-based access to
laboratory results (service users group only), and (4)
sociodemographic characteristics and access to online consumer
health solutions. Two questions were asked regarding
respondents’ comprehension of lab test results: (1) “Wasit clear
if you needed to follow-up with your doctor? (Yes/No)”, and
(2) “How confident are you that you fully understood your lab
results?” on a scae of 1-10 (where 1=Not at all
confident/10=Extremely confident).

The Globa Anxiety-Visual Analog Scale (GA-VAS) (where
“0” means “not at all anxious’ and “100" means “extremely
anxious’) was used because it has been reported to be useful
and valid in assessing anxiety as a single construct (with many
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perceptible gradations) and asameasure of anxiety at aspecific
point in time, such as pre-operative anxiety [10].

Analysis

Anayseswere conducted using SPSSversion 18.0. Preliminary
analysis of our sample showed that the service users group had
significantly more abnormal test results than the comparison
group (633/1806, 35.1% vs 144/897, 16.1%). Sincethisvariable
was seen as key to patients' overall experience, we weighted
the sample on this variable in order to adjust for its effect (see
Multimedia Appendix 1). Independent Student’s t tests for
means or proportions of responses were used to assess
differences between the two cohorts on sociodemographics,
comprehension, and anxiety. For categorica responses,
independent Student’st testswere used for inference instead of
distributional tests such as chi-square tests, in order to be able
to detect any substantial differences acrossthe specific response
items. In addition, logistic regression techniques were used to
examine the association between sociodemographic variables
and comprehension.

It should be noted that missing responses were excluded from
analyses. Also, in each table, niscalculated based on the actual
number of respondents in the sample, while proportions are
estimated with analytical weight.

Results

Sample Profile

Although the two cohorts were balanced in terms of age and
gender, there were some statistically significant differencesin
other sociodemographic characteristics and health status (see
Table 1). For example, the service users group included fewer
participants who were born in Canada and who spoke English
at home, more participants with university education, more
urban participants, and more who made over CAN $100,000in
annual income. In terms of health status, participants from the
service users group reported being in slightly poorer health than
the comparison group and having undergone more medical lab
tests (3 or more times) in the last 12 months.

Our overall sample included a high proportion of participants
over age 55 who had a chronic illness and who were therefore
more likely to require health care services. Women also
outnumbered men, consistent with existing literature, which
has found that more women subscribe to health portals than
men [11,12].

Outcome analyses were conducted...at the time of the
survey(1862/2047...respectively),  using the weighting
procedures described in Multimedia Appendix 1.
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Table 1. Characteristics of survey participants.

Service users group (n=2047) Comparison group (n=1245) P

n % n %

Gender

Mae 770 38.08 474 38.21

Female 1252 61.92 767 61.79
Agegroup, years

18-34 193 9.75 115 941

35-54 566 28.60 347 28.27

55+ 1220 61.65 765 62.32
Immigration status and language spoken at home

Born in Canada: yes 1429 70.29 1043 83.84 <.001

Language speak at home: English 1938 95.14 1231 98.91 <.001
Income, CAN$

<$50K 545 33.64 429 42.66 <.001

$50K -$100k 626 38.64 369 36.74

2$100K 449 27.72 207 20.60 <.001
Education

High school or less 164 8.18 155 12.76 <.001

Some/Completed college 708 35.29 515 42.30 <.001

Some university + 1134 56.53 547 44.93 <.001
Region

Greater Vancouver 1107 54.45 355 28.56 <.001

Vancouver Idand 442 21.74 287 23.12

BC Southern Interior 340 16.72 446 35.88 <.001

BC Northern Interior 23 111 66 5.28 <.001
Overall health (last 12 months)

Excellent/Very good 868 42.48 552 44.42

Good 710 34.75 445 35.78

Fair/Poor 465 22.76 246 19.79 <.05
Has a chronic health condition

Yes 1213 60.35 727 58.82
Number of medical lab tests conducted (past 12 months)

26 times 450 20.84 148 11.75 <.001

3-5times 834 40.55 412 33.05 <.001

2 times 440 2191 363 29.30 <.001

1ltime 323 16.70 322 25.90 <.001

- . 82.31-85.67) said they waited only “afew days’ following their
Wait Time to Receive Results lab test before receiving their results, compared to just over a
As expected, the wait time to receive lab test results was  third of the comparison group (37.84%, 95% Cl 34.96-40.73).
considerably shorter for the service users group, 87.50% Table 2 presentsmoreinformation about thewait timeto receive
(1624/1856) of whom first learned theresult of their most recent  |ah test results.

lab test online. The majority of service users (83.99%, 95% Cl

http://www.jmir.org/2015/8/€191/ JMed Internet Res 2015 | vol. 17 | iss. 8 [e191 | p.296
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Mék et a

Table 2. Wait time to receive lab resullts.

Service users group (n=1818), Comparison group (n=1087),
n (%) 95% Cl n (%) 95% Cl
Received results within a few days 1527 (83.99%) 82.31-85.67 411 (37.84) 34.96-40.73
Recsived results in about aweek 209 (11.50) 10.03-12.96 335 (30.85 3 28.11-33.61
Recsived resultsin 1-2 weeks 56 (3.08) 2.29-3.89 221 (20.32 %) 17.92-22.71
Received results between 2 and 4 weeks 16 (0.88) 0.45-1.31 85 (7.81%) 6.21-9.40
Received resultsin 4 weeks 10 (0.55) 0.21-0.89 35(3.18% 2.14-4.23

3p<.001

. as measured by a score of 7 or higher on a scale of 1-10. The
Comprenension of L ab Test Results majority of both service users and the comparison group were

All thosewho knew their most recent test results (n=2990) were  confident they understood the test results themselves, but the
asked about their confidence in fully understanding theresults,  percentage was lower for service users (see Table 3).

Table 3. Comprehension of lab resullts.

All who received results Service users group Comparison group
(n=1852), (n=1119),
n (%) 95% ClI n (%) 95% ClI
How confident are you that you fully understood your lab results (score=7-10)? 1399 (75.55) 73.58-77.49 948 (84.69%) 82.59-86.81
4P<.001

Tofurther explorewhat might influence patients' comprehension  assess how comprehension was influenced by the service itself
of their lab results, we conducted a logistic regression using and not simply by being a subscriber to the service more
sociodemographic and health service—related variables, and generally. As expected, first learning test results online was a
adjusted the resultsfor receipt of abnormal lab test results. The  significant negative predictor of comprehension, as were
variable “first learned the result onling” was used thistimeto younger ages and lower levels of education (see Table 4).
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Table 4. Very confident in fully understanding lab results (logistic regression; n=2796; 194 cases were excluded from analysis; % correct predicted

values: 79.2%).

95% ClI for exp b

B (SE) Lower exphb Upper

Gender
Female
Male (ref)
Education
High school or under
Some/Completed college
Some university and + (ref)
Age
18-34
35-54
55 and + (ref)
First learned theresult online
Yes
No (ref)
Having a chronic condition
Yes
No (ref)
Number of lab tests conducted (past 12 months)
26 times
<5 (ref)

Constant

-0.16 (0.10) 0.70 0.85 1.04

-0.72 (0.15)2 0.36 0.49 0.66

0.24 (0.10)° 0.65 0.79 0.97

-0.48 (0.16)% 0.45 0.49 0.85

-0.27 (0.11)2 0.62 0.77 0.95

-0.57 (0.10)2 0.47 0.57 0.69

-0.20 (0.10)° 0.68 0.82 1.00

0.20 (0.13) 0.95 122 157

2.15(0.13)2 8.58

3p<.001
bp<.05
p<.01

Anxiety

We also conducted between-group analyses on respondents’
reported level of anxiety after receiving their lab test results.
Sincethe distribution of GA-VAS scoreswas positively skewed,
we divided these into three categories: no reported anxiety (0),
“low” anxiety (1-49), and “some” anxiety (50-100). To isolate
theinfluence of Web-based access, we omitted from theanalysis
service users who had received the results of their most recent
test in-person from their doctor or usual place of care.

http://www.jmir.org/2015/8/e191/

We found no significant differences between service users and
the comparison group in their level of anxiety following receipt
of test results; as always, we adjusted for the effect of having a
test result out of the normal range. As seen in Table 5, the
majority of patients in both cohorts reported low or no anxiety
after receiving test results. Table 5 also shows the results of
analysis with a subgroup of participants in both cohorts who
had a chronic health condition. Here, differences between the
two cohorts emerged, such that service users reported being
significantly less likely to be anxious at both ends of the scale
(none and some).
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Table5. Anxiety after receiving lab test results.

Mék et al

All

Subsample of service userswho  Subsample comparison group
who learned otherwise

first learned results online
(n=1478),

n (%) 95% Cl

(n=1312),
n (%) 95% Cl

Subgroup with chronic condition

Subsample of service users
who first learned results on-
line (n=881),

n (%) 95% Cl

Subsample comparison group
who learned otherwise (n=779),

n (%) 95% Cl

No anxiety (0) 540 (36.54) 34.08-38.99 447 (34.05) 31.49-36.62 310 (35.19%) 32.03-38.34 239 (30.64) 27.40-33.89

Low anxiety (1- 734 (49.66) 47.11-52.22 670 (51.07) 48.37-53.78 453 (51.42) 48.12-54.72 401 (51.47) 47.96-54.98

49)

Some anxiety

(50-100) 204 (13.80) 12.04-15.56 195 (14.87) 12.95-16.80 118 (13.39) 11.14-15.64 139 (17.89% 15.19-20.58
3p<.05

We a so explored the link between anxiety and comprehension
among service users specifically, to determine if individuals
who first learned their results online and who reported lower
levels of comprehension al so reported more anxiety. To measure
comprehension in relation to anxiety, respondents were asked
how clear it was they needed to follow-up with their health care
provider. Asexpected, service userswho first learned the results
of their most recent lab test online and who indicated it was

clear they needed to follow-up were less likely to report no
anxiety (38.30%, 95% Cl 35.44-41.16) as those who reported
not being clear about the need for follow-up (29.84%, 95% ClI
24.69-34.98). The same pattern held at the other end of the
anxiety spectrum. Overall, Table 6 showsthat participants who
were not clear on the need for follow-up were more likely to
report being anxious.

Table 6. Anxiety level after receiving lab test results according to comprehension.

Service users who first learned results online (n=1412)

Clear if you need to follow-up? Yes (n=1107)

Clear if you need to follow-up? No (n=305)

n (%) 95% Cl n (%) 95% Cl
No anxiety (0) 424 (38.30%) 35.44-41.16 91 (29.84) 24.69-34.98
Low (1-49) 551 (49.77) 46.83-52.72 153 (50.16) 44.54-55.78

Some (50-100) 132 (11.92) 10.01-13.83

61 (20.00%) 15.50-24.50

3p<.001

Discussion

Principal Findings

Our findings suggest that patient experience overall can be
improved by the availability of Web-based lab results, but with
important caveats. Service users were more likely to report a
shorter wait for test results and high levels of satisfaction with
theonline service. Therewasno overall differencein post-result
anxiety levels between those who saw results online and those
who received results in other ways (eg, by mail or telephone),
although among the subset of patients with chronic conditions,
service userswerelesslikely to report anxiety. However, service
users were more likely to report lower comprehension of lab
test results than the comparison group, and there was a
significant correlation between anxiety and lower
comprehension. Thisis not surprising, given that the format of
lab results provided by the Web-based platform is the same as
that provided to ordering clinicians, with no additional
contextual or explanatory information for patients.

Our study results support Pyper et a’scall for moreinformation
and tools to help patients understand and interpret their health
information [5]. A range of tools has been suggested in the

http://www.jmir.org/2015/8/e191/

literature, including a glossary, integration with other health
records, and patient education/information support.

Limitations

Although our comparison sample was recruited from a general
population panel, differences between the service users group
and the comparison group—including the rate of abnormal test
results—somewhat limits the study’s external validity. The
service user group also had alower responserate at 18%, which
may indicate a possible response bias. Both cohorts were also
recruited online, so our findings may not apply to the rapidly
diminishing proportion of the population that does not have
Internet access and a degree of digital literacy.

We also do not know much about the sequence and timing
involved in obtaining test results by different means, and
follow-up information and support. For example, we could not
differentiate between tests conducted for diagnostic purposes
versus for monitoring a previously known health condition.
Additional clinical information would have provided a more
focused interpretation of results about the patient experience.
While we deliberately focused many of our survey questions
on the most recent test to enhance precision of responses (ie,
content validity) and their reliability, patients’ most recent tests
may not reflect their typical experience with lab tests or with
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direct lab access in general. Moreover, we did not focus our
study on the experiences of patients with abnormal test results,
possibly diluting any negative effects of Web-based access on
anxiety and comprehension, if they exist.

Finally, whilewe balanced our two cohortsas closely aspossible
and weighted the comparison cohort to take into account the
type of test result received (ie, in the normal range or not), the
quasi-experimental design of our study limits our ability to
attribute observed differencesto the intervention with the same
degree of confidence as with random assignment to treatment,
had that been possible.

Conclusions

Laboratory tests are among the most common interventions in
modern health systems, and effective communication of test
results and required follow-up is a priority for research. As
jurisdictionsaround the world move toward widespread adoption
of digital health technologiesfor patients, better understanding
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