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Abstract

Background: Electronic screening and brief intervention (eSBI) has been shown to reduce alcohol consumption, but its
effectiveness over time has not been subject to meta-analysis.

Objective: The current study aimsto conduct a systematic review and meta-analysis of the available literature to determine the
effectiveness of eSBI over time in nontreatment-seeking hazardous’harmful drinkers.

Methods: A systematic review and meta-analysis of relevant studies identified through searching the electronic databases
PsychINFO, Medline, and EMBASE in May 2013. Two members of the study team independently screened studiesfor inclusion
criteriaand extracted data. Studies reporting data that could be transformed into grams of ethanol per week were included in the
meta-analysis. The mean difference in grams of ethanol per week between eSBI and control groups was weighted using the
random-effects method based on the inverse-variance approach to control for differencesin sample size between studies.

Results: Therewas a statistically significant mean difference in grams of ethanol consumed per week between those receiving
an eSBI versus controls at up to 3 months (mean difference —32.74, 95% Cl —56.80 to —8.68, z=2.67, P=.01), 3 to less than 6
months (mean difference —17.33, 95% Cl —31.82 to —2.84, z=2.34, P=.02), and from 6 months to less than 12 months follow-up
(mean difference—14.91, 95% CI —25.56 to —4.26, z=2.74, P=.01). No statistically significant difference wasfound at afollow-up
period of 12 months or greater (mean difference —7.46, 95% Cl —25.34 to 10.43, z=0.82, P=.41).

Conclusions: A significant reduction in weekly alcohol consumption between intervention and control conditions was
demonstrated between 3 months and less than 12 months follow-up indicating eSBI is an effective intervention.

(J Med Internet Res 2014;16(6):€142) doi:10.2196/jmir.3193

KEYWORDS
alcohal drinking; intervention studies; Internet; computers, meta-analysis

(17.3% and 14.2%, respectively) [1]. It iswell documented that
those with problem alcohol use seldom seek help [2]; this may
be due to problems accessing treatment, or an unwillingnessto
do so, or failure of clinicianstoidentify their problem [3]. There
is a large body of research to support the effectiveness of
opportunistic screening and brief intervention (SBI) in reducing

Introduction

The hazardous and harmful use of alcohol isaglobal problem,
contributing 4.6% of the total global burden of disease, with
the highest rates reported in the European and American regions
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alcohol consumption and other alcohol-related outcomesin a
number of health care settings, including primary care[4,5] and
the emergency department [6,7]. A brief intervention typically
comprises a single face-to-face session, ranging from 5-30
minutes in duration, and up to a maximum of 4 sessions aimed
at providing information and advice that is designed to achieve
a reduction in hazardous’harmful alcohol consumption [4].
Degspite the effectiveness of SBI, there are anumber of barriers
toitswidespread implementation in health care settings. Health
care staff report that they lack the time and resources to carry
out training and delivery of SBI in routine practice and that they
lack the skills and knowledge necessary to do so [8,9].

Thewidespread use of computers, the Internet, and smartphones
hasled to the devel opment of electronic systemsto deliver SBI
that can potentially address some of the barriers to
implementation of traditional face-to-face SBI. Electronic SBI
(eSBI) hasthe potential to offer greater flexibility and anonymity
for the individual and reach a larger proportion of the in-need
population. For both adults and adolescents, eSBI (computer-,
Web-, and phone-based) can offer effective delivery of
interventions in both educational and health care settings that
may prove to be more acceptable than more traditional
(face-to-face) approaches[10-12]. Also, eSBI can offer amore
cost-effective aternative to face-to-face interventions. Previous
studies have shown that 1 in 8 individuals respond to SBI;
therefore, large numbers of people need to be screened to obtain
atime-limited effect in reduction in alcohol consumption [4,5].
With the advent of mobile and e-technologies potentially
increasing the population coverage of SBI, the potential cost of
delivery can be reduced because the main cost isincurred during
development of the intervention with limited additional costs
associated with its delivery [13]. Evidence from recent
systematic reviews has found eSBIsto be effective in reducing
alcohol consumption [14,15]. However, these reviews did not

http://www.jmir.org/2014/6/e142/
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address the effect of length of follow-up on acohol outcomes.
Cunningham and colleagues [16,17] conducted a randomized
controlled trial of the effectiveness of an Internet-based
intervention for alcohol misuse. They found that at 3- and
6-month follow-ups, those who had received the intervention
had a greater reduction in alcohol consumption compared to
controls. However, at 12-month follow-up the beneficial effects
of the intervention were no longer apparent.

The current study aims to conduct a systematic review and
meta-analysis of the available literature to determine the
effectiveness of eSBI over time in nontreatment-seeking
hazardous/harmful drinkers.

Methods

Search Strategy

A systematic search of the literature was conducted to identify
randomized controlled trials investigating the effectiveness of
€SBl to reduce alcohol consumption. Relevant studies were
identified through searching the electronic databases
PsychINFO, Medline, and EMBASE in May 2013. The search
strategy was adapted from the search terms used for the National
Ingtitute for Health and Care Excellence (NICE) guideline
systematic review for the effectiveness of
acamprosate/naltrexone [ 18], and the search terms used for the
Cochrane systematic review for the effectiveness of SBI for
alcohol misuse [4], combined with additional search terms
specific to electronic interventions to ensure a comprehensive
search of the available published literature. The search terms
used for thisreview are listed in Table 1. No date or language
restrictions were applied. In addition, the reference lists of
relevant review articles and key papers were hand searched.
Unpublished literature was considered to be beyond the scope
of this review.
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Table 1. Electronic database search terms.

Search term topic

Search terms

Termsfor alcohol use

Termsfor e-formats

1. alcohol-related disorder.mp.

2. acohol drinking.mp.

3. (alcohol and (use$ or abuse or misuse or dependen$ or drink$ or intoxication$ or disorder$ or consumption)).mp.
4. exp Alcoholism/ or (alcoholi$).mp.

5. ((hazard$ or binge or heavy or harmful or risk$) and drink$).mp.

6.1or2or3or4or5

7. limit 6 to abstracts

8. (drinker$l or (drink$ adj2 use$1) or ((alcohol$ or drink$) adj5 (binge$ or disorder$ or harm$ or hazard$ or heavy
or high risk or intoxicat$ or misus$ or problem$))). ti.ab.

9.70r8

10. exp Text Messaging/ or ((text-messag$) or (SMS) or (short message service) or (text adj messag$)).mp.
11. ((phone adj application$) or (phone adj app)).ti,ab,kw.

12. ((social-network) or ( socia network) or (social-media) or (social-media)).ti,ab,kw.

13. skype.ti,ab,kw.

14. exp telemedicine/

15. facebook.ti,ab,kw.

16. ((personal adj digital adj assistant) or pda).ti,ab,kw.

17. (surf$ near4 internet$).ti,ab,kw.

18. (surf$ near4 web$).ti,ab,kw.

19. (virtua adj reality).ti,ab,kw.

20. Second life.ti,ab,kw.

21. User-computer interface/

22. (consumer adj health adj informatics$).ti,ab,kw.

23. ((e adj hedlth) or e-health or (electronic adj health)).ti,ab,kw.

24. (interactive adj ((health adj communicat$) or televise$ or video$ or technolog$ or multimedia)).ti,ab,kw.
25. ((bulletin adj board$) or bulletinboard$ or messageboard$ or (message adj board$)).ti,ab,kw.
26. (blog$ or web-log$ or weblog$ ).ti,ab,kw.

27. ((chat adj room$) or chatroom$).ti,ab,kw.

28. (online or on-line).ti,ab,kw.

29. exp internet/ or ((internet adj based) or internet-based).ti,ab,kw.

30. ((web adj based) or web-based).ti,ab,kw.

31. ((world adj wide adj web) or (world-wide-web) or WWW or (world-wide adj web) or (worldwide adj web) or
website$).ti,ab,kw.

32. ((electronic adj mail) or email$ or email$).ti,ab,kw.

33. (((mobile or cellular or cell or smart) adj (phone$ or telephone$)) or smartphone).ti,ab,kw.
34. ((CD adj ROM) or cd-rom or cdrom or (compact adj dis$)).ti,ab,kw.

35. (decision adj (tree$ or aid$)).ti,ab,kw.

36. (Internet or (local adj area adj network)).ti,ab,kw.

37. (computer$ or microcomputer$ or laptop).ti,ab,kw.

38. exp Software-/

39. exp Computer-Graphics/

http://www.jmir.org/2014/6/e142/
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Search term topic

Search terms

Brief interventions

40. exp Public-Health-Informatics/
41. exp Audiovisual-Aids/

42. exp Decision-Support-Techniques/
43. exp Medical Informatics/

44, exp Computer-Systems/

45, (or/10-44)

46. alcohoal reduction.mp.

47. brief intervention.mp.

48. early intervention.mp.

49, minimal intervention.mp.

50. alcohol therapy.mp.

51. Harm Reduction/

52. screening.mp.

53. (counseling or counselling).mp.

54. controlled drinking.mp.

55. (brief counseling or brief counselling).mp.
56. physician based intervention.mp.

57. genera practitioner intervention.mp.

58. Secondary Prevention/

59. general practitioner’s advice.mp.

60. brief physician-delivered counseling.mp.
61. brief nurse-delivered counseling.mp.

62. identification.mp.

63. intervention.mp.

64. or/46-63

Termsfor randomized controlled trial

65. exp clinical trial/ or (crossover procedure or double blind procedure or placebo$ or randomization or random
sample or single blind procedure).sh.

66. exp clinical trial/ or cross-over studies/ or double-blind method/ or random allocation/ or randomized controlled
trials as topic/ or single-blind method/

67. exp clinical trial/ or (placebo or random sampling).sh.
68. (clinical adj2 trial$).tw.
69. (crossover or cross over).tw.

70. (((single$ or doubl$ or trebl$ or tripl$) adj5 blind$) or mask$ or dummy or singleblind$ or doubleblind$ or treble-
blind$ or tripleblind$).tw.

71. (placebo$ or random$).mp.

72. (clinical trial$ or controlled clinical trial$ or random$).pt. or treatment outcome$.mp.
73. animas/ not human$.mp.

74. animal$/ not human$/

75. (0r/65-72) not (or/73-74)

76. and/9,45,64,75
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Selection Criteria
Theinclusion criteriafor thisreview were as follows:

1. Randomized controlled, parallel grouptrial comparing eSBI
with acontrol condition (ie, care asusual, assessment only,
nonintervention);

2. Participants were identified, through screening, as
consuming alcohol to a hazardous level;

3. Measured alcohol reduction by independent reports of
drinking quantity (eg, average consumption of alcohol per
specified time period), including self-reports or reportsfrom
others of drinking frequency (eg, number of drinking
occasions per specified time period), drinking intensity (eg,
number of drinks per drinking day), or drinking within
recommended limits (eg, official recommendations per
specified time period), or levels of laboratory markers of
reduced acohol consumption, such as serum
gamma-glutamyltransferase (GGT) or mean corpuscular
volume (MCV); and

4. Trial arms had at least 10 participants.

We defined eSBl as an electronic intervention aimed at
providing information and advice designed to achieve a
reduction in hazardous/harmful acohol consumption with no
substantial face-to-face therapeutic component. SBI wasdefined
as a brief intervention comprised of a single session, ranging
from 5-45 minutes in duration, and up to a maximum of 4
sessions aimed at providing information and advice designed
to achieve a reduction in hazardous’/harmful alcohol
consumption. Studies were not deemed dligiblefor inclusion if
participants were alcohol dependent, mandated to complete
eSBI, or a presel ected specific group such as pregnant women.
There were no restrictions on age.

Identification of Included Studies

After each search, references were downloaded to the electronic
bibliographic management software EndNote and duplicates
were removed. Relevant titles were first identified and then
abstractswere screened against inclusion criteria. If insufficient
information was available in the abstract, the full text was
retrieved. Eligibility was confirmed by at |east one other member
of the review group. The methodological quality of each study
was assessed using the Scottish Intercollegiate Guidelines
Network (SIGN) validated checklist [19]. Each question in the
checklist covers an aspect of research methodology and was
rated aspresent, absent or “can’t say” if inadequateinformation
was availableintheresearch article. An overall rating of quality
was assigned to each article based on the checklist criteria:

1. Highquality: Mgjority of criteriamet with littlerisk of bias
and conclusions unlikely to change by further research.

2. Adequate: Most of the criteria met with some risk of bias
and conclusions may change in light of further research.

3. Low quality: Most criteria not met or significant flaws
relating to key aspects of the study design and conclusions
likely to changein light of future research.

Data Extraction

A Microsoft Word-based form was used to extract data from
eligible research papers. Data extraction was conducted

http://www.jmir.org/2014/6/e142/

Donoghue et a

independently by 2 members of the research team and consensus
agreement reached by discussion between the 2 members if
discrepancies arose. An intention-to-treat analysis was used
wherever possible. If the study was a 3-arm trial, the control
group sample size was divided by 2; if it was a 4-arm trial, it
was divided by 3 to avoid double counting.

Data Analysis

For the continuous variabl e (grams ethanol consumed per week)
the mean difference was weighted using the random-effects
method based on the inverse-variance approach to control for
differencesin sample size between studies. Alcohol consumption
data are often not normally distributed. Because of this, some
studi es reported the sample median and range/interquartile range
(IQR) and not the mean and standard deviation (SD). If
appropriate data were not available in the published research
papers, to calculate an effect size (ie, the mean, SD, and sample
size), authorswere contacted to request the required data. If the
authorswere unableto providethisdata, the mean and SD were
imputed from the median and range using the method proposed
by Hozo et a [20]. If only the median and the IQR were
available, the median was taken as an estimate of the mean and
the IQR was divided by 1.35 (the distance in SDs from the
mean). |f appropriate data to estimate an effect size could not
be obtained or imputed, the triadl was not included in the
meta-analysis. Some of the studiesincluded in the meta-analysis
had more than one trial arm. The number of participantsin the
control arm was divided by 2 for a 3-arm trial and by 3 for a
4-arm trial to avoid double counting and undue weighting.

Alcohol consumption, reported asthe number of standard drinks
per week, was converted into grams of ethanol per week using
thedefinition for astandard drink reported in theresearch article.
If thiswas not reported, the established standard for the country
in which the research took place was used [21]. If alcohol
consumption was reported per month versus per week, it was
adjusted by multiplying by 52/12, or multiplied by 7 if reported
as grams per day [4].

To check for the consistency of effects across studies, Cochran
Q was calculated to determine the presence of heterogeneity

and the magnitude was measured using 12. The |2 statistic was
interpreted in the following way based on Higgins et al [22]:
Research studies that produce statisticaly significant results
may be more likely to be published than those with
nonstatistically significant results, resulting in a “file-drawer”
effect. Similarly, those studiesthat produce resultsin an opposite
direction to that hypothesized and have asmall sample size may
belesslikely to be published. Thisisreferred to as publication
biasand it was assessed using funnel plots and Egger’sweighted
regression method. A significant Egger’s test indicates the
possibility of the presence of publication bias.

The length of follow-up period can vary between individual
studies and there may be more than one point of follow-up per
study. Therefore, subgroup analysis was performed for up to 3
months, between 3 and less than 6 months, between 6 and less
than 12 months, and 12 months or greater follow-up length
postintervention.
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Results

Study Char acteristics

A total of 23 studies were deemed eligible for inclusion in this
systematic review [16,17,23-44] (Figure 1); Tables 2 and 3
present the study characteristics. Sufficient data was available
toalow analysisof just onevariable: grams per week of ethanol
consumed. If sufficient datato cal culate meansand SDsfor this
outcome were not reported in the published article, authorswere
contacted. Data were provided by the authors for 3 studies
[17,39,41]. Data on acohol consumption that could be
transformed into grams per week of ethanol were not collected
in 2 studies [25,27] and insufficient data to caculate the
weighted mean difference (WMD) in grams of ethanol per week
were reported in 4 studies [23,28,29,42]. Therefore, atotal of
17 studies were included in the meta-analysis (1 study was

http://www.jmir.org/2014/6/e142/
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published in 2 papers [16,17]. Most of these studies were
conducted with student populations (13/17, 76%) and in the
United States (10/17, 59%). All study interventions were either
computer- or Web-based. The content of the interventions
included an assessment followed by personalized and/or
normative feedback. Control conditions generally consisted of
an assessment with no further feedback, but 4 studiesincluded
general information on acohol consumption for those in the
control conditions [25,28,33,35]. There was some variation in
the dose of the intervention with the reported time taken to
completetheintervention ranging from lessthan 5 minutes[34]
to 45 minutes [37]. The dose of exposure to the intervention
could also beincreased through repeated access during the study
period [24] and/or a printed copy of the personalized feedback
provided [26,31,36,38,40,43]. The attrition rate was highly
variable between studies, ranging from 1% or 2% (eg, Hester
et a [30]) up to more than 50% [42]
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Study ID? Male, n (%) Mean age (SD) Population Recruitment
Araki et al, 2006 [23] 24 (100) Japan, employees of amanufac- Not reported
turing plant with available annual
health check-up data
€SBl (n=12) 44.3(7.2)
Control (n=12) 43.8(7.3)
Blankerset al, 2011 [24] Netherlands, adult general popu-  Visitorsto the Collaborating Substance
lation Abuse Treatment (SATC) website
€SBl (n=68) 40 (58.8) 41.1(9.6)
Control (n=69) 35 (50.7) 43.7 (9.3)
Boon et al, 2011 [25] 450 (100) Netherlands, adultsinthegeneral  Nationally representative online
population household survey
€SBl (n=230) 40.6 (15.2)
Control (n=220) 40.3(15.1)
Butler et al, 2009 [26] United States, undergraduate Not reported
university students
€SBl (n=30) 11 (36.7) 20.6 (1.48)
Control (n=26) 9(34.6) 20.4 (1.49)
Cunningham et al, 2009 [16]; Canada, adultsin the general Randomly selected from an on-going
Cunningham et al, 2010 [17] population general population telephone survey
€SBl (n=92) 53 (57.6) 39.5(13.5)
Control (n=93) 45 (48.4) 40.8 (13.9)
Cunningham et al, 2012 [27] 118 (52.5) 22,6 (12.2) Canada, university students Randomly selected using student email
addresses
€SBl (n=211)
Control (n=214)
Ekman et al, 2011 [28] Sweden, third-year university Email invitation to al third-year stu-
students dents
€SBl (n=330) 152 (46.1) N (%):18-20=43
(13), 21-25=264
(80), 226=23 (7)
Control (n=324) 120 (37.0) N (%) : 18-20=49
(15), 21-25=233
(72), 226=29 (9)
Hansen et al, 2012 [29] Denmark, adultsinthe general  Identified through the Danish Health
population Examination Survey, those identified
as heavy drinkers were sent an email
invitation to take part
€SBl PFl (n=476) 271 (56.9) median=61
€SBl PBA (n=450) 246 (54.7) median=59
Control (n=454) 244 (53.7) median=60
Hester et al, 2012 [30] United States, university students  Identified through advertisementsin
the college newspaper and around the
campus
Exp 1: eSBI (n=65) 41 (63.1) 20.5(1.80)
Exp 1: Control (n=79) 49 (62.0) 20.3(1.63)
Exp 2: eSBl (n=42) 23(54.8) 20.0(1.52)
Exp 2: Control (n=40) 23 (57.5) 20.3 (2.09)
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Study ID? Male, n (%) Mean age (SD) Population Recruitment
Hester et al, 2005 [31] 32(52.5) Males=46.1 (13.8);  United States, adult general pop- Identified through advertisementsin
females=45.2 (9.4) ulation the media
€SBl (n=35)
Control (n=26)
Kypri et al, 2009 [32] Australia, random sample of un-  Students were sent aletter by mail fol-
dergraduate university students  lowed by an email containing a Web
link to the study questionnaire; up to 4
email reminders were sent
eSBI=1251 687 (54.9) 19.7 (1.8)
Control=1184 645 (54.5) 19.7 (1.8)
Kypri et al, 2008 [33] New Zedland, usersof auniversi- Thoseleaving the student health service
ty student health service reception desk were consecutively ap-
proached and invited to participate
€SBl (n=138) 67 (48.6) 20.1
Control (n=146) 70 (47.9) 20.1
Kypri et al, 2013 [34] New Zealand, Maori university  Invited by email with up to 3 reminder
students emails
€SBl (n=939) 35.7 20.2 (1.9)
Control (n=850) 33.2 20.1(2.2)
Kypri et al, 2004 [35] 52 (50.0) New Zealand, usersof auniversi- Those checking into the reception of
ty student health service the student health service were invited
to take part
eSBI (n=51) 19.9 (1.4)
Control (n=53) 20.5(1.8)
Lewiset al, 2007 [36] 18.5(2.04) United States, university students  All students enrolled for first-year ori-
enrolled in first-year orientation  entation were invited to take part
eSBI specific (n=75)
eSBI neutral (n=82)
Control (n=88)

Murphy et al, 2010 [37] 18.6 (1.2 United States, university students  Students enrolled in introductory

classes were invited to take part
€SBl (n=45)
Control (n=42)
Neighborset al, 2004 [38] 104 (41.3) 18.5(1.24) United States, university students  Students attending psychology classes
from psychology classes were invited to take part
€SBl (n=126)
Control (n=126)
Neighborset al, 2010 [39] 208 (42.4) United States, incoming universi-  Incoming university freshmen were
ty freshmen students invited to complete a Web-based sur-
vey sent viaemail and post
€SBl GSF (n=163)
eSB| GNSF(n=164)
Control (n=163)

Neumann et al, 2006 [40] Germany, trauma center Patients attending atraumacenter were
invited to take part after provision of
initial care and resolution of significant
pain

€SBl (n=561) 449 (80.0) median=30
Control (n=575) 449 (78.1) median=31
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Study ID? Male, n (%) Mean age (SD) Population Recruitment
Palfai et al, 2011 [41] 18.6 (1.45) United States, university students  Students attending an introductory
attending anintroductory psychol-  psychology class were invited to take
ogy class part
€SBl (n=56)
Control (n=63)
Spijkerman et al, 2010 [42] Netherlands, volunteer members  Registered members of an open access
of an open access panel aged 15- panel were invited to take part via
20 email
€SBl NNF (n=192) 74 (38.5) 18.2(1.55)
eSBI NF (n=193) 82 (42.5) 18.1 (1.54)
Control=190 69 (36.3) 18.1 (1.59)

Wagener et al, 2012 [43] United States, university students  Invited to participate viaemail using
an online participant pool management
system

€SBl (n=39) 18 (46.2) 20.3 (1.67)
Control (n=37) 19 (51.4) 20.3 (1.49)

Walterset al, 2009 [44] 19.8 (SD not report-  United States, university students  University students invited via email,

ed) presentations, and posters at the univer-

€SBl (n=67)
Control (n=69)

sity

8eSBI: electronic screening and brief intervention; GNSF: gender-nonspecific; GSF: gender-specific; NF: intervention with normative feedback; NNF:
intervention without normative feedback; PBA=personalized brief advice intervention; PFI=brief personalized feedback intervention.
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Table 3. Characteristics of screening, experimental, and control interventions, and nature and timing of assessments.

Study ID

Screening cutoff?

€SBl details?

Control group

Dropouits at follow-up, n (%)2

Araki et al, 2006
(23]

Blankers et a,
2011 [24]

Boon et al, 2011
(29]

Butler et al, 2009
(26]

Cunningham et
al, 2009 [16] and
Cunningham et
al, 2010 [17]

Cunningham et
al, 2012 [27]

Ekman et al,
2011 [28]

Hansen et al,
2012 [29]

Hester et al, 2012
(30]

Abnormal levels of gamma-
glutamy! transpeptidase

AUDIT score =8 and reported
drinking average 14 standard
drinks per week

Exceeding Dutch guideline for
low risk drinkers (>20 alcohol
units per week or > 5 alcohol
units on asingle occasion on at
least 1 day/week)

22 binge drinking occasions
(=5 drinksin 1 sitting for men
and 4 or more for women) and
2 acohol-related problemsin
the past 28 days Standard
drink=14 g ethanol

Score =4 on the AUDIT-C
(standard drink=13.6 g ethanol)

Score 24 on the AUDIT-C

(1) Weekly acohol consump-
tion >120 g ethanol (women)
or 180 g ethanol (men) ina
typical week in the past 3
monthsand/or (2) engaged with
heavy episodic drinking defined
as consuming =48 g of ethanol
(women) or =60 g of ethanol
(men) on =2 occasionsin the
past month

Above recommended max
drinking limit set by the Danish
National Board of Health of 14
drinks/168 g ethanol for women
or 21 drinks/252 g for men
(standard drink=12 g ethanol)

Met the National Institute for
Alcohol and Alcohol Abuse
(2004) criteriafor heavy
episodic drinking of >4 drinks
per occasion (women) or =5
drinks per occasion (men) at
least oncein past 2 weeks and
an estimated peak blood alco-
hol concentration of 80 mg%
or more (standard drink=14 g
ethanol)

Personalized feedback and advice sent
via2 emails 1 month apart; encouraged
to ask questions via email

Access to an online self-help program
based on motivational interviewing and
cognitive behavioral therapy principles,
suggested daily use for 4 weeks

Single, 20-min brief personalized feed-
back session through website with the
opportunity to print the feedback

Single, average 11-min session of com-
puter-delivered personalized feedback
and a paper copy to take home

Single, 10-min session completing Check
Your Drinking online intervention of
normative and personalized feedback

Accessto the Check Your Drinking
University version online intervention
of normative and personalized feedback;
intervention could be accessed repeated-
ly

Single session intervention of personal-
ized normative feedback delivered via
email

PFI: fully automated, Internet-based
single session of brief personalized and
normative feedback; PBA: fully automat-
ed, Internet-based single session of brief
personalized feedback and advice

Self-guided College Drinkers Check-up,
delivered online, single session taking
up to 35 min to complete; assessment,
normative feedback, and advice

Assessment only

Assessment only

Assessment and
educational |eaflet,
instructed to read
the leaflet for 20
min and could
print the material

Assessment only

Assessment and a
list of possible
componentsto in-
cludein aninter-
vention

Assessment only

Assessment and
brief feedback con-
sisting of 3 state-
ments

Assessment only

Assessment only

2 mo: (1 participant was not in-
cluded in the analysis but the
group that they were randomized
to was not reported)

3 mo: eSBI: 20 (29.4), control:
18(26.1)

1 mo: eSBI: 18 (7.8), control: 19
(86)

6 mo: eSBI: 22 (9.6), control: 25
(11.4)

4w: eSBI: 9 (30.0), control: 4
(15.4)

3 mo: eSBI=7 (7.6), control: 3
(32

6 mo: eSBI: 7 (7.6), control: 8
(8.6)

12 mo: eSBI: 11 (12.0), control:
11 (11.8)

6 w: eSBI: 59 (28.0), control: 75
(35.0)

3 mo: eSBI: 125 (37.9), control:
113 (34.9)

6 mo: eSBI: 78 (24), control: 80
(24)

6 mo: eSBI PFI: 186 (39.0), eSBI
PBA: 171 (38.0), control: 150
(33.0)

12 mo: eSBI PFI: 109 (22.9),

€SBl PBA: 108 (24.0), control:
95 (20.9)

Exp 1 (1 mo): eSBI: 2 (3.1),
control: 2.5)

Exp 1 (12 mo): eSBI: 6 (9.2),
control: 8 (10.1)

Exp 2 (1 mo): eSBI: 0 (0.0),
control: 1 (2.5)
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Study 1D Screening cutoff? eSB| details? Control group Dropouits at follow-up, n (%)2
Hester etal, 2005 Score =8 AUDIT (standard Computer-based DCU, assessment, Assessmentonly 4 w: not reported
[31] drink=14 g ethanol) feedback, and decision-making modules;

single session can take up to 90 min to
complete with the option of printing the

feedback
Kypri et a, 2009 Score=8 on AUDIT and ex- Single online session of personalized Assessment only 1 mo: eSBI: 288 (23.0), control:
[32] ceedingthe Australian National  feedback 237 (20.0)
Health and Medical Research 6 mo: eSBI: 442 (35.3), control:
Councils guideline for acute 420 (35.5)

risk (defined as 4 standard

drinks for women or 6 for men
inasingle occasion in the last
4 weeks); standard drink=10 g

ethanol
Kypri et a, 2008 AUDIT score =8; standard Single computer-delivered session of Assessmentandal- 6 mo: eSBI: 22 (15.9), control:
[33] drink=10 g ethanol personalized and normative feedback cohol factsleaflet 22 (15.1)
taking a median 9.3 min to complete 12 mo: eSBI: 25 (18.1), control:
20(13.7)
Kypri et a, 2013 Score=4 on AUDIT; standard ~ Single online session of personalizedand Assessment only 5 mo: eSBI: 207 (22.0), control:
[34] drink=10 g ethanol normative feedback taking amedian 4.3 170 (20.0)

min to complete

Kypri et a, 2004 Score=8 on AUDIT and con-  Computer-delivered single session of Assessmentandal- 6 w: eSBI: 9 (17.6), control: 12

[35] suming >4 standard drinks for  personalized feedback cohol factsleaflet  (22.6)
men or >6 for women on 21 6 mo: eSBI: 4 (7.8), control: 6
occasion in past 4 weeks (stan- (11.3)
dard drink=10 g ethanol)
Lewiset al, 2007 =1 heavy episode (=4 standard eSBI specific: gender-specific Web- Assessment only 5 mo: eSBI specific: 11 (14.7),
[36] drinksin 1 sitting for women  based personalized normative feedback; eSBI neutral: 15 (18.3), control:
and =5 standard drinksin 1 sit- eSBI neutral: gender-neutral Web-based 10 (11.9)

ting for men) inthe previous  personalized normative feedback; feed-
month; standard drink=14 g back was read on screen and participants

ethanol were given printout to take home
Murphy et a, >2 heavy drinking episodesin Interactive, Web-based intervention, E-  Assessmentonly 1 mo: eSBI: 7 (15.6), control: 3
2010 [37] the past month (describedas=4 CHUG (Electronic Check-up and Go), (7.2)

standard drinkson 1 occasion  assessment and personalized feedback

for women and =5 standard in asingle session lasting up to 45 min

drinks for men) or =1 heavy with abrief comprehension test on com-
drinking episodes for minority pletion

students; standard drink=14 g

ethanol

Neighborsetal, =1 heavy drinking episodein  Single computer-delivered session of Assessment only 3 mo: whole sample: 53 (21.0)
2004 [38] the previous month (defined as  personalized normative feedback present- 6 mo: whole sample: 45 (17.9)
4 standard drinksin 1 sittingfor  ed on screen for 1 min plus a printout
women and 5 standard drinks
for men); standard drink=14 g

ethanol
Neighborseta, =5 drinksfor menand >4 eSBI GSF: single session delivered on-  Assessmentandan 6 mo: eSBI GSF: 10 (6.1), eSBI
2010 [39] drinks for women on =1 occa-  line giving personalized gender-specific  attentiontest (facts GNSF: 16 (9.8), control: 13 (8.0)
sionsin the past month; stan-  feedback; eSBI GNSF: single session about the universi- 24mo; eSBI GSF: 33(20.2), €S-
dard drink=14 g ethanol delivered online giving personalized ty studentswere g GNSF: 25 (15.2), control: 31
gender-nonspecific feedback presented in the (19.0)
same format asthe
intervention)
Neumanneta,  AUDIT score=5 Single session of computer-generated ~ Assessmentonly 6 mo: eSBI:=213 (37.9), control:
2006 [40] feedback and a printout to take home 207 (36.0)
12 mo: eSBI: 252 (44.9), control:
224 (39.0)
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Study ID

Screening cutoff?

€SB details?

Control group Dropouits at follow-up, n (%)2

Palfai et al, 2011
(41

Spijkerman et d,
2010[42]

Wagener et al,
2012 [43]

Walters et al,
2009 [44]

Hazardous drinkers who either
(1) consumed alcohol in the
past month and scored =8 on
AUDIT or (2) reported =2
heavy drinking episodes (de-
fined as =5 drinks for men or
>4 drinksfor women in the past
month; standard drink=14 g
ethanol)

Age 15-16 y: engage in binge
drinking at least once amonth;
age 17-20 y: engaged in binge
drinking =1/week; binge drink-
ing defined asdrinking =4 alco-
holic drinks for women or 26
for men on 1 occasion; standard
drink=10 g ethanol

>1 heavy drinking session (=5
drinks on 1 occasion for men
or >4 for women), drinking =20
drinks/month on average and
experiencing negative conse-
guences of that use in the last
month (standard drink=14 g
ethanol)

Reported >1 heavy drinking
session in the past 2 weeks de-
fined as =5 standard drinks for
men and =4 standard drinksfor
women (standard drink=14 g
ethanol)

Single computer-delivered session of
personalized, normative, and gender-
specific feedback

eSBI NNF: single online session of per-
sonalized feedback tailored to age and
gender, took ~15 min to complete; eSBI
NF: single online session of personalized
normative gender- and age-specific
feedback, took ~15 min to complete

Single session using of computer-deliv-
ered assessment personalized feedback

using an interactive program (DRAFT-

CS), took ~45 min to complete; partici-
pants were given printout of their feed-

back

eSBI: single session of personalized
feedback delivered through the online
Check-Up to Go

Assessment and
health guidelines
for sleep and con-
sumption of fruit
and vegetables

1 mo: whole sample: 0 (0.0)

Assessment only 1 mo: eSBI NNF: 92 (47.9), eSBI

NF: 93 (48.2), control: 68 (35.8))

3 mo: eSBI NNF: 106 (55.2),
eSBI NF: 104 (53.9), control: 87
(45.8)

Assessment only 10 w: eSBI: 2 (5.1), control: 3

(81)

Assessment only 3 mo: eSBI: 9 (13.4), control: 6

(87)

6 mo: eSBI: 13 (19.4), control: 8
(11.6)

8eSBI: electronic screening and brief intervention, AUDIT: Alcohol Use Disorders Identification Test, PFI: brief personalized feedback intervention,
PBA: personalized brief advice intervention, DCU: Drinkers Check Up, GSF: gender-specific, GNSF: gender-nonspecific, NNF: intervention without
normative feedback, NF: intervention with normative feedback, FBO: feedback only, DRAFT-CS: Drinking Assessment and Feedback Tool for College

Students.
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Figure 1. Flow diagram of study selection and inclusion.

Donoghue et a

Records identified through
database searching (duplicates

Additional records identified
through other sources

removed) (n=5)
(n = 845)
\ 4
Records screened Records excluded
(n= 850) (n =781)
Full-text articles assessed Full-text articles excluded,
o p did not meet inclusion
for eligibility o
(n = 69) criteria
(n=46)
¥
Studies included in Fullf-text arhtcles e>|<c|t.1ded
qualitative synthesis " rom rr;e f-sa;’na ysis
(n=23) 0=

)

Studies included in
guantitative synthesis
(meta-analysis)

(n=17)

Grams of Ethanol per Week

Nine studies included data for a follow-up period of up to 3
months (mean 1.06 months, SD 0.18), 6 studieswith afollow-up
period between 3 and less than 6 months (mean 3.86 months,
SD 1.07), 8 studies with afollow-up period between 6 and less
than 12 months (all included studies had a follow-up period of
6 months ), and 5 studies included data for a follow-up period
greater than 12 months (mean 16 months, SD 6.20) (Figure 2).
There was a statistically significant difference in pooled mean
difference in grams of ethanol per week consumed between
those who received the eSBI and controls for follow-up period
subgroups up to 3 months, between 3 and less than 6 months,
and between 6 and less than 12 months (Table 4). This

http://www.jmir.org/2014/6/e142/

RenderX

difference represents a significantly lower mean number of
grams of ethanol consumed per week at follow-up by those in
the eSBI group compared to controls. Therewas no statistically
significant difference between groupsin pooled mean difference
in grams of ethanol per week for long-term follow-up. The
greatest difference was found at less than 3 months follow-up,
which decreased with length of follow-up (Figure 3).

There was statistically significant and moderate heterogeneity
between studies included at less than 3 months follow-up.
Heterogeneity was not statistically significant for any of the
other follow-up groups. Egger’'s test was not statistically
significant for all follow-up periods, indicating an absence of
publication bias.
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Table 4. Results of meta-analysis including significance test and heterogeneity statistics.

Follow-up period Samplesize, n Mean difference Heterogeneity statistic
significance test
Experimental Control z P Q df P 12
<3 months 1305 1307 2.67 .01 17.19 8 .03 53.5%
3-6 months 1211 811 2.34 .02 8.62 6 .20 30.4%
6-12 months 1921 1751 274 .01 10.91 8 21 26.7%
=12 months 899 816 0.82 41 8.49 5 13 41.1%

Figure 2. Forest plot for weighted mean difference (WMD) in grams of ethanol per week at follow-up between those in the eSBI group and controls.

Study %
ID WMD (95% Cl) Weight
1
Up tp 3 months |
Butler 2009 —_— | -71.12 (-106.06, -36.18) 3.09
Hester 2005 g : -139.16 (-273.95, 4.37) 0.27
Hester_exp1 2012 ———r—— -36.40 (-97.91, 25.11) 1.20
Hester_exp2 2012 & + -138.60 (-280.86, 3.66) 0.24
Kypri 2004 —_—— -10.00 (-73.90, 53.90) 1.12
Kypri 2009 -+ -20.00 (-28.02, -11.98) 10.54
Murphy 2010 —— -42.84 (-113.74, 28.06) 0.93
Palfai 2011 —— -13.16 (-50.57, 24.25) 278
Wagener 2011 1 -4 64.40 (-33.23, 162.03) 0.51
Subtotal (l-squared =53.5%, p = 0.028) O -32.74 (-56.80, -8.68) 20.69
: I
Between 3 and less than 6 months !
Blankers 2011 — -85.00 (-166.09, -3.91) 0.72
Cunningham 2009 e — -5.44 (-43.93, 33.05) 2.66
Kypri 2013 - -10.00 (-19.16, -0.84) 1012
Lewis_GN 2007 =vemif— -36.54 (-73.64, 0.56) 282
Lewis_GS 2007 —— -42.70 (-79.96, -5.44) 2.80
Neighbors 2004 —— -10.08 (-39.45, 19.29) 3.95
Walters_FB 2009 21.14 (-45.63, 87.91) 1.04
Subtotal (l-squared = 30.4%, p = 0.196) -17.33 (-31.82, -2.84) 2413
: |
Between 6 and less than 12 months )
Cunningham 2009 —_— -5.44 (-43.15, 32.27) 275
Kypri 2004 —_— 15.00 (-37.09, 67.09) 1.62
Kypri 2008 — -37.50 (-65.78, -9.22) 4.16
Kypri 2009 - -20.00 (-29.89, -10.11) 9.85
Neighbors 2004 —— -20.72 (-562.17, 10.73) 3.60
Neighbors_GNS 2010 —_—— 29.40 (-10.18, 68.98) 2.55
Neighbors_GS 2010 D a— 3.64 (-33.52, 40.80) 2.81
Neumann 2006 - -21.00 (-38.53, -3.47) 7.00
Walters_FB 2009 ———— -11.90 (-79.63, 55.83) 1.01
Subtotal (l-squared =26.7%, p = 0.207) Q -14.91 (-25.56, -4.26) 36.35
§ |
Greater than 12 months !
Cunningham 2010 —— 1.35 (-34.54, 37.24) 2.97
Hester_exp1 2012 — -53.20 (-102.18, -4.22) 1.80
Kypri 2008 mm—— -20.00 (-55.26, 15.26) 3.05
Neighbors_GNS 2010 —— 2922 (-7.61, 66.05) 2.85
Neighbors_GS 2010 e 0.98 (-32.27, 34.23) 3.32
Neumann 2006 —— -14.00 (-35.20, 7.20) 5.85
Subtotal (l-squared =41.1%, p = 0.131) ; -7.46 (-25.34, 10.43) 10.83
Overall (l-squared =40.4%, p =0.012) é -16.59 (-23.70, -9.48) 100.00
NOTE: Weights are from random effects analysis :
| | |
-281 0 281
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Figure 3. Mean difference in grams of ethanol per week at follow-up postintervention with 95% confidence intervals.

Sensitivity Analysis

Participants in the intervention arm of the study conducted by
Blankerset al [34] had accessto the online self-helpintervention
at any time, but it was suggested that they accessit daily during
a 4-week period. This methodology is different from other
studiesincluded in thisreview in that the other studies allowed
participants access to the electronic intervention for a single
session. Therefore, sensitivity analysis was conducted to assess
the impact of this study on the overall mean difference in
consumption of alcohol between 3 and less than 6 months.
Removal of the Blankerset a [34] study from the meta-analysis
had little effect on the mean difference in grams of alcohol
consumed per week for those in the intervention groups

http://www.jmir.org/2014/6/e142/

XSL-FO

RenderX

compared to controls (mean difference -13.40, 95% Cl -23.94
to 2.85).

Thelength of the intervention in the study conducted by Hester
et a [31] was on average 90 minutes; this is longer than the
definition of brief intervention for eligibility of inclusioninthis
systematic review and meta-analysis. However, because the
intervention was completed in 1 session it was decided that a
sensitivity analysis would be conducted to explore the impact
of this study on the pooled mean difference in alcohol
consumption at up to 3 months. Removal of the study conducted
by Hester et a [31] had minimal impact on the pooled mean
differencein grams of alcohol consumed per week for thosein
the intervention group compared to controls (mean difference
-29.53, 95% CI -52.50 to 6.56).
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Risk of Bias

The quality of the evidence reviewed was considered to be
acceptable with most studies included in this review assessed
as being adequate in terms of their methodological quality.
Three studies were considered to be of high methodological
quality [24,32,34]. The addition of future research may have an
impact on the conclusions of the review and meta-analysis.

Discussion

Theresults of this systematic review and meta-analysis suggest
that eSBI is effective in reducing acohol consumption in the
follow-up postintervention period of lessthan 3 months, between
3 months and less than 6 months, and between 6 months and
lessthan 12 months, but not in the longer term follow-up period
of 12 months or longer. The overall mean difference in grams
of ethanol per week consumed between thosein theintervention
and controls groups was 16.59 (Figure 2), which is equivalent
to 2 standard drinksin the United Kingdom (1 standard drink=8
g ethanol). This difference is somewhat smaller compared to a
previous review, which found an overall mean difference of
25.88 g of ethanol per week [14]. The current review did not
include studies of treatment seeking populations or those in
whichindividual swere randomized regardless of their drinking
status at baseline; this may account for some of the variation in
mean difference in alcohol consumption. Furthermore, there
may have been avariation in the length of follow-up for studies
included in the current research and Khadjesari et al’s [14]
meta-analysis. The inclusion of more studies with a shorter
follow-up length may have resulted in an inflated overall mean
difference in alcohol consumption between controls and those
who received the intervention.

The pattern of results found here are in-line with the results of
Cunningham et a [16,17]. They reported significantly lower
levels of weekly acohol consumption in those who received a
Web-based brief intervention compared to controls at 3 and 6
months, but not at 12-month follow-up. Cunningham et al
[16,17] istheonly eSBI study included in this systematic review
and meta-analysis to follow up participants over the 3 time
points. 3-, 6-, and 12-month follow-ups. Meta-analysis allowed
for replication of their results with a much larger sample size.
The magnitude of the effect in this study reduced with increasing
length of the follow-up period, from nearly 4 standard drinks
at afollow-up point of lessthan 3 monthsto lessthan 1 standard
drink at alonger duration of follow-up of 12 months or greater,
indicating adeclinein the effectiveness of eSBI to significantly
reduce a cohol consumption. All thedataincludedinthisreview
were from studies using a single eSBI session, athough the
option of returning to the eSBI was avail able for one study [23]
and a printout of personalized feedback was generally offered
(see Table 3). Neighborset a [39] found no compelling evidence
to suggest that multiple doses of electronic personalized brief
advice, administered every 6 months for 2 years, was more
effective than a single one-off intervention.

There was a variation in the extent of eSBI delivered between
studies included in this review with some interventions taking
substantially longer to complete and one study encouraged daily
use of their online self-help program [24]. It is possible that
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more extensive interventions will have a greater impact on
alcohol consumption. However, a recent large cluster
randomized controlled study of face-to-face SBI in primary care
found no difference in effectiveness between an information
leaflet, 5 minutes of structured brief advice, or 20 minutes of
brief lifestyle counseling on proportion of individuals with a
negative AUDIT score (<8) at 6- and 12-month follow-ups [5].
Furthermore, a meta-analysis of face-to-face SBI found that
although the reduction in alcohol consumption (gramsof ethanol
per week) was greater for more substantial interventions
(including those that were longer in duration and administered
in more than one session) compared to less intensive
interventions, the difference was not statistically significant [4].
To date there has been no comparable studies for eSBI.

A large attrition rate (up to 55%) has been noted in some of the
eSBI studies included in this review. High attrition rates are
common in electronic interventions for nontreatment-seeking
individuals and reasons for this are likely to be complex and
varied [45]. Attrition will have an obviousimpact on the validity
of results obtained and introduce bias, for example, those more
committed to reducing their alcohol intake may remain in the
trial and inflate positive alcohol outcomes. This has led to
research into ways of reducing attrition using incentives.
Khadjesari et a [46] investigated whether attrition could be
improved in their study of a Web-based intervention (Down
Your Drink) for reducing al cohol consumption by incentivizing
study completion. Participants were randomized to receive no
incentive, a £5 Amazon voucher, £5 donation to Cancer
Research, or entry into a £250 prize draw. There was no
significant difference in response rate between any of the study
arms. A second study by Khadjesari et al [46] randomized
participants to receive a higher value incentive of £10 Amazon
voucher or no incentive. This resulted in a 9% difference in
response rate between the 2 groups, suggesting that appropriate
incentivization can reduce participant attrition. However, some
caution is required when considering the use of incentives to
reduce attrition in online interventions. In the previous study,
incentives were given on completion of the intervention and
follow-up, rather than on sign-up to the intervention; this
prevented individuals signing up who were only doing so for
the incentive not the potential benefits of the research. Further
exploration of the mechanism of action of incentivesisrequired
in eSBI, socioeconomic status, cultural factors, and reasons for
attrition may all influence how effective incentives are at
improving attrition in research [45].

Seventeen studies were included in the meta-analysis and most
of these took place in the United States and with student
populations. Binge drinking among young adult and student
populations continues to be a concern. In the United Kingdom,
45% of males and 46% of females aged 16-24 yearsdrink more
than twice the recommended amount of alcohol (3-4 units for
males and 2-3 units for females) in a single session in the
previous week [47]. Binge drinking can increase the risk of
behaviorsthat areillegal, violent, or risky (eg, unprotected sex)
[48,30,48]. Binge drinking at university may also lead to
long-term problems with physical and mental health [48]. This
may help to explain why the majority of studiesincluded in this
systematic review and meta-analysis were conducted with
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student populations. Furthermore, the popul ation of auniversity
is generaly large with up-to-date information technology
facilities, which would be ideal for the implementation of an
eSBI. A culture of binge drinking is evident among student
populations; the pattern of drinking is likely to be somewhat
different to the general population. Because of the limited
number of relevant eSBI trials available, further analysis to
investigate the impact of population on the effectiveness of
€SBl is needed. Therefore, the generalizability of the current
findings for the general population is not known.

The studies included in this meta-analysis also varied in the
length, content, and theoretical basis of the intervention.
Although amost all theincluded studiesincorporated an element
of personalized feedback as part of the intervention, there
remainsvariation in both the mechanism and the context of how
this was delivered. Further investigation into the effective
components of these interventions was not possible and this
should form an areafor future research.

A comprehensive search strategy was used to identify relevant
published randomized controlled trials for inclusion in this
review and meta-analysis. However, it is possible that some

Donoghue et a

trials may have been missed because unpublished research was
not sought although an Egger’ stest suggested that no publication
bias was present.

The results of this systematic review and meta-analysis
demonstrate significant reductions in weekly alcohol
consumption between intervention and control conditions at a
follow-up point of lessthan 3 months, between 3 and 6 months,
and between 6 and 12 months; as such, eSBI should be judged
an effective intervention, a recent review of effective
interventions targeting adolescent populations adds further
support for the use of Web-/smartphone-based technology [49].
Advantages inherent to eSBI, such as reduced cost of
implementation and wider accessibility compared to
conventional face-to-face SBI, should also be considered.
However, because of a lack of consistency in reporting of
alcohol consumption outcome measures, thisreview could only
report on grams of ethanol consumed per week. A greater
consensus in the reporting of outcome measures and more
uniform reporting of the content and theoretical basis of eSBI
would result in the ability to make more robust conclusions
regarding the effectiveness of eSBI in reducing alcohol
consumption and al cohol-related harms in the longer term.
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Abstract

Background: Youth menta health is a significant public health concern due to the high prevalence of mental health problems
in this population and the low rate of those affected seeking help. While it is increasingly recognized that prevention is better
than cure, most youth prevention programs have utilized interventions based on clinical treatments (eg, cognitive behavioral
therapy) with inconsistent results.

Objective: This study explores the feasibility of the online delivery of a youth positive psychology program, Bite Back, to
improve the well-being and mental health outcomes of Australian youth. Further aims were to examine rates of adherence and
attrition, and to investigate the program’s acceptability.

Methods: Participants (N=235) aged 12-18 years were randomly assigned to either of two conditions: Bite Back (n=120) or
control websites (n=115). The Bite Back website comprised interactive exercises and information across a variety of positive
psychology domains; the control condition was assigned to neutral entertainment-based websites that contained no psychology
information. Participantsin both groups were instructed to use their allocated website for 6 consecutive weeks. Participants were
assessed pre- and postintervention on the Depression Anxiety Stress Scal e-Short form (DA SS-21) and the Short Warwi ck-Edinburgh
Mental Well-Being Scale (SWEMWBS).

Results: Of the 235 randomized participants, 154 (65.5%) completed baseline and post measures after 6 weeks. Compl eters
and dropouts were equivalent in demographics, the SWEMWABS, and the depression and anxiety subscales of the DASS-21, but
dropouts reported significantly higher levels of stress than completers. There were no differences between the Bite Back and
control conditions at baseline on demographic variables, DASS-21, or SWEMWBS scores. Qualitative data indicated that 49 of
61 Bite Back users (79%) reported positive experiences using the website and 55 (89%) agreed they would continue to use it
after study completion. Compared to the control condition, participantsin the Bite Back condition with high levels of adherence
(usage of the website for 30 minutes or more per week) reported significant decreasesin depression and stress and improvements
inwell-being. Bite Back userswho visited the site more frequently (=3 times per week) reported significant decreasesin depression
and anxiety and improvementsin well-being. No significant improvements were found among Bite Back userswho demonstrated
low levels of adherence or who used the website less frequently.

Conclusions: Results suggest that using an online positive psychology program can decrease symptoms of psychopathology
and increase well-being in young people, especialy for those who use the website for 30 minutes or longer per week or more
frequently (=3 times per week). Acceptability of the Bite Back website was high. These findings are encouraging and suggest
that the online delivery of positive psychology programs may be an alternate way to address mental health issues and improve
youth well-being nationally.
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Introduction

Background

Addressing mental health problemsin young peopleisamajor
public health concern [1]. Estimates suggest that 1 in 4 young
peopl e between the ages of 16 to 24 years have experienced at
least 1 mental disorder in the preceding year [2]. Suicide,
typically associated with severe distress and mental health
issues, remainsone of theleading causes of death among young
people [3-5]. Such concerns are further exacerbated by low
levels of youth help-seeking behavior for mental health issues
[6,7]. Concerns about stigma and confidentiality, shame or
embarrassment in discussing personal issues, financia costs,
and/or limited access to services are among the many barriers
to accessing help in this group [8].

In addressing the burgeoning issue of youth mental health
problems, researchers and clinicians have focused on childhood
and adolescence as a particularly fruitful area for targeting
preventative interventions [9]. Subclinica symptoms,
dysfunctional cognitive styles, and problematic behaviorswhich
increase vulnerability to later mental health problems usually
develop during this period, making childhood and adolescence
an idea time to direct prevention and early intervention
programs [10-12].

To date, prevention programs for young people have tended to
yield inconsistent results because of a number of factors,
including the application of techniques originally developed for
the treatment of clinica conditions, poor methodology,
difficultiesin measuring changein “normal populations,” and/or
lack of relevance to some subgroups within that population
[13,14]. Furthermore, programs that have been successful in
reducing psychopathology in adolescents have incurred high
financial costsand relied on scarce resources, such asteachers
classroom time or researchers for program delivery [15]. A
paradigm shift in mental health prevention programsistherefore
required to ensure more effective and widespread delivery,
improved levels of overall well-being, and high acceptability
by young people.

Positive Psychology

Positive psychology is the study of well-being, engagement,
and optimal functioning and differs from clinical psychology
in that it conceptualizes mental health as more than just the
absence of mental illness. Positive psychology fits well with
the World Health Organization’s (WHO) definition of mental
health: “a state of well-being in which the individual is able to
realizetheir potential, cope with normal life stresses, and isable
to work and contribute in the community” [16]. Positive
psychology is best understood as a group of mental health

http://www.jmir.org/2014/6/e140/

domainsthat contributeto an individual’swell-being. Although
researchers debate the validity and relative importance of the
various domains, a number have repeatedly been found to
correspond with optimal mental health, including gratitude,
mindfulness, positive social relationships, meaning, flow,
optimism, hope, character strengths, and ahealthy lifestyle[17].
Attempts have been made to refine these domains, such as the
PERMA model proposed by Seligman [17], which stipulates
that happiness is made up of 5 key components: positive
emotions, engagement (similar to the concept of mindful ness),
positive relationships, meaning, and accomplishment.

Evidence has accrued that addressing specific skills in these
domains can promote overall well-being [18,19]. For example,
interventions that increase hope have been shown to predict
lower illicit substance use; lower levels of depression, anxiety,
and hostility; less behavioral problems; and higher academic
performance in adolescents [20,21]. Research has also linked
increases in gratitude—the state of positive reflection and
appreciation—to improved positive affect, life satisfaction,
improved social relationships, aswell aslower suicidal ideation
and suicide attempts [22,23]. Longitudinal research has found
that, for students faced with the challenges of entering
university, higher optimism was predictive of higher well-being,
better physical health, better adjustment, fewer symptoms of
depression and stress, better social supports, higher levels of
academic achievement, and lower dropout rates [24-27].
Optimism in adolescence has also been found to be the best
predictor of life satisfaction in adulthood [28]. A meta-analysis
that reviewed 51 positive psychology interventions across a
spectrum of domains, found that positive psychology programs
significantly increased well-being (mean r=.29) [29] and led to
significant reductions in depressive symptoms (mean r=.31).
These findings suggest that positive psychology may lend itself
to early intervention programs targeting “normal” populations
of young people.

Online Delivery

Both eHealth and online programs provide a mode of delivery
which is acceptable to youth and are financially sustainable
[7,30,31]. Furthermore, users can maintain anonymity and
confidentiality, determinetheir own rate of progression through
aprogram, and use an onlineinteractive format that is appealing
and engaging [7]. Most young people in Australia have access
to online facilities [32] as computers and Internet access are
available in most schools and libraries. Other information
communication technology, such as smartphones and tablets,
are also becoming increasingly affordable [7]. Young people
typically use online resources for dealing with distress, with a
report by Mission Australia[33] quantifying that 1 in 5 young
Australians (ages 11-24 years) ranked the Internet as an
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important source of information and support for sensitive
personal issues. Similarly, ReachOut, a national youth mental
health website, found that online avenues assist those who might
not seek help in moretraditional forms. Based on the ReachOut
National Survey [34], up to 75% of young people experienced
high to very high levels of psychological distress at the time of
visiting the website and almost two-thirds of the sample had
never accessed face-to-face mental health services.

From the perspective of service delivery, using an online format
for apositive psychology program allows wider dissemination,
reduces costs that would be associated with clinicians, and
allows greater treatment fidelity [31,35]. Additionally, user
progress can be easily monitored and the data collection process
can be automated. At present, only online programs targeting
single positive psychology domains have been evaluated as
isolated exercises and there are no online multicomponent
positive psychology programs for young people.

http://www.jmir.org/2014/6/e140/
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The Current Study

This study aims to investigate the feasibility of implementing
an online multicomponent positive psychology program, Bite
Back (see Figure 1) developed by the Black Dog Institute, asa
well-being program for young people [36].

The specific aims of this study were:

1. Toexaminethefeasibility of an online positive psychology
program for young people to improve the well-being and
address mental health problems of Australian youth;

2. Toinvestigate rates of adherence and attrition among young
people who use this online positive psychology program;
and

3. Toinvestigate the acceptability/appeal of thisprogram with
young people.
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Figure 1. Screenshot of the Bite Back website.

Methods

Participants/Recruitment

Participants were recruited through schools and youth
organizations across Australia. Promotional information packs
advertising the How Do You View the World Study were
disseminated via mail and email and included a letter to the
organization, principal, and/or school counselor that detailed
the rationale, requirements, and participation incentives of the
study, and a series of flyers promoting the study to young
people. Organizations were asked to distribute the flyers or
directly promote the study to young people (aged 12-18 years)
in any manner they deemed appropriate (eg, nhotices in
newsletters, on websites, and announcements). Recruitment

http://www.jmir.org/2014/6/€140/
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RenderX
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was conducted from November 2011 to June 2012 when it was
ceased because of funding constraints. This study was approved
by the University of New South Wales Human Research Ethics
Advisory Panel.

Inclusion criteria were: (1) 12-18 years of age, (2) currently
living in Australia, (3) having avalid email address, (4) having
access to a computer with an Internet connection, and (5)
providing asigned parental consent formto researchersif under
16 yearsof age. No exclusion criteriawere applied. Researchers
had no face-to-face contact with any of the participants in this
study. In casesin which duplicate email addresses or participant
nameswere found during the sign-up stage, thefirst application
was retained and duplicates discarded.
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Study Design
Overview

A 2-group pretest/posttest design was used with 2 independent
variables: time (baseline and postprogram) and group (Bite
Back and control conditions). Dependent variables were
psychological symptoms (depression, anxiety, and stress) as
well as a measure of well-being. Additionally, at
postintervention, usage data and qualitative feedback about the
websites were collected.

Positive Psychology (Bite Back) Condition

Bite Back is an online positive psychology website for
adolescents and uses acombination of interactive exercises and
information across 9 positive psychology domains: gratitude,
optimism, flow, meaning, hope, mindfulness, character
strengths, healthy lifestyle, and positive relationships.
Furthermore, the website providesinformation about the benefits
of increasing well-being, methods to develop skills in each of
the positive psychology domains, provideslinksto other rel evant

http://www.jmir.org/2014/6/e140/
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resources, and allowsfor commentsand onlinediscussions. The
website is aimed at adolescents aged 13 to 17 years and is
premoderated with each comment and upload being monitored
and approved before becoming available for public viewing.

The Control Condition

Thetwo control condition websitesthat were chosen, Australian
Broadcasting Corporation digital channel website, ABC3 (see
Figure 2), and Nine M SN’ s entertainment website, The Fix (see
Figure 3), included features that would engage young people
and were similar to the Bite Back website (ie, games and/or
activities). ABC3 introduces young viewers to news, comedy,
drama, music, sports, and nature [37]. The Fix engages youth
in popular media news, music, and videos [38]. Similar to Bite
Back, both control websites are multicomponent, self-guided,
youth-oriented, and Australian-based, and each has the option
of contributing personal pieces of work, opinions, and stories
to the website. Neither of the control websites delivers positive
psychology or information about well-being.
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Figure 2. Screenshot of the ABC3 website.
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Figure 3. Screenshot of The Fix website.
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Study Procedures

The study was advertised as the “How Do You View the World
Study: an investigation into how websites impact on the way
young people think, react, and interact with the world.” It was

http://www.jmir.org/2014/6/e140/

RenderX

important to conceal the clinical focus of this study and
participants allocated condition for 2 reasons: (1) to ensure that
control participants did not use the Bite Back website, and (2)
to minimize any expectancy effects. Participants were also
offered an AU $20 voucher for their participation in this study.
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Interested young people provided their email address, name,
date of birth, sex, postcode, and aparental contact email if they
wereyounger than 16 years of age. If eligible, participantswere
emailed a link to the battery of baseline questionnaires.
Participants who completed the baseline questionnaires were
randomly allocated to one of two conditions through a block
randomi zation method. An independent researcher not associated
with this study used a random number generator in Excel to
allocate blocks of 10 participants to one of two conditions:

1. BiteBack Condition: participants were instructed to create
alog-in and to use Bite Back over 6 consecutive weeks.

2. Control Condition: participants were instructed to select
and use either of 2 youth websites over 6 consecutive weeks,
ABC3 or The Fix.

Following baseline assessment, an email was sent to participants
that included alink to their allocated website and instructions
on how to use it however and whenever they wanted over the
next 6 weeks, but “for at least an hour a week.” Participants
could access their allocated website from any Internet-enabled
device and from any location. Given that all websites were
open-access, it was not necessary to use the link to access the
website. Both Bite Back and control participants received
reminder emails once a week to encourage ongoing use and
engagement with the websites. Six weeks from their date of
commencement, participants were emailed the postintervention
guestionnaire battery and told that they no longer needed to
access the website each week. Those who completed these
questionnaires were emailed an AU $20 voucher from adigital
media outlet.

M easures

Overview

Participants completed online questionnaires before and after
the 6-week intervention period. Demographic information was
collected at baseline to assess eligibility and participant
characteristics.

Adherence

Participant intervention adherence was measured by duration
of exposure to the program during the course of the trial [39].
Participant’s adherence was assessed by the question “How
much time did you spend actually using the website each week?’
In answering this question, participants had to nominate 1 of
thefollowing categories: 0-10 minutes per week, 10-20 minutes
per week, 20-30 minutes per week, 30-40 minutes per week,
40-50 minutes per week, 50-60 minutes per week, or more than
1 hour per week. Those who reported usage duration of less
than 1 hour per week for their allocated website were provided
a supplementary open-ended question: “If you didn’t use the
website for an hour aweek, was there a reason why?’

Self-reported frequency of sitevisits per week was also included
asameasure of adherence. Participants reported their frequency
of site visits by responding to the question “How many times
a week did you use the site, on average?’ Response options
ranged from zero to more than 5 times per week.

http://www.jmir.org/2014/6/e140/
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Acceptability of Exercises

To determinethe appeal and usability of the positive psychology
program, Bite Back, participants were required to respond on
a Likert scale (from 1 to 7 where 1=strongly agree and
7=strongly disagree) to 3 statements about the website: (1) “The
website was fun,” (2) “The activities are interesting,” and (3)
“The website was easy to use.” Intention to return to the Bite
Back website after the completion of the study was also
assessed.

Efficacy of the Program

Efficacy of the program was assessed by self-report
guestionnaires at baseline and at 6-weeks via:

1. The Depression, Anxiety, and Stress Scale—Short form
(DASS-21) [40] comprises 3 symptom-based subscales.
Each subscale has 7 items which participants respond to on
a4-point Likert scale (O=not at all to 3=most of the time).
Summed scores for each scale range from 0-42 following
conversion of scores to match the DASS-42; more severe
symptoms are indicated by higher scores. The DASS-21
has been used with adolescent samples and is reported to
have a Cronbach aphaof .87 for depression, .79 for anxiety,
and .83 for the stress subscales [41]. The DASS has aso
been demonstrated to correlate closely with the Diagnostic
and Satistical Manual of Mental Disorders (DSM)
diagnoses of panic disorder, generalized anxiety disorder,
social phobia, simple phobia, and major depressive disorder
[42,43]. The DASS-21 was modified dlightly to aid
comprehension of the wording for adolescents. These
changes were approved by the authors and the original
meaning of the items remained unchanged.

2. The Short Warwick-Edinburgh Mental Well-Being Scale
(SWEMWRBYS) [44] is a 7-item measure that assesses
participants’ experiences of subjective positive mental
health (well-being) over the past 2 weeks on a5-point scale
(1=none of the time to 5=all the time). Psychometric data
of the measure on the original WEMWABS for adol escents
has indicated satisfactory to high internal consistency
(r=.87) and the short version has acceptable test-retest
reliability (r=.66, 95% CI 0.59-0.72) [44,45]. In an
adolescent population, the SWEMWBS has been
demonstrated to be negatively correlated with the Strength’'s
and Difficulties Questionnaire, a measure of adolescent
psychopathology (r=—0.44, 95% Cl -0.49 to -0.40),
negatively correlated with the 12-item General Health
Questionnaire (r=—45, 95% ClI -0.49 to —-0.40), and
positively correlated with both the WHO-Five Well-being
Index (r=.57, 95% CI 0.53-0.61) [44].

Results

Attrition and Sample Characteristics

Of the 695 participantswho expressed interest in the study, 235
met the inclusion criteria. The 235 participants who met the
inclusion criteria were alocated to either the Bite Back or
control condition and completed baseline questionnaires. After
the 6-week trial period, 167 participants remained in the study
and completed the follow-up questionnaires. A further 13

JMed Internet Res 2014 | vol. 16 | iss. 6 | €140 | p.30
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

participants in the intervention condition were deemed to be
noncompliant because they reported using theincorrect website
(see Figure 4) as per protocol [46,47]. Noncompliant participants
and noncompleters were excluded from the analysis. The
researchers who conducted the analyses were not blinded to the
allocated condition of participants. Figure 4 displays the
consolidated standards of reporting trials (CONSORT) diagram
for progression of participants at each stage of the evaluation.

There were no significant age or gender differences between
completers and dropouts. Furthermore, completers and dropouts
were equivalent on baseline scores for DASS-21 depression
(mean 9.0, SD 8.5 vs mean 10.3, SD 9.0), anxiety (mean 6.4,
SD 7.0vsmean 7.5, SD 7.7), and the SWEMWBS (mean 24.8,
SD 5.0 vs mean 23.8, SD 5.1). A sdignificant difference
(F1211=4.22, P=.04), between completers and dropouts was
found on baseline stress scores (mean 10.7, SD 7.9 vs mean
13.2, SD 8.7).

Figure4. CONSORT diagram of participants.
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The final sample of 154 participants was comprised of 104
(67.5%) females with a mean age of 15.4 (SD 1.7) years. At
baseline, both Bite Back and control condition participantswere
equivalent in mean age, gender distribution, and mean scores
on the DASS-21 depression, anxiety, and stress subscales and
on the SWEMWABS (see Table 1).

Participants were divided into 2 groups based on the frequency
of visits to their allocated website: low frequency (less than 3
site visits per week) and high frequency (3 or more site visits
per week). There were no significant baseline differences in
DASS-21 subscales or SWEMWBS scores across conditions
for frequency of site visits. Participants were also divided into
2 groups based on the amount of time they spent on their
assigned website: low (30 minutes or less per week) and high
(30 minutes or more per week). There were no significant
baseline differences in DASS-21 subscales or SWEMWBS
scores across conditions for duration of site visits.

Expressed interest (n = 695)

*» <16 years (n =439)
e > 16 years (n = 256)

Excluded (n = 460)

+ Consent not given

o <16 years (n =352)
o >16years (n=109)

Randomized (N = 235)

e <16 years (n=87)
e > 16 years (n=147)

v

Allocated to Bite Back (n = 120)

Lost to follow-up (n = 45)

Returned post questionnaire (n = 75)

» Analyzed (n = 62)
* Excluded due to incorrect
website use (n = 13)
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Table 1. Characteristics of the fina sample (those who completed baseline and postintervention measures) for each condition.

Characteristic Bite Back, Control, Total,
n=62 n=92 n=154
Age (years), mean (SD) 15.5(1.6) 15.3(1.7) 154 (1.7)
Female, n (%) 40 (64.5) 64 (69.6) 104 (67.5)
Baseline DASS depression, n 59 80 139
Mean (SD) 9.4(8.3) 8.6 (8.7) 8.9 (8.5
Baseline DASS anxiety, n 53 86 139
Mean (SD) 7.2(6.9) 6.0 (7.3) 6.4 (7.2)
Baseline DASS stress, n 53 86 139
Mean (SD) 11.7(7.3) 9.9 (8.7) 10.6 (7.9)
Baseline SWEMWBS, n 58 87 145
Mean (SD) 241 (5.2) 257 (5.4) 24.8 (5.0)
Adherence Furthermore, 6 participants (17%) stated that the content of the

There were no significant differences between the reported
duration spent using the websites each week between those
allocated to the intervention and control conditions. In the
intervention condition, 14 of the 61 partici pants (23%) reported
using the website for between 50-60 minutes, 6 (10%)
participants reported usage of between 40-50 minutes per week,
and 37 (61%) participants reported usage less than 40 minutes
per week. In the control condition, 26 of the 90 participants
(29%) reported using their website for between 50-60 minutes,
14 (16%) participants reported usage between 40-50 minutes
per week, and 46 (51%) of control participants reported usage
at arate less than two-thirds of the recommended duration.

Participants in the Bite Back condition who reported using the
website for less than an hour a week were asked to provide a
reason for their underusage. In all, 36 participants responded to
the question “If you didn’t use the website for an hour a week,
was there a reason why?’ Responses were analyzed to extract
key themes and coded to capture primary thematic components.
Four main themes emerged: time constraints, technical issues,
relevance, and website content.

Of the 36 participants who responded, 21 (58%) cited that the
reason for their underusage was time constraints. This related
to demands on time such as schoolwork, extracurricular
activities, hobbies, family commitments, and going away on
holidays. Technical issues accounted for 5 participants’ (14%)
underusage, predominantly issues with Internet access:

It was hard to complete certain tasks and areas of the
website as my data had run out on my Internet.
[participant 444, male, age 16 years)
Four participants (11%) reported that Bite Back did not seem
relevant for them:

Sorry | lost interest, because although | thought it
was a great site | didn’t think it was relevant for me.
[participant 352, female, age 17 years]

The site's design was not appealing to me, it looked
directed at 10-13 year olds. [participant 115, female,
age 17 year]

http://www.jmir.org/2014/6/e140/

website was not sufficient to sustain their interest for an hour
aweek:

Honestly the first week, the website was pretty new
to you, so to get around you had to learn your way,
thereforeit was pretty cool yeah? But then afterwards
it was all too repetitive and much too the same, things
| knew already there. [participant 161, female, age
16 years)

The website was very similar each time | visited it
and thuslost theinitial flair it once had. [participant
609, male, age 14 years|

Acceptability of Exercises

Participants in the Bite Back condition were also asked to
provide feedback on the appeal and usability of the positive
psychology program. Of the 62 participants who used the
program for 6 weeks, 49 reported that Bite Back was fun (79%
rated mildly agree to strongly agree), with 52 agreeing that the
activities were interesting (84% rated mildly agree to strongly
agree), and 56 reporting that the site was easy to use (90% rated
mildly agree to strongly agree).

Of the 62 participantsin the Bite Back condition, 35 participants
(57%) responded yes and 19 participants (31%) responded
maybe. Only 7 participants (11%) responded that they would
not revisit Bite Back in the future (1 participant gave no

response).
Efficacy of the Program

To analyze the efficacy of the program, a series of 2-tailed
Wilcoxon signed rank tests were conducted to measure
differences in psychopathology and well-being scores before
and after the intervention. Nonparametric tests were employed
because of violations of the normality assumption for almost
all group cells (condition; condition x frequency of site visits;
condition x length of site visits). Only the postintervention
scores on the SWEMWABS did not demonstrate violations of
normality. All violations were because of skew in the data that
would be expected in a nonclinical population (ie, low scores
on the DASS-21 and high scores on the SWEMWBS).
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Participants in the Bite Back condition returned significantly
lower DASS-21 depression (z=—2.44, P=.02, r=—22) and stress
scores (z=—2.14, P=.03, r=—21) at 6 weeks postintervention. In
addition, they returned significantly higher scores on the
SWEMWBS (z=2.07, P=.04, r=.19). No significant differences
in DASS-21 subscales or SWEMWBS scoreswerefound inthe
control condition from preassessment to postassessment (see
Table 2).

Samples for each condition were dichotomized (high and low)
based on frequency of site visits and time spent on the site each
week to derive approximately equal numbersin each subgroup.
Two further Wilcoxon signed rank tests were conducted to
determine if frequency of use or length of time of use affected
postintervention levels of symptoms and well-being.

Participants who visited their corresponding site 2 times per
week or less were classified as having low frequency of use,
whereas those visiting their allocated website 3 or more times
per week were classified as high frequency of use. Participants
in the Bite Back condition who visited the site with high
frequency reported significant reductionsin depression (z=—2.39,
P=.02, r=—234) and anxiety (z=—1.98, P=.05, r=—29) scores, as
well as significant increasesin well-being scores (z=2.28, P=.02,

Manicavasagar et a

r=.34) from preintervention to postintervention. Participantsin
this group also reported a reduction in stress symptoms that
approached significance (z=—1.80, P=.07, r=—28) (see Table
3). No such differences were found in the control condition.

Participants who visited their allocated website for 30 minutes
or less per week were classified aslow duration of use, whereas
those who used their website for 30 minutes or more per week
were classified as high duration of use. Participants in the Bite
Back group who visited the site for 30 minutes or more per
week (ie, in the high duration group) reported significant
reductions in depression (z=—2.57, P=.01, r=—33) and stress
(z=—2.74, P=.006, r=—37) scores at postintervention. Thisgroup
also reported atrend for lower anxiety (z=—1.92, P=.06, r=—26)
and increased well-being scores (z=1.89, P=.06, r=.24), but
these differences failed to reach significance (see Table 4). A
significant increasein anxiety scores at postintervention (z=2.95,
P=.003, r=.35) wasfound in control condition participantswho
reported low levels of time spent on their assigned websites. A
significant increase in well-being scores at postintervention,
(z=2.00, P=.05, r=.20) was found in control condition
participants who reported high levels of time spent on their
assigned websites.

Table 2. Preprogram and postprogram DA SS-21 and SWEMWABS scores for each condition.

Variable and condition Baseline Post P
Mean (SD) n Mean (SD) n
Depression
Bite Back 9.39 (8.26) 59 6.68 (7.72) 59 .02
Control 8.60(8.73) 80 8.28 (8.48) 80 .83
Anxiety
Bite Back 7.17 (6.91) 53 6.38 (7.26) 53 27
Control 5.98 (7.31) 86 6.86 (8.61) 86 .09
Stress
Bite Back 11.66 (7.35) 53 10.08 (8.10) 53 .03
Control 9.88(8.17) 86 9.35 (8.69) 86 42
Well-being
Bite Back 24.12 (5.16) 58 25.78 (5.35) 58 .04
Control 25.17 (4.87) 87 25.75 (5.43) 87 23
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Table 3. Preprogram and postprogram DASS-21 and SWEMWABS scores by frequency of site visits for each condition.

Variable, condition, and frequency Baseline Post P
Mean (SD) n Mean (SD) n
Depression
Bite Back
Low 7.82(6.31) 33 7.09(7.65) 33 .30
High 11.84 (9.91) 25  6.40(7.98) 25 .02
Control
Low 8.24 (9.36) 34 7.18(7.96) 34 69
High 8.36 (7.64) 45  8.80(8.72) 45 73
Anxiety
Bite Back
Low 6.69 (6.57) 29  7.17(853) 29 71
High 8.09 (7.37) 23 5.65(5.38) 23 .05
Control
Low 4.67 (6.40) 36  533(6.56) % .21
High 6.86 (7.91) 49  7.88(9.84) 49 24
Stress
Bite Back
Low 12.654 (7.82) 31 12.00(8.75) 31 .18
High 10.76 (6.28) 21 7.62(6.39) 21 .07
Control
Low 9.46 (9.28) 37  881(8.27) 37 81
High 10.13 (7.36) 48  9.58(9.07) 48 .36
Well-being
Bite Back
Low 24.65 (4.10) 34 2524(5.09) 34 50
High 23.04 (6.33) 23 26.30(5.74) 23 .02
Control
Low 24,81 (5.43) 37 2559 (5.07) 37 32
High 25.44 (4.45) 50  25.86(5.73) 50 .45
http:/Awww.jmir.org/2014/6/e140/ JMed Internet Res 2014 | vol. 16 | iss. 6 | €140 | p.34
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Table 4. Preprogram and postprogram DA SS-21 and SWEMWABS scores by duration of use for each condition.

Variable, condition, and length of visit  Baseline Post P
Mean (SD) n Mean (SD) n
Depression
Bite Back
Low 8.22 (7.77) 27 7.78(9.37) 27 B2
High 10.71 (8.57) 31 5.94(5.99) 31 .01
Control
Low 9.26 (8.42) 35  0.49(9.42) 35 .69
High 8.18 (9.11) 44 7.18(7.66) 4 34
Anxiety
Bite Back
Low 7.04 (7.77) 25  7.68(9.07) 25 .72
High 7.56 (6.14) 27  5.41(5.05) 27 .06
Control
Low 7.11 (8.40) 36 9.22(10.74) 36 .003
High 5.22 (6.44) 49  4.90 (6.06) 49 53
Stress
Bite Back
Low 10.83 (7.62) 24 11.67(9.99) 24 95
High 12.79 (6.89) 28 9.00(5.98) 28 .006
Control
Low 11.29 (8.68) 34 11.35(9.51) 34 75
High 9.04 (7.92) 50  7.84(7.80) 50 .09
Well-being
Bite Back
Low 24.40 (5.38) 25  2512(5.75) 25 .36
High 23.69 (4.99) 32 26.09(5.04) 2 .06
Control
Low 24.14 (5.37) 36 24.19 (5.65) 36 .87
High 25.88 (4.47) 49  26.88(5.13) 49 .05
Discussion period and for greater amounts of time each week gained the

Principal Findings

This study examined the feasibility and challenges of an online,
open-access, positive psychology program (Bite Back) to
increase well-being and reduce mental health symptoms in
young people. Despite difficulties maintaining high levels of
adherence and low levels of attrition, positive qudlitative
feedback from participants indicated that adolescents enjoyed
Bite Back and found it interesting and easy to use. In addition,
significant improvements in symptoms of depression, stress,
and well-being scores were observed for the Bite Back
condition.

Further investigation also suggested that those who visited the
Bite Back website more frequently during the intervention

http://www.jmir.org/2014/6/e140/

most benefit. Participantsin at least one of these high-adherence
groups reported lower depression, anxiety, and stress scores,
and higher well-being scores at postintervention. The beneficial
outcomes at 6 weeks are particularly noteworthy given the
short-term and entirely self-directed nature of thisintervention.

However, the most beneficial outcomes were present among
participants who visited the website for 30 minutes or more
during each week of the intervention period or 3 or more times
during each week of the intervention. No significant changes
were found among Bite Back users who did not meet these
levels of adherence indicating that the program requiresacertain
level of usage for a positive effect. Overall, these positive
findings suggest that further research into Bite Back’s
effectiveness is warranted, particularly if adolescents
engagement with the site can be improved.
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Retention rates for the Bite Back condition were moderate. A
total of 167 of 235 participants who completed the battery of
guestionnaires at baseline also completed the battery after the
6-week trial period: retention rates across time periods were
71% for the total sample and 58% for the Bite Back condition
alone (although only 66% of the total sample and 52% of the
Bite Back condition were used in the analysis because of the
exclusion of the noncompliant participants). A systematic review
of attrition ratesfrom Internet-based treatment programs where
therapist contact was minimal found an average dropout rate of
35%, with a range of 2% to 83% [46]. Although that review
was based on psychological treatment programs for adults, it
suggests that the current trial returned an acceptable attrition
ratein the context of eHealth programs. One unexpected finding
was that the large discrepancy between the attrition and
noncompliance rates for the Bite Back condition compared to
the control condition. The only factor examined that differed
significantly between completers and dropouts were baseline
stress scores, with the attrition group reporting significantly
higher stress at the start of the program. Although the baseline
stress scores did not differ significantly between the Bite Back
and control conditions, the Bite Back condition reported higher
baseline stress scores. It is possible to speculate, therefore, that
the stress they were experiencing interfered with their ability
to stay engaged with the program.

Approximately half the participants self-reported usage was
below the prescribed 1 hour per week over the 6-week trial
period. However, these rates of usage were equivalent across
both theintervention and control websites. Therefore, itislikely
that these low levels of adherence are reflective of the more
general methodological challenges associated with open-access
trials [39], as opposed to a particular failing of Bite Back to
sustain participants’ attention.

This interpretation is further supported by qualitative reports
from Bite Back participants. Primary reasons cited for
underusage were time constraints (related to school,
extracurricular, and family commitments) and technical issues,
such as problems in accessing the Internet. In addition,
acceptability ratings of Bite Back were favorable: 79% agreed
the program was fun, 84% agreed that it was interesting, and
90% agreed that it was easy to use. Most users stated an
intention to return to Bite Back after the completion of the study.
Users who were disappointed (11%) with Bite Back cited
content relevance and lack of age appropriateness. Thus, it seems
evident that although logistical issueswere primarily related to
low adherence rates, website content also affected users
continued engagement.

Bite Back users who reported using the website for 30 minutes
or less per week or fewer than 3 times per week were
predominantly older than 16 years of age and stated that the
content had little relevance or was not sufficiently interesting
to sustain their attention. These findings suggest that Bite Back
may have more appea for those 16 years of age or younger.
Developmentally, adolescence is a time of rapid change,
particularly emotional and intellectual. As such, there is
considerable heterogeneity acrossthe age 12 to 18 years group
that makes it difficult to pitch activities and conceptual
explanations that are universally appropriate. Further data are
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needed to assess whether age is a specific factor for content
relevance, which age groups most strongly identified with the
site, and which positive psychology domains or site activities
were effective at maintaining engagement for older adolescents.

Limitations of the Study

Despite the encouraging results from this pilot study,
methodological limitations preclude usfrom drawing definitive
conclusions. Our study may have been affected by measurement
sensitivity (ie, the psychopathology measure selected was
designed for a clinical population and so floor effects could
have impacted on our results). This problem may have been
exacerbated by the small sample sizesin each condition making
it lesslikely to obtain significant differences.

Furthermore, our usage data heavily relied on participants
self-report which could have been affected by memory and
reporting biases [48]. In addition, adolescent samples may be
likely to underreport mental health symptoms[48,49], although
the anonymous nature of this study may have lessened this
likelihood. Utilizing corroborative evidence from teachers and
parents may have improved the accuracy of our measurements
of change in symptom alleviation and well-being and should
be considered for further studiesin this area.

The study gathered limited information about participants’ use
of Bite Back, such as content accessed, uploads to interactive
activities, and time spent on the various activities. Because the
website was comprised of multiple components, including
videos, psychoeducational information, interactive exercises,
and community noticeboards, it is difficult to ascertain which
parts of the website wereinstrumental to the changes observed.
Information on usage patterns would have provided interesting
insights of how young people navigate the website and a better
understanding of the differential impact of its various
components. Further research into this area would shed light
on the way in which young people relate to specific online
positive psychology interventions.

The age distribution of our population was aso an important
factor in considering the results of this study. Although alarger
percentage of those younger than 16 year expressed interest in
participating, fewer of the participants younger than 16 years
progressed through to actually participate in the study because
of the need for them to obtain parental permission. Given that
our qualitative responses suggested that Bite Back may be more
acceptable to the younger age group, this barrier to participation
by younger users may have excluded an important segment of
our target population in thistrial.

Although Bite Back was developed as a preventative program
for youth, this feasibility study was primarily concerned with
obtaining feedback on users enjoyment and willingness to
engage in the site's activities. As such, the preliminary pilot
data from this study is insufficient to demonstrate preventative
effects. Further studies utilizing a longer-term follow-up are
necessary to examine thisimportant aspect of preventative health
in youth.
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Conclusions However, issues of adherence and age appropriateness need to
be addressed for optimal outcomes. Nevertheless, the positive
findings from this study suggest that online positive psychology
programs may have a mgjor impact on the emerging field of
adolescent-focused eHealth for improving well-being and
resilience.

This study explored the feasibility of an online, open-access,
multicomponent, positive psychology program for adol escents.
Thefindingsfrom this study demonstrate that an online positive
psychology program (Bite Back) has the potential to reduce
symptoms of psychopathol ogy and promote mental well-being.
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Abstract

Background: The high number of adult males engaging in low levels of physical activity and poor dietary practices, and the
health risks posed by these behaviors, necessitate broad-reaching intervention strategies. Information technology (1T)-based (Web
and mobile phone) interventions can be accessed by large numbers of people, yet there are few reported | T-based interventions
targeting males’ physical activity and dietary practices.

Objective: Thisstudy examines the effectiveness of a 9-month 1 T-based intervention (ManUp) to improve the physical activity,
dietary behaviors, and health literacy in middle-aged males compared to a print-based intervention.

Methods: Participants, recruited offline (eg, newspaper ads), were randomized into either an | T-based or print-based intervention
armona2:1 basisinfavor of thefully automated | T-based arm. Participants were adult males aged 35-54 yearslivingin 2 regional
cities in Queensland, Australia, who could access the Internet, owned a mobile phone, and were able to increase their activity
level. The intervention, ManUp, was based on socia cognitive and self-regulation theories and specifically designed to target
males. Educational materials were provided and self-monitoring of physical activity and nutrition behaviors was promoted.
I ntervention content was the samein both intervention arms; only the delivery mode differed. Content could be accessed throughout
the 9-month study period. Participants’ physical activity, dietary behaviors, and health literacy were measured using online surveys
at baseline, 3 months, and 9 months.

http://www.jmir.org/2014/6/e136/ JMed Internet Res 2014 | vol. 16 | iss. 6 | €136 | p.40
(page number not for citation purposes)


mailto:Mitch.Duncan@newcastle.edu.au
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Duncan et a
Results: A total of 301 participants completed baseline assessments, 205 in the I T-based arm and 96 in the print-based arm. A
total of 124 participants completed all 3 assessments. There were no significant between-group differences in physical activity
and dietary behaviors (P=.05). Participants reported an increased number of minutes and sessions of physical activity at 3 months
(exp(B)=1.45, 95% CI 1.09-1.95; exp(B)=1.61, 95% Cl 1.17-2.22) and 9 months (exp(B)=1.55, 95% CI 1.14-2.10; exp(p)=1.51,
95% Cl 1.15-2.00). Overall dietary behaviorsimproved at 3 months (exp(3)=1.07, 95% CI 1.03-1.11) and 9 months (exp(3)=1.10,
95% CI 1.05-1.13). The proportion of participantsin both groups eating higher-fiber bread and low-fat milk increased at 3 months
(exp(B)=2.25, 95% Cl 1.29-3.92; exp(p3)=1.65, 95% CI 1.07-2.55). Participantsin the I T-based arm werelesslikely to report that
30 minutes of physical activity per day improves health (exp([3)=0.48, 95% CIl 0.26-0.90) and more likely to report that vigorous
intensity physical activity 3 times per week is essentia (exp(p)=1.70, 95% Cl 1.02-2.82). The average number of log-insto the
IT platform at 3 and 9 monthswas 6.99 (SE 0.86) and 9.22 (SE 1.47), respectively. The average number of self-monitoring entries
at 3 and 9 months was 16.69 (SE 2.38) and 22.51 (SE 3.79), respectively.

Conclusions: The ManUp intervention was effective in improving physical activity and dietary behaviorsin middle-aged males

with no significant differences between I T- and print-based delivery modes.
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Introduction

Regular physical activity and healthy eating are key health
behaviorsthat contribute to reducing the risk of chronic disease
[1,2]. These behaviorsand their impact on health are particularly
relevant for Australian males because the majority of Australian
males are physically inactive and have poor dietary behaviors
[3]. For example, approximately 48% of males are not
sufficiently physically active and most males do not meet the
recommended intake levels of fruit (54%), vegetables (85%),
low-fat dairy (63%), or foods containing high levels of saturated
fat and sugar (70%) [3-5]. Males are aso less likely to
participate in behavioral and information technology (1T)-based
interventions compared to females [6-8]. In addition, many
males have low levels of health literacy, which is the ability to
understand and process health information and use thisto assist
in changing behaviors [9-11]. Health literacy is an important
determinant of health; higher levels of health literacy are
associated with engagement in various health-promoting
behaviors including physical activity and fruit and vegetable
consumption [12]. Improving health literacy has been recognized
askey to assisting inimproving the overall health of Australian
males [13]. The high prevalence of poor health behaviors and
low levels of health literacy in males combined with the low
levels of engagement by malesin many behavioral interventions,
particularly IT-based interventions, highlights the need for
broad-reaching effective interventions specifically developed
for this population.

It is widely acknowledged that Web-based- and/or mobile
phone-based interventions (1 T-based) provide adelivery method
that can be conveniently accessed by a large number of
individuals thereby increasing the potential reach relative to
other commonly used intervention modes, such as print-based
materials [14-16]. IT-based interventions have been used to
effectively change physical activity and healthy eating behaviors
and are viewed positively by males as an intervention delivery

http://www.jmir.org/2014/6/e136/

mode[7,17-19]. A broad range of features and components can
be implemented in these interventions, including education
materials, social interaction/support tools, self-monitoring, and
goal-setting features, all of which have been associated with
increased behavior change[16,20]. I ncreased participant use of
and engagement with theintervention platformis al so associated
with greater behavior change [21-24]. Mobile phones and
smartphones offer participants greater convenience to access
intervention materials, and intervention delivery viasmartphone
and awebsiteis associated with greater levels of self-monitoring
and behavior change when compared to self-monitoring via
website only [23]. Therefore, delivery of I T-based interventions
using a combination of website and mobile devices may be an
effective way to increase participant engagement with the
intervention and promote greater behavior change. Despite the
potential of 1T-based interventions to change physical activity
and dietary behaviors, there have been few IT-based
interventions that have been specifically developed for and
targeted toward males[7,8]. Therefore, the purpose of this study
is to examine the effectiveness of a 9-month Web- and mobile
phone-based (1T-based) intervention to improve the physical
activity and dietary behaviors compared to a print-based
intervention [25]. A secondary objectiveisto compare changes
in health literacy between the I T- and print-based intervention
groups. It was hypothesized that the | T-based intervention would
be more effective in improving outcomes compared to the
print-based intervention.

Methods

Design

The rationale, design, and methods for the ManUp study,
including an outline of the intervention, are described in detail
elsawhere [25] and only summarized in brief here. The ManUp
study was a 2-arm randomized controlled trial (RCT) with
participants randomly allocated to either the I T-based (website
and mobile device) intervention arm or a print-based
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intervention arm. A print-based intervention was selected as
the comparison group because they are effective in improving
health behaviors [26,27]. All participants received written and
verbal explanation of the project requirements before providing
consent and provided informed consent before participation in
the study. The Central Queensland University (H10/07-131)
and the University of Western Sydney Human Research Ethics
Committee approved the study (H8605). The study was
registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12611000081910).

Participants

Males aged 35 to 54 years who (1) owned a mobile telephone,
(2) had access to the Internet, (3) did not have a mobility
impairment, (4) resided in the cities of Gladstone or
Rockhampton (Queensland, Australia), and (5) were classified
aslow risk toincrease physical activity according to established
guidelines were dligible to participate in the study [28]. A
combination of online forms and phone contact was used to
screen participantsfor digibility criteria. To recruit participants,
advertisements in local newspapers, trading magazines,
face-to-face information sessions with local businesses, and
distribution of leaflets and posters to local businesses, medical
clinics, and offices of allied health professionals were used. No
participant incentives were provided in the study. Participants
(N=317) wererecruited from October 2010 to September 2011,
and followinginitial screening for inclusion criteria, participants
wererandomly allocated to 1 of the 2 intervention arms. Because
IT-based interventions are less frequently examined in male
populations [7,8], the number of participants allocated to the
intervention arm was maximized in a 2:1 ratio in favor of the
| T-based intervention arm. Randomization lists were generated
by one of the authors (MJD) using freely available software
[29]. Participants were advised of their group allocation via
phone. Participants in the 1 T-based intervention were emailed
details to access the intervention platform, including website
uniform resource locator (URL), username, and password;
participants in the print-based group provided their mailing
address to receive the print-based intervention materials.
Participants were blinded to group all ocation until after baseline
assessmentswere compl eted. Given that participants completed
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the assessment of outcome measures via online survey,
nonblinding of researchers to participant group allocation was
unlikely to bias outcomes.

ManUp Intervention

The ManUp study was informed by our reviews of published
physical activity and dietary interventions for males, our
formative research concerning barriers to physical activity and
healthy eating behaviors, and our research regarding males
preferences for I1T-based interventions [7,8,17,18]. Both
intervention arms provided participants with the same
intervention materials and capacity to self-monitor physical
activity and dietary behaviors. The IT-based intervention,
however, provided participants with the additional ability to
receive automated feedback on their progresstoward completing
their physical activity and dietary behavior goals (ManUp
challenge), as well as the ability to interact with other
participants on the website [25]. Additionally, specific
components of the IT-based intervention (My Profiles, My
Mates, My Groups) were intended to foster social support
between participants via commenting on and viewing the
progress of others in-line with social cognitive theory. There
waslittle to no interaction between project staff and participants
in either intervention arm.

Both interventions arms were provided with educational
materialsthat were specifically designed to present information
on the benefits of physical activity and healthy eating and on
the volume and type of activity needed to achieve hedlth
benefits. Materials provided to participants alowed daily
self-monitoring of physical activity and dietary behaviors and
highlighted theimportance of self-monitoring asaway to change
behavior and keep track of the changes made. Participants could
record physical activity and dietary behaviors using any metric
specified in Table 1. Informed by socia cognitive theory and
self-regulation theory. ManUp “challenges’ were devel oped to
changetarget behaviors by providing agoal for behavior change,
having participants engage in goal setting and self-monitoring
behaviors, and also build confidence to make positive changes
to behaviors [25,30,31]. An overview of these theories and the
role of self-monitoring in changing behavior can be found
elsewhere [30-32].

Table 1. Description of the ManUp physical activity and healthy eating challenges.

Activity Light strength (3 weeks) Mid strength (6 weeks) Full strength (12 weeks)

Walking 1.5 hours/week or 7500 2.5 hours/week or 10000 steps/day 3.5 hours/week or 12000
steps/day steps/day

Cycling 1 hours/week or 25 km/week 2 hours/week or 50 km/week 4 hours/week or 100 km/week

Swimming 0.5 hours/week or 1 km/week 1 hours/week or 2 km/week 1.5 hours/week or 3 km/week

Running 0.5 hours/week or 5 km/week 1 hours/week or 10 km/week 2.0 hours/week or 20 km/week

Sport and recreation 0.5 hours/week 1 hours/week 1.5 hours/week

Strengthening Set 8 exercises 1x set (8-10
reps) 2x/week
Healthy eating® >3 hedlthy eating goals/day

Set 8 exercises 2x set (8-10 reps)
2x/week

Set 8 exercises 3x set (8-10reps)
2x/week

>5 healthy eating goa s/day >7 healthy eating goal s/day

#The ManUp healthy eating goals were: (1) eat 2 servings of fruit, (2) eat 5 servings of vegetables, (3) eat 1 serving of fish, (4) choose whole-grain
bread instead of white bread, (5) choose low-fat dairy products, (6) have a soft drink- (soda:) free day, (7) have an acohol-free day, (8) have an red
meat—free day, (9) have an unhealthy snack-free day, and (10) have afast food—free day.
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ManUp Challenges

The ManUp challenges consisted of 6 physical activity and a
multicomponent healthy eating challenge. Each challenge had
3 different “strengths’ (light, mid, full), which varied the
duration and the amount of activity or healthy eating that males
were asked to achieve to complete the challenge. To complete
achallenge, participants had to record the required number of
minutes/distance/steps for activities or the number of healthy
eating goals before the end of the challenge period; failure to
do this meant the challenge was not completed. The variation
between challenge strengths wasintended to provide participants
with an appropriate target relative to their current level of
physical activity or healthy eating, or to provide a progression
toward engaging in higher levels of physical activity or healthy
eating. The challenges could be completed in any order preferred
by participants and there was no regquirement to complete all
the different strength challenges or different physical activity
challenges. The different activities selected for inclusion were
based on those activities frequently performed by Australian
males [33]. The ManUp healthy eating challenges were based
on achieving amaximum of 10 daily healthy eating goals. These
goals were informed by the dietary guidelines for Australian
adultsthat promotedietary diversity and encourage thereduction
of theintake of saturated fat, salt, alcohol, and foodsthat contain
added sugars [34]. Although the challenges were informed by
the sorts of physical activities frequently participated in by
males and the need to promote dietary diversity, they were not
intended to promote adherence to public health guidelines for
either physical activity or dietary behaviors. Rather, they were
designed to increase overall engagement in physical activity
and healthy eating. Further details on the types of different
physica activities and dietary behaviors targeted, the
requirements for each challenge, and supporting educational
materials are provided in Table 1 and elsewhere [25].

Intervention Arms

I nformation Technology—Based I ntervention Arm

Upon completing the baseline assessment participants in the
IT-based intervention am received access to the
password-protected ManUp website, which had 6 main sections
[25]. The 6 sections were:

1. My Profile where participants could review their current
challenges, record their progress toward any current
challenges, post personal updatesto their profile, schedule
future activities, and view information on the groups they
were amember of and thelist of their mates (online friends
on the website).

2. My Progresswhere participants could review their progress
toward their current challenges.

http://www.jmir.org/2014/6/e136/
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3. My Mateswhere participants could search for onlinefriends
and view their mates' progress. Onlinefriendswerelimited
only to participants allocated to the I T-based intervention;
participants could not view an online list of other
participants nor were they informed by project staff who
elsewas enrolled in the study because of privacy concerns,
but participants could search for other users by entering a
name or part of anameinto the search tool provided on the
website.

4. My Groups where participants could create a group and
view the progress of groups they were part of.

5. My Weight, which provided participants with information
on the benefits of achieving a healthy weight, and allowed
them to record their height, weight, and waist
circumference. This section did not allow participants to
track these metrics over time; rather, it provided immediate
feedback on what category, such asbody massindex (BMI)
category or waist circumference category, the respective
measure was classified as in comparison to established
categories for BMI and waist circumference [35].

6. Information Center, which provided educational materials
related to physical activity and healthy eating, and the
challenges[25].

Asaform of online social support, participants could comment
on their mates' My Profile page. In addition, participants could
also challenge their mates to complete a physical activity or
healthy eating challenge either in aone-on-one basis, or as part
of a larger group. A mobile phone Web application was
devel oped asan additional tool to facilitate quick and convenient
recording of progresstoward the ManUp challenges. The mobile
phone Web application only alowed users to self-monitor
behavior and body weight, and to review progress toward
challenge completion. Any participant in the [T-based
intervention arm who owned a mobile phone capable of
accessing the Internet had access to the mobile phone Web
application. Figure 1 showsthe My Profile section of thewebsite
and Figures 2 and 3 display the app data entry screen for healthy
eating, the screen showing feedback information on the level
of activity needed to complete a particular challenge. Graphical-
and text-based feedback of progress toward the completion of
achallenge was automatically provided by both the website and
app, and was updated based on participant’s self-monitoring
entries of physical activity and health eating. Participants were
not provided with any detailed instruction on how to usethe IT
platform or the frequency that it should be used. The initial
email providing log-in details suggested they should visit the
intervention platform and initiate a ManUp challenge. A short
video presenting the main features and functionality of the
website was available for viewing on the front page of the
website without having to log in to the website. Thisvideo was
viewed 243 times in total throughout the intervention period.
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Figure 1. Screenshot of the My Profile section of the ManUp website.

Figure2.

Duncan et al

My Profile My Progress My Mates My Groups My Weight Information Centre
8§ Mobile Apphcation o
ManUp Gladstone Mobile Application B, Unconfirmed Mates (0)
- adl y: 25/11/1972
\x ManUp doesn't belong to any social networks
- Edit
Total Progress: Progress Summary:
..... 611 o
— You = Weekly Activity Challenge
8187 220
468
axs
(0] 354
g 312
280
£ 208
= 13e
Groups: 104
sz
o
z3/09 24/09 23/09 26/0% 27/09
Showing Past 7 Days of Cycling
- Remove Progress Record Progress
Mat
Your Stream:
e O (e ¢ H
LD - Post
_‘x 1 1] manup Gladstone Cor
e s : another 10/10 day yesterday
o Manup Gladstone
er? | no cycling for the last few weeks while away, nice to be back on the bike this morning
11 Manup Gladstone
: : back on deck after a minor injury last week. hopefully no more
Schedule an Activity:
Cydcling
29.
September
Challenges:
Challenge for Cycling - Ends: 05/11/201%2 -
To reach 2,880 min in 12 weeks. 27% =

Screenshot of the healthy eating data entry screen of the ManUp app.

Today allhad

« Two fruits

« Five Vegetables

My weight for this week

85 kg save

« An alcohol free day

My activities
« Fish y
« Whole grain bread g
Cycling
Low fat milk products
« A soft drink free day .
Healthy Eating -

A red meat free day
< An unhealthy snack free day
= Afast food free day

Data will be recorded for all the Healthy
Eating challenges you are enrolled in.

Manage my data

Delete data

http://www.jmir.org/2014/6/e136/

XSL-FO

RenderX

JMed Internet Res 2014 | vol. 16 | iss. 6 | €136 | p.44
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Duncan et al

Figure 3. Screenshot of the challenge progress feedback screen of the ManUp app.

Print-Based | ntervention Arm

Participants in the print-based group received a hard-copy
booklet that provided the same educational materials (including
content from the My Weight section) and ManUp challenges
as those provided to participants in the I T-based intervention.
Participants in the print-based group were provided with
information about using the provided log sheets and could
self-monitor progress and/or successful completion of the
ManUp physical activity or healthy eating challenges using the
log sheets. Participants in the print-based group were not
provided with information regarding their peers who were also
part of this group. The hard-copy booklet was not collected
from participants and no information about the challenges

http://www.jmir.org/2014/6/e136/
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compl eted or self-monitoring was obtained. Hard-copy booklets
were not collected because of logistical reasons and to allow
participants to keep a record of their progress to assist in
behavior change.

Outcome M easures

Overview

Participants completed online surveys at baseline (0 months),
3 months, and 9 monthsto assess soci odemographic, behavioral,
and health literacy outcomes. M easures of satisfaction with the
intervention were al so obtained at the 9-month assessment point.
All participants received up to 3 phone calls or emails at each
assessment point to remind them to compl ete their assessments.

JMed Internet Res 2014 | vol. 16 | iss. 6 | €136 | p.45
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Physical Activity

Physical activity was assessed using the Active Austraia
Questionnaire, a valid and reliable instrument that is also
sensitive to change in physical activity [36-39]. This
guestionnaire asks participants to report the duration of
recreational and transport walking, moderate and vigorous
intensity physical activity in the previousweek, and the number
of times (sessions) they engaged in these activities. Standard
scoring protocols were applied to provide 2 outcomes: total
minutes of physical activity and the total number of sessions of
physical activity [36].

Dietary Behaviors

Dietary behaviors were assessed using 19 items adapted from
existing instruments used to monitor dietary habits of the
Australian population [40,41]. These items have sound
psychometric properties [40]. Two separate items assessed the
daily number of servings of fruit and vegetables consumed in
the past week, response options ranged from zero servings (don't
eat this food) to 10 or more servings. The frequency that red
meat, fish, meat products (sausages, salami, meat pies, etc),
cooked ceredls, soft drinks, chips, takeaway foods, and sweet
or savory foods were consumed in the past week were assessed
using response options from rarely/never (don't eat this food)
to more than 10 times. The type of milk (whole milk or full
cream, reduced fat, soymilk, condensed milk, don’t drink milk)
and bread (white, wholemeal, multigrain, rye, sour dough, other,
don't eat bread) usually consumed were also assessed. Three
dietary outcomeswere created: type of milk consumed (reduced
fat vs whole milk), type of bread consumed (higher-fiber
wholemeal, multigrain, white with high fiber, sour dough, rye
vs white) and an overall index of other dietary behaviors (the
dietary score). The dietary score was created by summing the
number of servings and number of times the following foods
were consumed: fruit, vegetabl es, red meat, fish, meat products,
soft drinks, chips, takeaway (take-out) foods, and sweet and
savory foods. Several itemswere reversed-scored so that higher
dietary scores (a better diet) reflected more frequent
consumption of healthy food and less frequent consumption of
less healthy foods. The dietary score reflected the fact that the
ManUp healthy eating challenge focused on maximizing
consumption of healthy foods and minimizing consumption of
less healthy foods.

Health Literacy

Hedlth literacy in relation to physical activity was assessed using
the 5 awareness items from the Active Australia Questionnaire
[36]. Using a 5-point Likert-type scale from strongly agree to
strongly disagree, the items assess awareness of the benefits
associated with physical activity participation, and theintensity
and duration required to receive health benefits. Dietary behavior
literacy was assessed using the Nutritional Literacy Survey, a
valid and reliable 28-item instrument that assesses participants’
understanding of the type of foods that promote heart health,
and thefat and cholesterol content of different foods and portion
sizes[42].

http://www.jmir.org/2014/6/e136/
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Satisfaction

Participant satisfaction with the intervention platform and
challenge concept was assessed using 4 items. Using a 5-point
scale ranging from strongly agree to strongly disagree,
participants indicated if they would like to continue to use the
IT- or print-based materials, if the materials (print booklet or
I T-based platform) were easy to use, and if they liked the overall
concept of the physical activity and healthy eating challenges.

I nformation Technology Platform Usage

Usage of the IT-based platform was measured using in-built
tracking software measuring the number of times a participant
logged into the Web- and mobile-based platform, made a
self-monitoring entry, and the type and number of challenges
they initiated and compl eted.

Sample Size

Using established methods to estimate sample size [43], the
study was powered to detect a 60-minute change in
moderate-to-vigorousintensity physical activity per week from
baseline to 9 months using an apha level of .05 and a power
level of 90%. Based on this calculation, it was estimated that
197 participants would be required. However, this number was
increased to account for the 2:1 alocation of participants in
favor of the I T-based intervention arm and the expected dropout
rate of participants (45%) [21,44]. A higher dropout rate was
used in the current study given the acknowledged difficulty in
engaging and retaining malesin interventions[7,8]. Asaresult,
the estimated total sample size was 321: 107 allocated to the
print-based group and 214 allocated to the I T-based group [25].
Analysis

Comparisons between groups at baseline were conducted using
generalized linear models and chi-square tests. Comparisons
between those participants completing all 3 assessment points
(completers) and those compl eting less than 3 assessment points
(noncompl eters) were made on age, education, physical activity,
dietary behaviors, and health literacy using t tests (where
parametric assumptions were met) or Mann-Whitney U for
continuous variables, and chi-square tests for categorical
variables. Generalized linear mixed models use al available
data at each time point allowing participants with missing data
at follow-up time pointsto beretained in the analysis. Therefore,
generalized linear mixed modelswith an unstructured covariance
matrix were used to examine change over time and differences
between intervention armsin physical activity, dietary behaviors,
and health literacy outcomes. All analyses were adjusted for
baseline age, occupation, and education because these variables
likely impact upon the physical activity and dietary behaviors
of males[45]. Outcomes of the generalized linear mixed model
analyses are reported as exponentiated coefficients (exp(p)).
To explore the impact of missing data, a sensitivity analysis
using baseline observation carried forward (BOCF) for
participants with missing data at follow-up time points was
performed for physical activity, dietary behaviors, and health
literacy outcomes; this analysis also adjusted for baseline age,
occupation, and education. Comparison of change in physical
activity, dietary behaviors, and health literacy with and without
BOCF revealed only small differencesin the magnitude of these
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outcomes with the exception of consumption of higher-fiber
bread and low-fat milk consumption. For both of these
outcomes, the significant time effects present at 3 months in
the analysiswithout BOCF werein the same direction, although
not statistically significant in the analysis with BOCF. Given
these minor differences, only the results from the analyses
without BOCF are reported.

Analyses examining the relationship between usage of the IT
platform and change in behavior within the |T-based
intervention arm were conducted using generalized linear models
adjusted for age, occupation, education, and the baseline level
of the outcome examined. The specific model type, link function
used for analyses, and the total number of observationsincluded
are listed in the footnotes of the relevant tables. All analyses
were conducted with SPSS version 20 (IBM Corp, Armonk,
NY, USA), followed intention-to-treat principles, and used an
alphalevel of .05.

Results

Participants

Theflow of participantsthrough the study, including the number
of participants completing each assessment, isprovided in Figure
4. A total of 327 males expressed an interest in participating in
the study: 10 males were excluded because they did not satisfy
eligibility criteriaor were no longer interested in participating,
317 maleswere randomized to an intervention arm of which 16
withdrew from the study before completing a baseline

http://www.jmir.org/2014/6/e136/
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assessment (Figure 4). A total of 301 participants completed
the baseline assessment, 159 compl eted the 3-month assessment,
148 completed the 9-month assessment, and 125 completed all
3 assessment points. No significant differences were observed
between those who completed 3 assessment points (compl eters)
compared to those completing less than 3 assessment points
(noncompleters) on baseline minutes and sessions of physical
activity, dietary score, and type of bread consumed (data not
shown). Completers were significantly different from
noncompleters in terms of age (mean 45.11, SE 0.51 vs mean
43.32, SE 0.44; P=.01), the proportion working in professional
level occupations (66.4% vs 49.4%; P=.03), the proportion
reporting a university-level education (62.6% vs 41.5%;
P=.002), the proportion reporting to consume low-fat milk
(66.4% vs 49.7%; P=.01), the proportion reporting that at |east
20 minutes of vigorous intensity physical activity 3 times per
week is essential to improve health (35.8% vs 64.2%; P=.01),
and nutritional literacy (mean 25.53, SE 0.16 vs mean 24.98,
SE 0.16; P=.02).

There were no significant baseline differences between the
print-based arm and the IT-based arm for any demographic
behavioral and health literacy variable, with the exception that
there were fewer participants who agreed that 30 minutes of
physical activity is enough to improve health in the |1 T-based
arm compared to the print-based arm (Table 2). In-line with the
eligibility criteria, all participants owned a mobile phone and
151 (73.2%) of the IT-based intervention owned a phone that
could access the Internet.
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Table 2. Sociodemographic, anthropometric, and behavioral characteristics of participants at baseline.

Participant characteristic Print-based n=96 I T-based n=205 P
Age (years), mean (SE) 43.84 (0.59) 44.17 (0.41) .66
Occupation, n (%) .64
Professional 52 (54.2) 118 (57.6)
White collar 8(8.3) 16 (7.8)
Blue collar 23(24.0) 37(18.0)
Other 13 (13.5) 34(16.6)
Education level, n (%) 72
Secondary school or less 20(20.8) 45 (22.0)
TAFE? 25 (26.0) 61 (29.8)
University 51 (53.1) 99 (48.3)
Self-reported BMI, n (%) 46
Healthy weight 13 (13.5) 19(9.3)
Overweight 41 (42.7) 85 (41.5)
Obese 42 (43.8) 101 (49.3)
Self-reported minutes of physical activity/week, mean 277.94 (29.15) 286.12 (24.72) 83
(SB)
Self-reported sessions of physical activity/week, mean 4.0 (1.0, 8.0) 4.0(1.0,7.0) .95
(SB)
Dietary score, median (IQR) 52.0 (46.0, 56.75) 52.0 (47.0, 57.0) 33
Higher-fiber bread, n (%) 93 (57.0) 195 (68.2) .06
Low-fat milk, n (%) 87 (57.5) 182 (56.0) 83

Physical activity literacy (% agree), n (%)

=30 min/day improves health 79 (82.3%) 144 (70.2%) .03

30 min brisk walking improves health 79 (82.3%) 153 (74.6%) 14

2(;I min of vigorous activity 3times/week isessen- 54 (56.3%) 139 (67.8%) .05

ti

10-min blocks of activity are okay 52 (54.2%) 106 (51.7%) .69

Moderate activity can improve health 87 (90.6%) 177 (86.3%) .29
Nutritional literacy, median (IQR) 25 (24, 26) 26 (24, 27) .66

&Technical and further education (TAFE) is a provider of vocational nonbachelor education up to level of advanced diploma.
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Figure 4. Flow of participants through the study.

Changein Physical Activity and Dietary Behaviors

There were no significant between-group differences or
groupxtime interaction effects in any of the physical activity
and dietary behaviors examined; however, significant main
effectsfor time were observed (Table 3). Self-reported minutes
(3 months. exp(B)=1.45, 95% ClI 1.09-1.95; 9 months:
exp(B)=1.55, 95% Cl 1.14-2.10) and sessions of physical activity
(3 months. exp(B)=1.61, 95% ClI 1.17-2.22; 9 months:
exp(B)=1.51, 95% CI 1.15-2.00) were significantly higher at 3
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and 9 months compared to baseline in both groups. Dietary
scores were significantly higher (improved) at both 3 and 9
months compared to baseline (3 months: exp()=1.07, 95% ClI
1.03-1.11; 9 months: exp()=1.10, 95% CI 1.05-1.13) in both
groups. A significantly higher proportion of participants reported
consuming higher-fiber bread (exp()=2.25, 95% Cl 1.29-3.92)
and low-fat milk (exp()=1.65, 95% CI 1.07-2.55) at 3 months
compared to baseline in both groups, consumption of
higher-fiber bread and low-fat milk were not significantly higher
at 9 months compared to baseline in both groups.
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Table 3. Comparison of self-reported measured health behaviors between intervention groups over the intervention period.
Health behavior exp(B) (95% ClI) Model effects, P
Group Time Groupxtime
Self-report minutes of physical activity per week 2 .60 <.001 .66
I T-based vs print-based? 1.03 (0.78-1.36)
3vs 0 months? 1.45 (1.09-1.95)
9 vs 0 months” 1.55 (1.14-2.10)
Self-report sessionsof physical activity per week
a 32 <.001 55
| T-based vs print-based® 0.97 (0.75-1.25)
3vs 0 months 1.61 (1.17-2.22)
9vs 0 months? 1.51 (1.15-2.00)
Dietary score® .68 <.001 .09
I T-based vs print-based? 1.02 (0.98-1.06)
3vs 0 months? 1.07 (1.03-1.11)
9 vs 0 months” 1.10 (1.05-1.13)
Higher-fiber bread @ 05 <.001 92
I T-based vs print-based® 1.60 (0.94-2.71)
3vs 0 months? 2.25 (1.29-3.92)
9vs 0 months? 1.89 (0.99-3.60)
Low-fat milk € 54 .002 .90

I T-based vs pri nt-based®

3vs0 months

0.88 (0.52-1.49)

1.65 (1.07-2.55)

9vs 0 months? 1.41 (0.92-2.17)

M odel (negative binomial with log link) included age, education level, and occupational classification as covariates. Number of observations=616.

bReference category for comparison.

®Model (negative binomial with log link) included age, education level, and occupational classification as covariates. Number of observations=608.
This outcome was examined as the change in the total number of times the food was consumed and the servings of afood.

9Model (binomial with logit link) included age, education level, and occupational classification as covariates. Number of observations=587. This outcome
was examined as the change in the proportion of participants consuming higher-fiber bread.

®Model (binomial with logit link) included age, education level, and occupational classification as covariates. Number of observations=542. This outcome
was examined as the change in the proportion of participants consuming low-fat milk.

Changein Health Literacy

A significantly lower proportion of participantsin the I T-based
intervention arm reported agreeing that 30 minutes of physical
activity per day improves health compared to the print-based
arm (exp(3)=0.48, 95% CI 0.26-0.90); there were no significant
time or groupxtime interaction effects for this outcome (Table
4). A significantly higher proportion of participants in the
| T-based intervention arm reported agreeing that 20 minutes of
vigorousintensity physical activity performed 3 times per week

http://www.jmir.org/2014/6/e136/

isessential toimprove health (exp(B)=1.70, 95% Cl 1.02-2.82).
There were no significant group or groupxtime interaction
effects for the proportion of participants reporting that blocks
of aminimum of 10 minutes physical activity are acceptableto
acquire health benefits; however, a significantly higher
proportion of participants reported agreeing with this statement
at 9 months compared to baseline in both groups (exp(3)=2.52,
95% Cl 1.28-4.94). No other statistically significant differences
were observed in physical activity and nutrition literacy (Table
4).
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Table 4. Comparison of health literacy outcomes between intervention groups over the intervention period.?
Health literacy outcome exp(B) (95% ClI) Model effects, P
Group Time Groupxtime
>30 minutes/day improves health® A7 A1 .28
I T-based vs print-based® 0.48 (0.26-0.90)
3vs 0 months® 1.02 (0.50-2.09)
9 vs 0 months® 1.37 (0.65-2.89)
30 minutes brisk walking improves health b 91 .01 A3
I T-based vs print-based® 0.63 (0.34-1.16)
3vs 0 months® 1.33 (0.58-3.06)
9 vs 0 months® 1.51 (0.60-3.81)
20 minutes of vigorous activity 3 times/week is essential b .01 .99 .88
I T-based vs print-based® 1.70 (1.02-2.82)
3 vs 0 months® 0.96 (0.49-1.87)
9 vs 0 months® 1.08 (0.57-2.04)
10-minute blocks of activity are okay b 33 .001 .58
I T-based vs print-based® 0.89 (0.54-1.45)
3vs 0 months® 1.51 (0.83-2.72)
9 vs 0 months® 2.52 (1.28-4.94)
Nutrition Iiteracyd .78 44 51

I T-based vs print-based® 1.01 (0.99-1.03)

3vs 0 months® 1.01 (0.99-1.03)

9 vs 0 months® 1.01 (0.97-1.05)

8Analysisof changein the physical activity literacy outcome of “moderate physical canimprove health” isnot reported astherewasinsufficient variation
in the outcome to allow the model to be accurately estimated. The proportion of participants agreeing with this statement at each time point in each
groupis: Basdline: | T-based=86.3%, print-based=90.6%; 3 months: | T-based=88.9%, print-based=86.7%; 9 months: | T-based=100.0%, print-based=95.8%.

bModel (binomial with logit link) included age, educational level, and occupational classification as covariates. Number of observations=608.

CReference category for comparison.

dModel (negative binomial with log link) included age, educational level, and occupational classification as covariates. Number of observations=608.

ManUp Challenges

Because of the difficulty in obtaining recordsin logbook usage
and challenge completion in the print-based intervention arm,
data on the usage of ManUp challengesis only reported for the
I T-based intervention arm. Figure 5 demonstrates the number
of participantsin the | T-based intervention arm who started and
completed light-, mid-, or full-strength physical activity and
healthy eating challenges over the 9-month intervention period.
A higher number of participants initiated physical activity
challenges compared to the healthy eating challenges, and no
participants completed a healthy eating challenge—this was
because of participants not completing the required number of
healthy eating goals in the specified time period (3-, 6-, or
12-week challenge duration depending on challenge strength
selected); thus, they did not complete the challenge. When

http://www.jmir.org/2014/6/e136/

examining the number of challenges initiated and completed
over the 9-month period by al IT-group participants,
light-strength physical activity challenges were the most
frequently selected (n=147) and completed (n=137), followed
by mid-strength physical activity challenges (initiated: n=80;
completed: n=68), and full-strength physical activity challenges
(initiated: n=69; completed: n=53). Healthy eating challenges
wereinitiated at alower frequency compared to physical activity
challengesbut followed asimilar pattern; light-strength healthy
eating challenges were the most frequently selected (initiated:
n=60; completed: n=0), followed by mid-strength healthy eating
challenges (initiated: n=28; completed: n=0), and full-strength
healthy eating challenges (initiated: n=14; completed: n=0).

Information on the type of physical activity challenges selected
by participants is provided in Figure 6. Walking was the most
frequently selected challenge type, followed by cycling and
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strengthening activities. Figure 7 showsthe number of different  alcohol-free days and eating 2 pieces of fruit were the most
health eating goas selected; fast food—, soft drink—, and frequently selected goals across all challenges.

Figure5. Number of participantsin the | T-based intervention who started and completed ManUp challenges.
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Figure 6. Number of physical activity challenge types completed by challenge strength.
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Figure 7. Number of healthy eating goals selected by challenge strength (based on goals logged via the website only).
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Information Technology Platform Usage

The median number of log-insto the IT platform per week at
3 months and 9 months was 2.00 (IQR 6.00) and 2.00 (IQR
6.50), respectively; the average number of log-ins to the IT
platform at these same time periods was 6.99 (SE 0.86) and
9.22 (SE 1.47). Median number of self-monitoring entries per
week at 3 months and 9 months was 1.00 (IQR 20.0) and 1.00
(IQR 21.5), respectively; the average number of self-monitoring
entriesat 3 months and 9 monthswas 16.69 (SE 2.38) and 22.51
(SE 3.79), respectively. Participants who logged in 2 or more
timesin thefirst 3 months of theintervention made significantly
more self-monitoring entries (median 18.00, IQR 38.00)
compared to participants logging in less than 2 times (median
0.00, IQR 0.00; U=1195.50, P<.001). Figure 8 shows the
number of userslogging in at least once and making at least 1
self-monitoring entry each week over the intervention period.
Following the initia reduction in usage between week 1 and
week 3, usage continued to decline throughout the intervention
period. No measure of usage of the IT-based platform was
associated with any of the physical activity or dietary behaviors
examined (Table5). Use of the Mate feature and poststo update
their progress was low; 21 participants used the Mate feature
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and no participants using this feature had more than 1 mate on
the platform; 36 participants used the post feature (minimum=1
post, maximum=26 posts). Minimal reports of bugs or errors
(<10) on the IT-based platform were received during the
intervention period via the “report a bug” feature. Of the 33
participantswho completed survey itemsregarding satisfaction
of the print materials, 33.3% (11/33) agreed or strongly agreed
that they would like to continue to use the ManUp booklet in
the future, and 75.8% (25/33) agreed or strongly agreed that it
was easy to use. Of the 60 participants who completed survey
items regarding satisfaction of the website, 25.0% (15/60) of
participants agreed or strongly agreed that they would like to
continue to use the website and 85.0% (51/60) reported it was
easy to use. Of the 139 participants who completed items
regarding satisfaction with the concept of the physical activity
and healthy eating challenges, 60.4% (29/48) and 52.7% of
participants (48/91) in the print and IT-based groups,
respectively, reported satisfaction with the physical activity
challenge with no significant differences between groups
(x21:0.7, P=.34). There were no differences in the proportion
of participantsin the print (60.4%, 29/48) and | T-based groups
(48.4%, 44/91) who reported being satisfied with the healthy

eating challenge (x%=1.8, P=.18)
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Table 5. Associations between | T-platform usage and self-reported physical activity and dietary behaviors.

Health behavior Number of log-ins, exp(B) Number of self-monitoring  Model effects, P
(95% ClI) entries, exp(B) (95% ClI)
Number of ~ Number of self-monitoring
log-ins entries
Self-report minutes of physical activity per week 2
3 months 1.00 (0.98-1.01) 1.00 (0.997-1.01) 43 .38
9 months 1.00 (0.99-1.00) 1.00 (1.00-1.01) 25 .10
Self-report sessions of physical activity per week b
3 months 0.99 (0.98-1.01) 1.01 (1.00-1.01) 19 .05
9 months 1.00 (0.99-1.00) 1.00 (1.00-1.01) 41 16
Dietary score©
3 months 1.00 (1.00-1.00) 1.00 (0.99-1.00) 65 76
9 months 1.00 (1.00-1.00) 1.00 (1.00-1.00) A1 .63
Higher-fiber bread
3 months? 1.03(0.93-1.13) 1.02 (0.99-1.05) 59 25
9 months® — — — —
L ow-fat milk |
3 months 0.97 (0.90-1.04) 1.01 (0.98-1.04) 33 71
9 months 1.00 (0.98-1.03) 1.00 (0.99-1.01) 71 .54

3\odel (Tweedie with log link) included age, educational level, occupational classification, access to the mobile platform, and baseline minutes of
physical activity as covariates. 3 months: n=101; 9 months: n=100.

bModel (negative binomia with log link) included age, educational level, occupational classification, accessto the mobile platform, and baseline sessions
of physical activity as covariates. 3 months: n=101; 9 months: n=100.

“Model (Tweedie with log link) included age, educational level, occupational classification, access to the mobile platform, and baseline dietary score
as covariates. 3 months: n=99; 9 months: n=96.

dModel (binomial with logit link) included age, educational level, occupational classification, access to the mobile platform, and baseline bread
consumption as covariates. Number of participants=93.

®Results are not reported for this time point as the model had partial or complete separation and parameters could not be reliably estimated.

"Model (binomial with logit link) included age, educational level, occupational classification, accessto the mobile platform, and baseline milk consumption
as covariates. 3 months: n=82; 9 months: n=80.

Figure 8. Participant usage of the I T-based intervention platform each week over the intervention period.

140

120

100
a
Q
7]
'D 80
§ ——Number of users logging in
2 >1 times
E 60 .
3 Number of users making >1
< self-monitoring entries

40

20

___A‘
0+ o T e e SE M e

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
Week

http://www.jmir.org/2014/6/e136/ JMed Internet Res 2014 | vol. 16 | iss. 6 | €136 | p.55

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Discussion

This study examined the relative effectiveness of the ManUp
intervention materials delivered by an IT-based intervention
platform compared to a print-based intervention to improve
middle-aged males’ physical activity and dietary behaviors, and
health literacy of these behaviors. Analysesrevealed significant
improvements over time in self-reported minutes and sessions
of physical activity and self-reported overall dietary behaviors
in both groups. These changes did not significantly differ
between participants receiving access to the I T- or print-based
intervention materials. Three components of physical activity
literacy changed during the intervention period. First, a lower
proportion of participants in the 1T-based intervention arm
reported agreeing that 30 minutes of physical activity per day
is enough to improve health. Second, a higher proportion of
participants in the | T-based intervention arm reported agreeing
that 20 minutes of vigorous intensity physical activity 3 times
per week is necessary to improve health. Finally, a higher
proportion of participantsfrom both intervention arms reported
agreeing that accumulating physical activity in blocks of a
minimum 10 minutes are acceptable to improve health at the
9-month assessment point compared to baseline. Nutrition
literacy did not change over time or between intervention arms.

Print- and 1T-based interventions have been shown to be
effective in improving physical activity, dietary behaviors, or
both behaviors in male populations in earlier research
[19,46-49]. These studies demonstrated positive intervention
effects on target behaviorsfor time periods ranging between 14
weeks and 12 months [19,48]. Consistent with this literature,
the current study demonstrated positive changesin both physical
activity and dietary behaviors over a 9-month period.
Notwithstanding the limitations of the self-report data in the
current study, the sustained nature of the changesis encouraging
given that poor physical activity and dietary behaviors are
prevalent and significant contributors to chronic diseaserisk in
male populations [3-5,13]. Most previous research hastargeted
only 1 of these behaviors and comparatively fewer interventions
aimed at males have targeted both behaviors simultaneously
[7,8]. Assuch, outcomes of the ManUp study contribute to the
evidence that it is feasible to target and significantly improve
multiple health behaviors simultaneously in various popul ations
[50-52]. The ability of the intervention platform to improve
physical activity and dietary behaviors and the lack of
differences between the delivery modes suggests that | T-based
approaches are useful to improve males engagement in these
behaviors. This observation is useful given the large number of
males engaging in poor levels of physical activity and dietary
behaviors and the potential reach of 1T-based interventions
relativeto other delivery modes. However, as others have noted,
the challenge lies in attracting and engaging individuals to the
platform [15,53], particularly males who are an acknowledged
difficult group to engage in these types of interventions[7,8].

An advantage of IT-based platforms is that participant
engagement and usage can be monitored throughout the
intervention period. Figure 8 shows a modest level of
engagement and usage in the initial weeks of the intervention
period followed by asteady decline over time. The modest level
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of initial usage may be related to the minimal instruction
provided to participants on usage of the platform; however, this
wasintended to reflect the level of instruction provided in other
publicly available websites. Platform usage rates may also be
related to the levels of participant satisfaction reported which
were not as high as expected given the materialsand intervention
platform were developed specifically for this population.
However, given the limited number of participants who
completed participant satisfaction survey items these results
should be interpreted cautiously. Analysis of the frequency of
user log-in and self-monitoring entries revealed no statistically
significant association with behavior at either the 3- or 9-month
assessment points. Although the pattern of declining participant
usage over time is similar to that of previous studies [45,54],
the absence of an association with behavior change is not
[22-24,45,55]. The lack of association could be because of a
lack of statistical power or the measures of engagement and
usage applied in the current study failed to capture real
participant engagement with the platform. Donkin et al [24]
suggested that morein-depth analysis of participant engagement
and platform usage is required to understand the relationship
between engagement and behavior change; the findings of this
study support the assertion that simplistic measures of usage
may not be the strongest predictors of behavior change.
Alternatively, it may be that participants received an adequate
exposure to intervention materialsto promote behavior change
during their initial use of the platform. The suggestion that an
individual's behavior can be changed following a single
exposure to an intervention is supported by previous studies
[50,56,57]. Several interventions now seek to maintain and
increase greater engagement through various | T-based strategies
to foster greater or more sustained behavior change, and
evaluation of these strategies to prolong user engagement are
intheir infancy [45,58]. Given the consistently reported declines
in platform usage and engagement over time [15,45], and
evidence of effectiveness of repeated interventions deliveredin
a booster style [59,60], comparing the effectiveness of these 2
intervention approaches to change behavior may contribute to
understanding the most effective way to change behavior.

Potential reasons for low engagement, usage, and satisfaction
could be a mismatch between participants expectations of the
intervention and intervention reality. For example, process
evaluation of participantsinthistrial revealed that many wanted
prescriptive and personalized information and feedback on their
progress [61]. Participants also expressed a desire to transfer
the print-based intervention to online platforms to increase
accessibility, and for the ManUp app to be usable without
requiring an Internet connection [61]. As such, it appears that
participants desired an increased accessibility to content above
that provided by the current intervention platform. Theseissues
may have adversely impacted engagement and satisfaction.
Managing the user expectations by providing a flexible
intervention platform that is highly accessible may improve
platform usage above that observed in the current trial [61].

One strategy intended to promote prolonged engagement is
social interaction among participants[58]. In the current study,
10% of participants had an online friend or mate, and website
statistics showed that all these participants had no more than 1
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mate. The number of participantswith onlinefriendsisslightly
higher than that reported in a subsample of users of the 10,000
Steps website (4.3%), yet use of online friends appears to be
low by participants of health behavior change interventions
[22]. Low use of thisfeature in the current study could be due
to several factors, including alack of awareness of this feature
on theintervention platform, the fact the platform required users
to search by name for a mate without knowing who else was
on the platform, areluctance to befriend individual s online when
they are not “real-life” friends, and the limited number of
participants on the website (n=205) compared to other online
socia networking sites (eg, Twitter, Facebook). The study did
not assessif participants knew the identity of other participants
also enrolled in the study. These issues should be considered
in the design of future interventions seeking to implement a
social support/interaction feature. Some of these restrictions
wereimposed to preservetheintegrity of the RCT design, which
poses interesting design issues for future studies seeking to
evaluate the effectiveness of socia interaction within RCT
designs. These issues include how to foster online social
interaction between individuals who do not know one another
in real life, or allowing study participant’s real-life friends to
use the platform and maintain the integrity of the trial.

The ManUp challenges allowed participants to select from a
range of different challenges that varied in the length of
challenge and the amount of the behavior to be performed, and
analysis of the challenges selected by participants revealed some
interesting results. Figure 5 showsthat light-strength challenges
were the most frequently initiated challenges for both physical
activity and dietary behaviors. This may be a function of
participants seeking to try a new activity or dietary change to
build confidence in their ability to change before committing
to longer-term change [25]. This aligns with behavior change
theory, which indicates that successfully completing atask is
useful in building confidence to complete subsequent tasks[30].
For the physical activity challenges, participant data indicated
that some users selected a variety of different challenge
activities, which may be one way users sought to introduce
variety to their physical activity regimeto maintain interest over
alonger time period. The most frequently completed challenge
was walking; this is interesting because it has been suggested
that walking does not appea to males in this age range [62].
Yet this does not seem to be the case in the current study, nor
does it appear to be mirror broader data for Australian males
that indicate walking is the most popular recreationa activity
engaged in [33]. Figure 7 shows the number of each healthy
eating goal completed by challenge strength. The higher number
of full-strength goal s completed reflectsthe longer duration and
higher number of goalsrequired for this challenge strength. Fast
food-, alcohol-, and soft drink-free daysand consuming 2 pieces
of fruit were the 4 most frequently completed goals overall,
which partly aligns with the objective of the healthy eating
challenges to incorporate positive changes to dietary habits to
improve overall dietary quality. That no healthy eating
challenges were completed indicates either poor compliance
with implementing changes or that theway in which achallenge
needed to be completed (specific number of goals over a
specified time period) could be improved. ManUp challenges
were designed to provide ready-made targets for males, yet
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some males expressed a desire to have greater flexibility in
setting their own goals and recording progressin their preferred
metric [61]. Adopting this approach may have increased the
completion rate of the challenges.

Approximately three-quarters of participants in the 1T-based
arm owned a mobile phone that alowed them to access the
Internet and, therefore, the mobile component of the
intervention. Thisis higher than previous reports in Australia,
and is likely to continue to increase as ownership of
I nternet-capabl e mobile devices continuesto increase [63]. Yet
only 21.8% of participants in the IT-based intervention who
had access actually logged in to the mobile phone platform. The
low-level usage of the mobile phone component may berelated
to its limited functionality. Limiting functionality was a
conscious design decision to maximize potential use across a
wide variety of maobile phones, including some older mobile
phones that did not allow the navigation and functionality of
newer smartphone devices. Interviews with intervention
participantsindicated that needing to be connected to the Internet
to use the mobile app was a limiting factor for some users and
this may have also contributed to the low usage [61]. Recent
growth in and expected growth of smartphone sales and
ownership, self-monitoring devices (ie, Fitbit, Jawbone), and
willingness of some males to use smartphone technology
[17,63,64] will alow future interventions to take advantage of
the greater functionality offered by these devicesincluding the
ability to perform self-monitoring viainstalled apps without the
device/app requiring an Internet connection.

Health literacy allowsindividuals to use and apply knowledge
to process information and inform decisions concerning their
health and is identified as a priority for males [13]. ManUp
educational materialswere designed to provide clear and concise
information on the rationale for changing physical activity and
dietary behaviors and how to achieve these changes consistent
with formative research and behavior change theory [18,25,30].
Study outcomes show mixed support for the effectiveness of
the materials to improve physical activity and nutritional
literacy. Nutrition literacy remained unchanged throughout the
study and may have been impacted by the moderately high level
of nutritional literacy at baseline [42]. Dietary educational
materials provided information on the amount and frequency
that particular food groups should be eaten consistent with
national guidelinesand the benefits of consuming the particular
food group and an overall healthy diet [25,34]. Although the
nutritional literacy scale assessed some components addressed
by educational materials (eg, required servings of fruit and
vegetables, high-sugar foods contain a high number of
kilojoules), other components were much broader (eg, how to
prevent food poisoning from eggs, cost and weed control
methods of organic farms). As such, the discrepancy between
the educational materials provided in the intervention and the
instrument used to assess nutritional literacy may have limited
the ability to detect change in this construct. Alternatively,
participants may not have read these educational materials or
preferred amore prescriptive approach to the dietary information
provided [61]. Baseline physical activity literacy was lower
than previously reported, particul arly regarding knowledge that
blocks of a minimum of 10 minutes of activity are acceptable
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to improve health [65]. This was the only measure to
significantly change over time with a significantly higher
number of participants agreeing with this at 9 months (68.9%)
compared to baseline (52.5%). Changes in the proportion of
participants agreeing that moderate intensity physical activity
can improve health were not statistically examined because
more than 95% participants agreed with this statement at 9
months, which resulted in insufficient variability for theanalysis
to take place (Table 4). Although not statistically examined,
this may be viewed as an improvement in one component of
physical activity literacy. The significant between-group
differences in the proportion of participants agreeing that
vigorousintensity physical activity performed 3 times per week
isessential for health and that 30 minutes of moderate intensity
physical activity per day can improve health are likely because
of differing levels between groups at baseline. The reasons for
the baseline differences between intervention groups on the
proportion who agreed that 30 minutes of moderate intensity
physical activity per day can improve health are unknown,
particularly because qualitative research indicates that males
have a good knowledge of the volumes and frequencies of
physical activity needed to improve health [18,66]. Based on
these observations, the ManUp education materials may have
been more effective at improving physical activity literacy of
participants compared to nutritional literacy.

Males are acknowledged as a hard-to-reach population in the
health behavior intervention literature and this is reflected in
the low recruitment rate in this study (approximately 27
participants per month of recruitment). I T-based interventions
frequently report low participant retention rates, and in this
study the overall retention rate at 9 months was 49.2% with a
lower retention rate in the 1 T-based group (46.8%) compared
to the print-based group (54.2%, P=.24). Low retention rates
in 1 T-based studies are an acknowledged issue and the level of
retention in this study is comparable to previous intervention

Duncan et al

studies [67-70]; as such, the low retention rate may not be an
issue specific to the target population. The low retention rate
limited the number of observations available for analysis over
time; however, analytic methods using all available data were
employed to minimize the impact of this potential limitation.
Consistent with study objectivesto improve regular engagement
in physical activity and healthy eating, the ManUp study did
not focus on weight loss during recruitment which previous
studies have promoted in their recruitment [47,48]. This may
have contributed to lower than expected recruitment rates given
the prevalence of overweight and obesity in males.

Because of logistical constraints, it was not possible to assess
usage of the print-based materials and self-monitoring behavior
of participantsin this intervention arm. The lack of this usage
data prohibits between-group comparisons of usage and behavior
change, which may contribute to better understanding the
relationship between platform usage and behavior change; this
isalimitation of the study. Other limitations of the study include
a reliance on self-report measures. Although a subsample of
participants (n=91) were provided with accelerometers to
objectively measure physical activity [25], poor participant
compliance with measurement protocols resulted in too few
participants providing valid data for meaningful analysis and
these data are not reported in this paper. The usage rate of the
mobile component and use and functionality aspects of the Mate
feature are also limitations of the current study.

This study evaluated the effectiveness of an intervention
delivered by IT- and print-based materials to promote
self-monitoring of physical activity and dietary behaviors and
health literacy of these behaviors. Although study outcomes
show mixed support for the intervention to change health
literacy, 1 T- and print-based modes were effective in improving
physical activity and dietary behaviors in middle-aged males
with no differences between delivery modes. This suggests both
may be useful intervention delivery modes.
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Abstract

Background: The US Centers for Disease Control and Prevention have identified a lack of encouragement, support, or
companionship from family and friends as a major barrier to physical activity. To overcome this barrier, online socia networks
are now actively leveraging principles of companion social support in novel ways.

Objective: The aim was to evaluate the functionality, features, and usability of existing online social networks which seek to
increase physical activity and fitness among users by connecting them to physical activity partners, not just online, but also
face-to-face.

Methods: In September 2012, we used 3 major databases to identify the website addresses for relevant online social networks.
We conducted a Google search using 8 unique keyword combinations. the common keyword “find” coupled with 1 of 4 prefix
terms “health,” “fitness,” “workout,” or “physical” coupled with 1 of 2 stem terms “activity partners’ or “activity buddies” We
also searched 2 prominent technol ogy start-up news sites, TechCrunch and Y Combinator, using 2 unique keyword combinations:
the common keyword “find” coupled with 1 of 2 stem terms “activity partners’ and “activity buddies.” Sites were defined as
online social health activity networks if they had the ability to (1) actively find physical activity partners or activities for the user,
(2) offer dynamic, real-time tracking or sharing of social activities, and (3) provide virtual profiles to users. We excluded from
our analysis sites that were not Web-based, publicly available, in English, or free.

Results:  Of the 360 initial search results, we identified 13 websites that met our complete criteria of an online social health
activity network. Features such as physical activity creation (13/13, 100%) and private messaging (12/13, 92%) appeared almost
universally among these websites. However, integration with Web 2.0 technologies such as Facebook and Twitter (9/13, 69%)
and the option of direct event joining (8/13, 62%) were not asuniversally present. Largely absent were more sophisticated features
that would enable greater usability, such as interactive engagement prompts (3/13, 23%) and system-created best fit activities
(3/13, 23%).

Conclusions: Several major online socia networks that connect users to physical activity partners currently exist and use
standardized features to achieve their goals. Future research is needed to better understand how users utilize these features and
how helpful they truly are.

(J Med I nternet Res 2014;16(6):€153) doi:10.2196/jmir.2674
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Introduction

In 2006, it was estimated that direct medical costsin the United
States because of alack of physical activity totaled more than
$188 hillion annually [1]. The US Centers for Disease Control
and Prevention (CDC) haveidentified alack of encouragement,
support, or companionship from family and friends as a major
barrier to physical activity [2]. Online socia networks are now
actively leveraging principles of companion social support in
novel waysto overcomethis barrier. For example, services that
facilitate step-count sharing between friends and allow usersto
engage in fitness challenges with one another by sharing
workout routines have recently emerged [3]. Users have
embraced physical activity social networks, such as Fitocracy,
Spark People, and Run Keeper, which currently have an
estimated 1 million, 15 million, and 23 million users,
respectively [4-6].

With the boom of online social networks focused on physical
activity, new sites that directly connect individuals to physical
activity partners have emerged. The social support provided
through the discussion forums of these networks and the ability
to connect with users online likely increases physical activity;
the existing literature supportsthat having one friend to exercise
with increases the likelihood of doing so by 45% [7]. As the
industry for online physical activity social networks grows, it
would be helpful to characterize existing networks and examine
approaches taken by sitesto leverage social support to increase
physical activity engagement.

As afirst step toward understanding the potential that online
social networks have to increase physical activity and in an
effort to inform the development of future networks, we aim to
(1) describe established and emerging social networks that
connect usersto physical activity partners face-to-face, and (2)
describe the functionality, features, and usability of these
networks.

Methods

I dentification of Established and Emerging Social
Health Activity Networks

To identify the established and emerging socia health activity
networks, we searched 3 major databases. the Google search
engine and 2 start-up news sites, TechCrunch [8] and Y
Combinator [9]. TechCrunch and Y  Combinator
comprehensively cover onlinesocial networks, and these 3 sites
were selected with the expectation that they covered socia
networks with sufficient popularity and exposure. Initialy, we
identified established networks using a Google search for the
top 30 results from use of the common keyword “find” coupled
with 1 of 4 different prefix terms*“health,” “fitness,” “workout,”
or “physical” coupled with 1 of 2 different stem terms “activity
partners’ or “activity buddies’ (ie, “find heath activity

http://www.jmir.org/2014/6/e153/

partners’). This produced 8 key phrase permutations with 30
results for each to give atotal of 240 results.

Next, we identified emerging networks by searching
TechCrunch and Y Combinator for the top 30 results from use
of the common keyword “find” with the 2 stem terms “activity
partners’ and “activity buddies” Prefix terms were excluded
from the search to create abroader key phrase terminology with
increased sensitivity to capturing emerging siteson TechCrunch
and Y Combinator. This gave 2 key phrase permutations with
30 results for each of 2 start-up sites for a total 120 results.
Together the searches produced afinal list of 360 sites. Searches
were conducted in September 2012.

For our review, we defined a “physical activity partner” as an
individual who engages in physical activities offline with
another user. Sites were defined as physical activity partner
social networks if they had the ability to (1) actively find
physical activity partners or activities for the user, (2) offer
dynamic, real-time tracking or sharing of social activities, and
(3) provide virtua profiles to users. We excluded from our
analysis sites that were not Web-based, publicly available, in
English, or free. Additionally, sites or applications that were
mobile only or lacked a social network facet were excluded.
The searches and determination of eligibility were conducted
by 3 individuals (authors AN, AS, and RP) by using personal
computers. Any discrepancies or conflicting opinions were
brought before the group to reach a consensus.

Analysis

We accessed and used each physical activity partner network
to analyze site functionality and usability. A total of 12 key
features (see Table 1 for descriptions of each feature) were
assessed using abinomial scale (1=site hasfeature; O=site does
not have feature) for each site. Because there was sparse existing
literature on which specific social network featureswould have
an impact on physical activity, we looked to the existing sites
themselves to determine which features were being used,
developed, and incorporated into these sites with the goal of
connecting physical activity partnersto determinewhich features
were important to analyze and characterize. Assessed features
were placed into 1 of 3 categories. communication, activity
optimization, and sophistication. Categories were picked to
represent domains that would influence change in physical
activity behaviors. The communication category broadly
represented networks with features such as messaging, chat, or
user updates. More specifically, this category included (1) ability
to input or update status, (2) group creation, (3) private
messaging, and (4) rea-time messaging. The activity
optimization category broadly represented networks with
features allowing for tailoring of variables important in doing
physical activity. This category included (1) ability to create
activities, (2) activity creation customization, and (3) ability to
directly confirm or join activities. The sophistication category
broadly represented networks with advanced features that
enhance user experience, interactivity, and value. This category
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included (1) exclusivity to physical activity, (2) filtering Web 2.0technology integration (ie, with sites such as Facebook

preferences, (3)

interactive engagement

prompts, (4) and Twitter).

site-suggested recommendations for best fit activities, and (5)

Table 1. Description of key features and categories.

Category/feature name

Description

Activity optimization

Ability to create event

Activity creation customization

Direct ability to join event

Featuresthat focus on the specifications of physical activity eventsthat users can create or participate
in

The website enables users to post or generate a new physical activity event

Meetsat least 5 of 9 predetermined variablesrelating to the user’ s ability to customize activity creation:
(2) the ability to customize according to specific activity type (eg, basketball), (2) time or day of
event, (3) location, (4) event privatization, (5) invitation of individual participants, (6) invitation of
groups, (7) skill level of participants, (8) maximum number of participants, and (9) the provision of
afree response text box for further event information

Users may view physical activity events and have the option of selecting which events they intend

on participating
Communication
Ability to input/update status
Group creation

Private messaging of users
Real-time messaging (chat) of users
Sophistication

Features that promote interactions between users
Users can submit text or media-based entries to describe their recent progress or activities

Users are able to create groups of common interest and have interactions within the group visible to
all members of the group

The website provides direct one-on-one messaging of users visible only to the usersinvolved
The website provides instant messaging for users to communicate directly with one another

Advanced featuresthat support functionality of the siteand arein placeto |essen user burden connect-

ing to the site and the physical activities offered

Exclusivity to physical activity

The website has a singular focus on physical activities and does not specialize in connecting users

based on nonphysical activities

Filtering preferences

Meets at least 3 of 5 predetermined variables relating to the user’s ability to filter activities: (1) spe-

cific activity type, (2) user availability, (3) location, (4) user skill level, and (5) keyword

I nteractive engagement prompts

The website interacts with usersthrough prompts such as questions about their physical activity inter-

ests or availability with the goal of connecting them to new activities

Site-suggested best fit activities
user data

Web 2.0 technology integration
Twitter

The website offers activity recommendations for users based on previous site activity and collected

The website has some connectivity involved with other social media sites, such as Facebook and

Of the 12 features, 3 were placed in the communication
category, 4 were placed in the activity optimization category,
and 5 were placed in the sophistication category. Of note, for
the “activity creation customization” feature, a score of 1 was
givenif thesiteincluded at least 5 of 9 predetermined variables
relating to the user’s ability to customize activity creation. The
9 predetermined variables were (1) the ability to customize
according to specific activity type (eg basketball), (2) time or
day of event, (3) location, (4) event privatization, (5) invitation
of individual participants, (6) invitation of groups, (7) skill level
of participants, (8) maximum number of participants, and (9)
the provision of a free response text box for further event
information. Additionally, for the “filtering preferences’ feature,
a score of 1 was given if the site included at least 3 of 5
predetermined variables relating to the user’s ability to filter
activities. The 5 predetermined variables were (1) specific
activity type, (2) user availability, (3) location, (4) user skill,
and (5) keyword. The features were reviewed by 3 individuals
(coauthors AN, AS, and RP) using individua personal
computers. Each reviewer created an online account on each
site and searched the site for the features of interest. All

http://www.jmir.org/2014/6/e153/

discrepancies among the reviewers were discussed until
consensus was reached.

Examplesfor some websites meeting the requirementsfor such
features are represented in figures as follows. Sponduu meets
the criteria for the ability to create event as well as activity
creation customization by allowing users to create events and
customize them with parameters that include activity type, skill
level, title, free response text for description, date and time,
location, event privatization, and invitation of individual
participants (Figure 1). FitTogether offers group creation by
allowing usersto create groupsthat share photo albums, videos,
events, and discussion visibletoitsusers (Figure 2). CribSocial
meets the filtering preferences criteria by allowing users to
search for activities and filter by keyword, activity type,
location, and number of participants (Figure 3). RunKeeper
exhibits Web 2.0 technology integration by allowing users to
sign up and sign in using their Facebook or Google accounts
(Figure 4). Fitocracy offersinteractive engagement prompts by
asking the user for information regarding their interests in
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fitness, and recommends friends, groups, and activitiesthat are  relevant to their selected interests (Figure 5).

Figure 1. Sponduu: Ability to create event and activity creation customization.
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Figure 2. FitTogether: Group creation.
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Figure 3. CribSocia: Filtering preferences.
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Activity Setting up a regular schedule would probably be best. | have some gym experience but always looking futors | Walking Partners | Tennis Partnars
for good tips or points. Rarely do free weights but would like to find someone to do this with. My current
routine is: cardio for 30 mins (*usually elliptical), followed by a different muscle group exercise on the
instruments ( chest! bicpes/abdomen, back/shoulderstriceps, Legs/abdomen/).
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Figure 4. RunKeeper: Web 2.0 technology integration.
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Figure 5. Fitocracy: Interactive engagement prompts.
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Results

Web Ranking

Of the 360 initial search results, we identified 13 established or
emerging online social networks focused on physical activity.
We arrived at these 13 sites after narrowing the search results
by excluding results that were not social networks, that were
repetitive or overlapping, or that were social networks but did

Nakhasi et &l

not meet the criteria defined in our methods. The main
characteristics of these websitesare shown in Table 2, including
the website name, worldwide website rank according to Alexa
[10], and whether the site is established or emerging. The Web
ranking measures a site’'s popularity based on website traffic
data; the lower the number, the higher the Web ranking and
popularity. In 2012, the networks with the highest Web rankings
were SparkPeople (2420), RunKeeper (5493), and Fitocracy
(26,490).

Table 2. Description of websites for online social networks that connect users to physical activity partners.

Website name 2012 Web rank Web presence
activity8 [11] n/a Emerging (beta)
BuddyUp [12] 3,138,866 Established
CribSocial [13] 1,246,680 Established
ExerciseFriends[14] 1,040,377 Established
Fitocracy [15] 26,490 Established
FitTogether [16] 358,988 Established
Friendeavor [17] 13,324,867 Established
Meet in Real Life[18] 5,556,996 Established
RunKeeper [19] 5493 Established
SparkPeople [5] 2420 Established
Sponduu [20] 12,274,504 Established
The Activity Partner [21] 15,847,153 Established
ZoomPal [22] 2,258,515 Emerging (beta)

Distribution and Frequency of Features

Table 3 shows the frequencies of 12 key features across the
networks, by whether they were prevaent (80%-100%),
common (50%-79%), or rare (0-49%). Thesefeaturesare placed
into 3 categories. communication, activity optimization, and
sophistication. Features that appeared almost universally among
these sites included the ability to create events (13/13, 100%),
and private messaging (12/13, 92%). Common features among
the sites were integration with Web 2.0 technologies, such as
Facebook and Twitter (9/13, 69%), direct joining of activities
(8/13, 62%), and group creation (8/13, 62%). Finally, highly
sophisticated features were generally rare and often lacking on
sites, such as filtering preferences (2/13, 15%), site-suggested
best fit activities (3/13, 23%), and interactive engagement
prompts that solicit user interaction (3/13, 23%).

http://www.jmir.org/2014/6/e153/

Tables 4 and 5 display each of the 12 features (rows) for the 13
websites (columns) surveyed, along with the percent of features
included in each website overall. The percentage of features
that each website offered ranged from 25% to 75%. On average,
the 13 social networkshad 6.08 (SD 2.00) or 47% of 12 features
assessed. The 2 socia networks with the greatest percentage of
the listed features were FitTogether and Fitocracy, each with
75% (9/12 features). Two other social networks, Sponduu and
SparkPeople, had 58% or 7 of 12 features.

Among al sites, the activity optimization features category was
best represented. On average, the sites included 67% (2/3) of
the activity optimization category features, followed by 44%
(1.77/4) of communication category features, and 37% (1.85/5)
of sophistication category features.
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Table 3. Features of online socia networks categorized according to frequency (prevalent, common, or rare; N=13).

Frequency Category Frequency of feature among sites,
n (%)

Prevalent (80%-100%)
Ability to create event Activity optimization 13 (100)
Private messaging of users Communication 12 (92)
Common (50%-79%)

Web 2.0 technology integration Sophistication 9(69
Direct ability to join event Activity optimization 8 (62)
Exclusivity to physical activity Sophistication 7(54)
Rare (0-49%)

Group creation Communication 6 (46)
Activity creation customization Activity optimization 5(398)
Ability to input/update status Communication 4(31)
I nteractive engagement prompts Sophistication 3(23)
Site-suggested best fit activities Sophistication 3(23)
Filtering preferences Sophistication 2(15)
Real-time messaging (chat) of users Communication 1(8)

Table 4. Features of online social networks that connect usersto physical activity partners (A-F).

Feature activity8 BuddyUp  CribSocial Exercise Fitocracy  Fit Friendeavor

Friends Together

Activity optimization

Ability to create event Yes Yes Yes Yes Yes Yes Yes
Activity creation customization No No Yes No Yes Yes No
Direct ability to join event No Yes Yes No Yes Yes Yes

Communication

Ability to input/update status Yes No No No Yes No Yes
Group creation No Yes No Yes Yes No Yes
Private messaging of users Yes Yes Yes Yes Yes Yes Yes
Real-time messaging (chat) of  No No No No Yes No No
users
Sophistication
Exclusivity to physical activity ~ Yes Yes No Yes Yes No Yes
Filtering preferences No No Yes No No No No
Interactive engagement prompts No No No No No No Yes
Site-suggested best fit activities No No No No No No Yes
Web 2.0 technology integration  Yes No Yes No Yes No Yes
% of Features 41% 41% 50% 33% 75% 33% 5%
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Table5. Features of online social networks that connect users to physical activity partners (M-Z2).

Feature MIRL RunK eeper SparkPeople Sponduu TheActivity ZoomPel
Partner
Activity optimization
Ability to create event Yes Yes Yes Yes Yes Yes
Activity creation customization No No Yes No No Yes
Direct ability to join event No Yes Yes No No Yes
Communication
Ability to input/update status Yes No No No No No
Group creation No No Yes Yes No No
Private messaging of users Yes Yes Yes Yes Yes No
Real-time messaging (chat) of users No No No No No No
Sophistication
Exclusivity to physical activity No Yes No No No Yes
Filtering preferences No No Yes No No No
I nteractive engagement prompts No Yes No No No Yes
Site-suggested best fit activities No Yes No No Yes No
Web 2.0 technology integration Yes Yes Yes No Yes Yes
% of Festures 33% 58% 58% 25% 33% 50%

Discussion

Principal Findings

In our investigation of 13 online physical activity socia
networks that connect users both online and face-to-face, we
found that only half of these social networks contained more
than 6 (50%) of the 12 distinct features we evaluated. Features
related to activity optimization and communication were the
most common among the social networks, whereas features
related to sophistication were less common.

Today, more than ever, individuals are looking for easily
accessible, low-cost, online technol ogiesto addresstheir health
needs [23]. Currently, no particular website offers strong
capabilities across the board in the areas of communication,
activity optimization, and sophistication. This limits the extent
to which these technologies may be successful in engaging
individuals and, just asimportantly, in fostering their behavior
change.

Depending on the needs of individuals, particular sites may be
of greater utility. SparkPeople and Fitocracy were the most
sophisticated options and would suit individuals with low
motivation levelswho require areduced-burden siteand amore
user-friendly  experience.  Although  motivation and
user-friendliness were not quantified in this anaysis, the
increased interactivity of these services might reflect users
perceived effectiveness and value of the service [24]. A recent
study tracked 1258 users of SparkPeople and found that those
who were more active on the site (ie, by posting comments and
messages to other users) saw the most significant weight loss
outcomes[25]. For individual swith very specific activity needs,
Sponduu offers the most tailored ability to optimize physical

http://www.jmir.org/2014/6/e153/

activity preferences by allowing users to create activities and
customize them by using inputs such as activity type, time,
location, skill level, privacy settings, maximum attendees, and
a description text box. Additionaly, its search feature alows
users to filter results by using 149 physical or volunteering
activities, location, and activity creator (friends, public,
volunteer organization). The main advantage of such
customization depthisthat it takesinto account user preferences,
which include how rigorous the desired activities may be, and
with whom the user would like to engage in the activity. Thus,
such optimization reflects user needs, offering enhanced ability
to interact with ideal target physical activity partners [26]. For
individuals in need of communicative social support,
MatchMySport and FitTogether provide an array of toolsin the
form of messaging, chat, and sharing of life updates. In addition
to these features, certain websites, such as SparkPeople, also
offered additional benefits such as calorie counting and diet
tracking (ie, nutritional content beyond calories) features for
users who are also interested in diet monitoring.

Out of the 13 websites evaluated in our research, FitTogether
and Fitocracy had the highest percentage of thefeaturesat 75.0%
or 9 of 12 features. However, FitTogether was particularly weak
in the sophistication category, lacking 3 of 5 features (filtering
preferences, interactive engagement prompts, site-suggested
best fit activities). By lacking sophistication, user burden may
be elevated to the point that engagement with the service is
inconvenient and decreases over time. Thisiswithstanding the
notion that some simplistic platforms may provide lesser
cognitive load and user burden. Here, we suggest that there is
the possibility of further reducing user burden through use of
more sophisticated software that aids in the automation of how
sociad networks are used. This type of technological
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sophistication may operate on the backend such that userswould
only perceive the benefits of these algorithms or featureswithout
viewing added complexity to the interface [27]. Fitocracy may
appear to have a more balanced collection of features than the
other socia networks by lacking just 1 item from each of the 3
categories (activity creation customization, real-time messaging,
and filtering preferences), but among these missing featuresis
the ability to create events that engage and connect people in
their physical community. Fitocracy may not be able to sustain
user commitment to regular physical activity as effectively
without this option. Although it may not beimpossiblefor users
to meet with one another offline, it would be much more difficult
for them to do so through the site.

Existing research has demonstrated both modest and significant
gainsin physical activity and health through the use of physical
activity social network interventions [25,28-31]. Our study
addresses the larger movement of catalyzing behavior change
through online technol ogies and the need for scientific evidence.
Although there exists no one-size-fits-all solution to combating
physical inactivity today, the possibility of creating a scalable,
low-cost, and universally accessible intervention now exists.
Online socia networks have already demonstrated effective
behavior change in the areas of smoking cessation and safe sex
practices[32]. Studies have shown that participants with access
to aninteractive computer program were likely to achieve higher
smoking cessation rates [32]. Furthermore, study participants
who used the program accompanied by a stop smoking forum
were even more likely to retain progress than those with aless
complete program [32]. An additional feasibility study has
indicated that minimal contact/self-help interventions have
yielded a 20.7% rate in 7-day cessation, and a 75% increase in
participants reported intention to quit smoking [33]. What once
required resource-intensive clinical management or elaborate
public health strategy now may be possible with more simple
technological aids.

Strengths and Limitations

There are limitations to this work that are worth noting. First,
we only evaluated websites that aimed to connect its users both
online and face-to-face. We acknowledge that there are many
ways to increase socia support for physical activity without
having to connect face-to-face, but these siteswere not thefocus
of this descriptive work. Additionally, given our exclusion of
certain networksfrom thisanalysis, wearelimited in our ability
to describefeaturesfor mobile appsthat are not Web-based (eg,
Loselt!) or are sensor-driven networks (eg, Fithbit). Lastly,
because of the descriptive nature of this work we are able to
comment on the characteristics of sites, but are unable to
comment on which of these characteristics actually engage users
in physical activity. In principle, we analyzed features of
websites rather than the effects of these sites on health. There
are also several strengths of this work. First, these results may
help guide health professionals faced with patients looking for
online social support for their physical activity efforts.
Additionally, it provides a snapshot of existing features of sites
that aim to connect individuals both online and face-to-face for
physical activity. Lastly, we generate hypotheses about what
features of the online socia networks reviewed might be hel pful
in initiation and maintenance of physical activity.

http://www.jmir.org/2014/6/e153/
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Clinical Implications

Previous studies suggest that online social networks are good
platforms for intervention delivery especially among young
adults [34,35]. Thereis evidence that features such as tailored
content and goal setting assists in promoting the effectiveness
of physica activity interventions [36]. Further, it has been
hypothesized that interventions may yield more favorable
outcomes with the use of advanced features, such as automated
dialog and more personalized forms of communicating
information [37]. Participant dropout from physical activity
intervention programs has been a notable problem in this area
of research [38]. Certain features, such as email reminders,
supervision and contact through texting, and regularly updated
content, might be harnessed to help with adherence [39].

A major concern in this quickly growing area of research isthe
extent to which technological creation is quickly outpacing
scientific evidence. Online services are adopted at a blazing
pace. For example, SparkPeople and RunKeeper were used by
over 15 million and 23 million users, respectively [5,6].

Moving Forward

The objective of this descriptive analysis was to characterize
the existing features of sites in play that connect users with
physical activity partners both online and face-to-face. In
principle, this analysis allows us to generate hypotheses about
why certain sites may help individuals initiate or maintain
physical activity behaviors, but it does not provide information
on the effect of these sites on physical activity or health. Moving
forward, research is needed to evaluate the impact of these
features on physical activity given the need for empirical
foundations for the continued use or elimination of features.
Currently, viral word-of-mouth and popularity impacts adoption
[40,41], whereas ideally this would be driven by data. The use
of a site’s popularity to increase user adoption is a precarious
path for those looking for genuine evidence-based health care
interventions because popular programs (eg, video games) have
been shown to be ineffective in promoting physical activity
[42].

We found that the distribution of features on each site varied
widely, with no single site including 100% of the features we
reviewed. Although it is not necessary to include every feature
to be effective in promoting physical activity, as a next step, it
is worth generating evidence about which features are most
important to users and which features are most effective in
promoting physical activity. It has been suggested that online
socia networks makes forming groups easier than it has even
been, that there can be either positive or negative effects of the
easy collaborative nature of online social networks, and that a
that acritical massof individualsisrequired for social networks
to be useful [43-45]. Moving forward, we suggest additional
research to explore several hypotheses. For example, we would
hypothesize that features such as communication, activity
optimization, and sophistication might be key contributors to
behavior change. We would also hypothesize that if sites had
more engaging user interfaces, including easier navigation,
simpler layouts, and refined esthetics, there would be greater
initiation of use and physical activity. Lastly, we would
hypothesize that the features we identified could potentially be
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used to overcome the challenge of requiring a critical massof ~ sensor-driven, aswell as research that discerns which tools can
individuals for social network sites to be useful. Although itis offer meaningful behavioral impact and guide effective public
promising to see the development and availability of public health policy and clinical counseling. Many questions remain
physical activity social networks, research is needed that around how users utilize these services and how helpful they
includes other networks, such as those that are Web-based or  truly are.
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Abstract

Background: Although in its infancy, the field of e-mental health interventions has been gaining popularity and afforded
considerable research attention. However, there are many gaps in the research. One such gap isin the area of attrition predictors
at various stages of assessment and treatment delivery.

Objective: Thisexploratory study applied univariate and multivariate analysisto alarge dataset provided by the Anxiety Online
(now called Mental Health Online) system to identify predictors of attrition in treatment commencers and in those who formally
withdrew during treatment based on 24 pretreatment demographic and personal variables and one clinical measure.

Methods: Participants were assessed using a complex online algorithm that resulted in primary and secondary diagnoses in
accordance with the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-1V-TR). Those
who received a primary or secondary diagnosis of 1 of 5 anxiety disorders (generalized anxiety disorder, socia anxiety disorder,
obsessive-compul sive disorder, posttraumatic stress disorder, and panic disorder) were offered an online 12-week disorder-specific
treatment program.

Results: Of 9394 potential participants, atotal of 3880 clients enrolled and 5514 did not enroll in one of the treatment programs
following the completion of pretreatment assessment measures (pretreatment attrition rate: 58.70%). A total of 3199 individuals
did not formally withdraw from the 12-week treatment cycle, whereas 142 individuals formally dropped out (formal withdrawal
during treatment dropout rate of 4.25%). Thetreatment commencersdiffered significantly (P<.001-.03) from the noncommencers
on several variables (reason for registering, mental health concerns, postsecondary education, where first heard about Anxiety
Online, Kessler-6 score, stage of change, quality of life, relationship status, preferred method of learning, and smoking status).
Those who formally withdrew during treatment differed significantly (P=.002-.03) from those who did not formally withdraw
in that they were less likely to express concerns about anxiety, stress, and depression; to rate their quality of life as very poor,
poor, or good; to report adequate level of social support; and to report readiness to make or werein the process of making changes.

Conclusions: This exploratory study identified predictors of pretreatment attrition and forma withdrawal during treatment
dropouts for the Anxiety Online program.

Trial Registration: Australian and New Zeadand Clinica Trids Registry ACTRN121611000704998;
http://www.anzctr.org.au/trial_view.aspx? D=336143 (Archived by WebCite at http://www.webcitation.org/618r3wvOG).
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Introduction

Although e-mental health interventions for the treatment of
anxiety disorders have been shown to be effective [1-6] and
increasing in popularity [7,8], research tends to be limited by
high rates of attrition [8-10] and small to moderate samplesizes
reported by most trials (see [11]). In addition, there appearsto
be little consensus regarding how attrition is defined in the
literature. This lack of consensus is largely a result of each
program offering different numbers of treatment modules and
each study setting a different minimum number of treatment
modules (or sessions) before a participant is considered a
completer of atreatment program. Despite high rates of attrition,
the majority of research published to date includes little or no
analysis of relationships between demographic variables and
attrition.

Attrition rates for e-mental health programs vary according to
definition and treatment variables. Researchers report attrition
rates for e-mental health treatment programs for anxiety or
depression ranging from ashigh as 99%to aslow as 1% [10-14]
with the majority reporting attrition rates ranging between 20%
and 40%. In areview of the effectiveness of e-mental health
treatment programs for panic disorder, attrition rates for online
therapy ranged between 4% and 36% [15]. Along similar lines,
arecent examination of the efficacy of e-mental health programs
for major depression, panic disorder, social phobia, and
generalized anxiety disorder using ameta-analysis of 22 studies,
revealed a range of 48% to 100% with a median of 80% of
participants who began computerized cognitive behavioral
therapy (CBT) completed all stages of their program [12].

Attrition appears to be greater in studies of Internet-based
treatment that are open to the general public [16] and online
therapy in which there is no therapist involvement [17,18] than
in studies dealing with in-clinic samples and online samplesin
which assessors and therapists are involved. For instance, a
study examining the usage and effectiveness of freely available,
nontherapist-assisted, Internet-based CBT for panic disorder
reported a very high attrition rate, with only 12 of 1161
registered users compl eting the 12-week therapy program [10].
In a study examining symptom change in people with anxiety
and depression, the general public users completed significantly
fewer symptom assessmentsthantrial participants; out of 19,607
genera public users, 12,141 (61.9%) completed at least 1
symptom assessment and 3055 (15.6%) completed 2 or more
symptom assessments, whereas 157 of 182 (86.3%) trial
participants completed at least 1 symptom assessment and 121
(66.5%) completed 2 or more symptom assessments [9].
Although demographic variables were collected, not many of
these studies examined these variables in relation to attrition.

In clinical practice, attrition rates for the treatment of anxiety
disorders vary by treatment setting and definition with arange
from 10% to 60% [19-21]. Although females and older people

http://www.jmir.org/2014/6/e152/

are linked to greater participation [22], patients with milder
anxiety disorder-specific symptoms, patientswith higher levels
of physical disability, women [23], and patientswith acomorbid
diagnosis [24], greater age and lower income [25], and lower
level of education [26] have been linked to greater dropout rates.
However, other researchers have reported no significant effect
for al or some of these aforementioned variables [23,27-29].
Pretreatment attrition in clinic-based samplesistypically higher
than during treatment attrition [22,30], with more severe
comorbid depressive symptoms and the presence of at least 1
or more children shown to be significant predictors of
pretreatment attrition [23]. On the other hand, years of
education, race, age, and employment status were significant
predictors of attendance at the initial interview for treatment
[31].

In summary, attrition rates have been reported for alarge variety
of treatment programs. It appears that attrition rates in both
online and clinic-based samples are affected by treatment and
demographic variables and tend to vary considerably depending
on how attrition is defined. Although data on attrition rates for
online and clinic-based treatment are widely available, research
regarding the relationship between demographic variables and
attrition for individual s participating in e-mental health treatment
programs is inconclusive. Although more data are available
regarding the demographic variables associated with attrition
in clinic-based samples, the research that is available is
inconclusive.

In this exploratory study, pretreatment attrition and formal
withdrawal during treatment and their predictors are examined
using datafrom the Anxiety Online platform. Because we have
the number of participants who formally withdrew during
treatment only and do not have dataon how many moduleseach
participant completed, this necessitated a different approach
from the one outlined in the literature. To avoid any confusion,
we elected to use the terms “forma withdrawa during
treatment” rather than attrition and “no formal withdrawal during
treatment” rather than compl etion.

Anxiety Onlineisfunded by the Australian Federal Government
and is operated through the National eTherapy Centre at
Swinburne University of Technology. This open access online
service provides online assessment, including diagnosis of 21
mental health disordersin accordance with the Diagnostic and
Satistical Manual of Mental Disorders, Fourth Edition, Text
Revision (DSM-IV-TR), and self-guided and therapist-assisted
treatment programsfor the 5 anxiety disorders ([32]; Figure 1).
It should be noted that the Anxiety Online platform was
upgraded in September 2013 and now uses the name Mental
Health Online [32].

This paper reportson one clinical measure and 24 demographic
variables that are potentially associated with pretreatment
attrition and formal withdrawal during treatment, in an effort
to identify individuals who are likely to refuse treatment and
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individualswho formally withdraw from treatment prematurely.
Thisisrather useful because identifying the characteristics that
aremorelikely to lead to attrition and formally dropping out of
treatment would make it possible to change aspects of the
program to makeit more engaging for these particular subgroups

Figure 1. Homepage of Anxiety Online.
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viatailoring and personalizing. In the absence of clear indicators
asto thedirection of associations between pretreatment attrition
and formal withdrawal during treatment and demographic
variables, the null hypothesis for al associations shall be
assumed.
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Methods

Procedure

The Anxiety Online (now called Mental Health Online) platform
consists of 4 centers: psychoeducational, assessment, treatment,
and training. The psychoeducational center is a website that
provides psychoeducational information about prevalence,
symptoms, and treatments of anxiety disorders as well aslinks
to useful resources. The assessment center contains the
electronic psychol ogical assessment screening system (e-PASS).
The treatment center provides and manages the 5 anxiety
treatment programs. Thetraining center providesthe eTherapist
training programs and a health care practitioner portal. The
online psychological assessment and referral program, e-PASS,
includes a variety of demographic and personal questions,
including the Kessler-6 measure of psychologica distress, as
well as the online diagnostic program. Individuals can access
the Anxiety Online service from anywherein theworld provided
they have an Internet connection. People complete the e-PASS
if they want a psychological assessment and/or if they are
interested in onlinetreatment. Based on an individua’sresponse
to some of the e-PASS questions, a person may be given a
primary diagnosis and/or multiple secondary diagnoses. Those
adults (18 years old or older) diagnosed with panic disorder,
social anxiety disorder, generalized anxiety disorder,
posttraumatic stress disorder, or obsessive-compul sive disorder
are offered a12-week self-guided or therapi st-assisted treatment
program (the therapist-assisted program is only available to
Australian residents). To accommodate a formal withdrawal
during treatment, an opt-out button within each account is
provided. When this button is pressed, participants are asked
whether they would like to complete the exit survey (8 questions

http://www.jmir.org/2014/6/e152/
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about why they are withdrawing). Following the 12-week
treatment cycle, patients are asked to complete e-PASS again.
The posttreatment questions are essentialy the same as the
pretreatment questions. Patients are al so encouraged to compl ete
e-PASS at yearly intervals for 5 years following treatment
program cycle completion (see [14] for more details). Those
who wanted to undertake the e-PASS were first required to
register and consent to the Anxiety Onlinetermsand conditions
[32]. The proceduresfor collecting and reporting of the Anxiety
Online datawere approved by the Swinburne University Human
Research Ethics Committee. From the time of its launch to the
publicin October 2009 until January 2012, the e-PASS program
had been accessed by 10,745 people.

Online Questions/Questionnaire: Self-Report

AsshowninMultimediaAppendix 1, atotal of 24 demographic
and personal questions and 2 items that screen for suicide risk
and psychosis made up the questionnaire that preceded the
online diagnostic program. After completing the questionnaire,
the person then completed the online diagnostic program, which
consisted of many questions and measures, including the
commonly used Kessler-6[33] for clinical assessment of mental
health.

The Kesdler-6 consists of 6 items measured on a 5-point Likert
scale, measuring nonspecific psychological distress over the
past 30 days. Normative data indicate that 71.7% of the
population report low distress scores of 6-11, 16.6% of the
population report moderate distress scores of 12-15, 7.16% of
the population report high distress scores of 16-19, whereas
2.5% of the popul ation report very high distress scores of 20-30
[33,34].
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Participants

Asshown in Figure 2, atotal of 10,745 individuals completed
the pretreatment assessment phase between October 2009 and
January 2012. Some of those individuals were younger than 18
years (n=202) and some were professionals (n=45) who were
exploring the assessment instrument. These 247 individuals
were removed from the data leaving 10,498 valid completers
of the e-PASS program. In addition, 249 individuals did not
receive an e-PASS diagnosis and another 855 individuals who
did not receive a diagnosis of any anxiety disorders were also
removed from the dataset. This left 4771 (50.79%) with a
primary diagnosis and 4623 (49.21%) with a secondary
diagnosis of at least one of the anxiety disorders, for atotal of
9394 e-PASS completers. All 9394 were offered a treatment
program, although it was recommended that those with a
primary diagnosis other than anxiety should seek help elsawhere.
A total of 3880 (41.30%) individuals accepted and commenced
a 12-week online treatment cycle, including 105 patients who
selected the therapist-assisted path; 5514 individuals did not
accept the offer of an anxiety treatment program. Of those who
commenced treatment, 2321 (59.82%) had one of the anxiety
disorders as their primary diagnosis, whereas 1559 (40.18%)
had at least one anxiety disorder as their secondary diagnosis.
Of those who did not commence treatment, 2450 (44.43%) had
one of theanxiety disordersastheir primary diagnosis, whereas

http://www.jmir.org/2014/6/e152/
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3064 (55.57%) had at least one anxiety disorder as their
secondary diagnosis. Thefirst part of the analysisin this study
investigates the differences between the treatment commencers
and those who choose not to start 1 of the 5 anxiety disorder
treatment programs in terms of the pretreatment assessment
variables described in Multimedia Appendix 1.

We considered treatment nonacceptance as pretreatment attrition
inthisstudy. At thetime of analysis, therewere 539 individuals
still undergoing treatment; therefore, 3341 individuals either
had or had not formally withdrawn from the 12-week treatment
cycle. A total of 3199 individuals did not formally withdraw
from their treatment program cycle, whereas 142 individuas
formally withdrew during their treatment program cycle. Those
who did not formally withdraw from the treatment cycle
consisted of 1005 (31.42%) males aged between 18 and 78 years
with amean age of 38.43 (SD 12.23) years, and 2194 (68.58%)
femal es aged between 18 and 81 yearswith amean age of 35.81
(SD 11.87) years. The second part of the analysis investigates
the differences between those who did not formally withdraw
during treatment in comparison to those who did formally
withdraw on the basis of pretreatment assessment measures.
We defined the formal withdrawal during treatment rate as the
proportion of individuals who formally withdrew from their
treatment cycle relative to the total number of individuals who
commenced the treatment program cycle.
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Figure 2. Recruitment and enrollment rate of participants to Anxiety Online (AO) website.

Analysis

The same method of analysis was used for analyzing
pretreatment attrition and formal withdrawal during treatment.
The initid univariate analyses used chi-square tests of
association to determine which of the previously described
variables have a significant relationship with attrition. A
multivariate analysiswas used to confirm the univariate results.
Multivariate binary logistic regression analyses were performed
with a forward selection approach used to identify the most
important predictor variables. The fina model, using only the
most important predictor variables, was evaluated using a
Hosmer-Lemeshow test. All analyses were conducted using
SPSS version 20 (IBM Corp, Armonk, NY, USA).
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Results

Pretreatment Attrition (Profile of Treatment
Commencers)

In this study, there were 9394 individuals with a valid
pretreatment e-PASS assessment who were offered a 12-week
Anxiety Online treatment program. Only 3880 of these
individuals actually commenced a treatment cycle, whereas
5514 individual s chose not to participatein any of the 5 Anxiety
Online treatment programs, yielding a pretreatment attrition
rate of 58.70% and a commencement rate of 41.30%.

Asshownin Table 1, the chi-square tests of association showed
22 e-PASS pretreatment assessment variableswere significantly
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associated with program commencement. Those who accepted
and commenced treatment tended to differ from those who did
not accept to enroll in the treatment program in several ways.
On average, it was more likely that the treatment commencers
had heard about the program through traditional media rather
than the Internet; were seeking online assistance with the
primary goal of finding a self-help program; were willing to
provide consumer feedback; were married; were living in
metropolitan areas;, were employed full-time; had completed
grade 12 schooling; were postgraduates; were nonsmokers;
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thought that they had adequate social support; rated their
self-confidence as good; rated their quality of life asgood; were
prepared to take action or werein the process of making changes
to deal with their mental health issues; said that they learn by
reading; had lower pretreatment Kessler-6 scores; were slightly
older; and had expressed concerns about their anxiety symptoms,
but not about depression, eating disorders, or acohol and
substance abuse. This last characteristic is to be expected
becauseindividualswith aprimary diagnosis other than anxiety
were advised to seek treatment elsewhere.
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Table 1. Predictor analysisfor attrition categories for those who commenced treatment vs those who did not commence treatment (N=9394).

Variables Attrition categories Test of association
Did not commencetreat- Commenced treatment
ment (n=5514) (n=3880) X2 (df) Fiosz P
How did you hear about us?, n (%) 134.4 (4) .001
Internet 2712 (49.18) 1694 (43.66)
Health professional 781 (14.16) 573 (14.77)
Friend/family 530 (9.61) 272 (7.01)
Media 768 (13.93) 878 (22.63)
Other 723 (13.11) 463 (11.93)
Reason for seeking online assistance, n (%) 657.8 (1) .001
To complete one of the self-help programs 1694 (30.72) 2220 (57.22)
Join research registry (yes), n (%) 1686 (30.58) 1270 (32.73) 41 (1) .04
Provide consumer feedback (yes), n (%) 2444 (44.32) 1932 (49.79) 22.8(1) .001
Gender, n (%) 13.8 (1) .001
Male 1555 (28.20) 1232 (31.75)
Female 3959 (71.80) 2648 (68.25)
Relationship status, n (%) 62.6 (6) .001
Married 1599 (29.00) 1389 (35.80)
Single 1693 (30.70) 1114 (28.71)
Cohabiting 1073 (19.46) 716 (18.45)
Not living together 669 (12.13) 375 (9.66)
Separated/divorced 351 (6.37) 217 (5.59)
Widowed 21(0.39) 23(0.59)
Other 108 (1.96) 46 (1.19)
Setting, n (%) 283(3) .001
Metropolitan 3335 (60.48) 2553 (65.80)
Regional 1485 (26.93) 895 (23.07)
Rural 630 (11.43) 398 (10.26)
Remote 64 (1.16) 34 (0.88)
Employment status, n (%) 19.4 (6) .004
Employed full-time 2121 (38.47) 1611 (41.52)
Employed part-time 1359 (24.65) 930 (23.97)
Home duties 430 (7.80) 280 (7.22)
Disability support 223 (4.04) 142 (3.66)
Unemployed 664 (12.04) 396 (10.21)
Retired 106 (1.92) 101 (2.60)
Other 611 (11.08) 420 (10.82)
Highest level of schooling, n (%) 32.8(5) .001
None 66 (1.20) 37 (0.95)
Primary school 53 (0.96) 24 (0.62)
Secondary (grade 9) 157 (2.85) 98 (2.53)
Secondary (grade 10) 534 (9.68) 343 (8.84)
Secondary (grade 11) 490 (8.89) 243 (6.26)
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Variables Attrition categories Test of association
Did not commencetreat- Commenced treatment
ment (n=5514) (n=3880) X2 (df) Fio32 P
Secondary (grade 12) 4214 (76.42) 3135 (80.80)
Postsecondary, n (%) 144.0 (6) .001
None 855 (15.51) 492 (12.68)
Apprenticeship/trade 278 (5.04) 155 (3.99)
Certificate 754 (13.67) 387 (9.97)
Diploma 633 (11.48) 395 (10.18)
Undergraduate 869 (15.76) 492 (12.68)
Postgraduate 826 (14.98) 840 (21.65)
Other 1299 (23.56) 1119 (28.84)
Mental health concern, n (%) 314.2 (6) .001
None 73(1.32) 33(0.85)
Anxiety 3445 (62.48) 3040 (78.35)
Stress 465 (8.43) 246 (6.34)
Depression 885 (16.05) 362 (9.33)
Substance abuse/alcohol 74 (1.34) 19 (0.49)
Eating 378 (6.86) 75 (1.93)
Other 194 (3.52) 105 (2.71)
Currently receiving mental health assistance (yes), 2121 (38.47) 1415 (36.47) 391 .05
n (%)
Number of doctor visits, n (%) 125(2) .002
None 2310 (41.89) 1690 (43.56)
1-2 visits 2416 (43.82) 1732 (44.64)
3 or more 788 (14.29) 458 (11.80)
Do you smoke? (yes), n (%) 1300 (23.58) 632 (16.29) 74.0 (1) .001
Social support (yes), n (%) 2312 (41.93) 1775 (45.75) 13.5 (1) .001
Self-confidence, n (%) 37.6(4) .001
Very poor 511 (9.27) 264 (6.80)
Poor 1577 (28.60) 997 (25.70)
Neither 1990 (36.09) 1460 (37.63)
Good 1239 (22.47) 1008 (25.98)
Very good 197 (3.57) 151 (3.89)
Quiality of life, n (%) 28.7 (4) .001
Very poor 215 (3.90) 126 (3.25)
Poor 1019 (18.48) 592 (15.26)
Neither 1653 (29.98) 1123 (28.94)
Good 2213 (40.13) 1705 (43.94)
Very good 414 (7.51) 334 (8.61)
Making changes, n (%) 84.9 (4) .001
Not interested 79 (1.43) 23 (0.59)
Neither 533 (9.67) 199 (5.13)
Prepared to take action 2808 (50.92) 2089 (53.84)
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Variables Attrition categories

Did not commence treat-

Test of association

Commenced treatment

ment (n=5514) (n=3880) X2 (df) Fio32 P

In process of making changes 1440 (26.12) 1118 (28.81)

Relapse 654 (11.86) 451 (11.62)
How do you best learn?, n (%) 31.1(3) .001

Hearing 361 (6.55) 222 (5.72)

Reading 1371 (24.86) 1164 (30.00)

Looking 1065 (19.31) 707 (18.22)

Doing 2717 (49.27) 1787 (46.06)
Pre-Kesdler-6 (total score), mean (SD) 18.35(4.73) 16.89 (4.84) 212.86 .001
Age (years), mean (SD) 34.23 (11.90) 36.43 (12.07) 77.30 .001

As shown in Table 2, the final binary logistic regression with
forward selection of predictors for pretreatment attrition
contained 10 significant predictors. The Hosmer-Lemeshow
goodness-of-fit test indicated an adequate model fit. When
statistically controlling for the other variablesin the model, we
found significant odds ratios for the predictors reason, mental
health concerns, postsecondary education, where first heard
about Anxiety Online, pre-Kesser-6 score, stage of change,
quality of life, relationship status, preferred method of learning,
and smoking. We should note here that the same 10 predictors
were a so found to be significantly associated with pretreatment
attrition using chi-square tests as shown in Table 1.

The odds ratios for enrolling in an Anxiety Online treatment
program cycle in order of significance were: 2.9 times higher
for individuals who gave “seeking to use one of the online
self-help programs’ asareason for joining the program rel ative
to all other reasons; 0.7 times as great for those who expressed
concerns about eating and weight issues as for those who
reported “none” for concerns; 1.29 times higher for those who

http://www.jmir.org/2014/6/e152/

completed undergraduate degrees and 0.81 times as great for
those who hold other certificates as for those who reported
having no postsecondary education; 1.35 times higher for those
who heard about Anxiety Online from the traditional media
relative to all other sources that are not listed in Table 3; 3%
reduction in likelihood for each additiona point an individual
scored on the Kessler-6 total score; 2.16, 2.21, and 2.29 times
higher for those who were prepared to make changes, reporting
that they were already making changes, and who reported being
in relapse and seeking further assistance, respectively, relative
to those who were disinterested or indifferent; 1.92, 1.35, and
1.26 times higher for those who rated their quality of life as
very poor, poor, and neither poor or good, respectively, relative
to those who gave a rating of very good; 1.55 and 1.53 times
higher for married and single individuals, respectively, relative
to those reporting some other relationship status not listed in
Table 3; 1.18 times higher for those indicating that they learn
best by reading relative to those who said they learn best by
doing; and finally, 1.19 times higher for those who identified
themselves as nonsmokers relative to smokers.
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Table 2. Binary logistic regression model for pretreatment attrition.

Variables Wald df P OR 95% ClI
Heard (reference group: other sources) 34.59 4 .001
Surfing the net 0.07 1 .79 0.98 0.85-1.13
Health professional 0.08 1 .78 1.03 0.86-1.22
Friend or family 3.48 1 .06 0.83 0.67-1.01
Media 12.65 1 .001 1.35 1.14-1.59
Reason (online self-hel p)(reference group: other reasons) 514.46 1 .001 2.90 2.65-3.18
Relationship status (reference group: other relationship status) 15.27 6 .02
Married 4,94 1 .03 1.55 1.05-2.27
Single 4.65 1 .03 153 1.04-2.25
Cohabiting 313 1 .08 1.42 0.96-2.10
Not living together 1.07 1 .30 124 0.83-1.84
Separated/divorce and not in relationship 152 1 22 1.30 0.86-1.97
Widowed and not in relationship 3.00 1 .08 191 0.92-3.95
Postsecondary education (reference group: none) 43.14 6 .001
Apprenticeship/trade certificate 2.28 1 13 0.83 0.65-1.06
Other certificates 5.45 1 .02 0.81 0.68-0.97
Diploma 0.39 1 .53 0.94 0.79-1.13
Current undergraduate 0.28 1 .60 0.96 0.80-1.13
Completed undergraduate 9.47 1 .002 129 1.10-1.52
Postgraduate degree 3.74 1 .05 1.16 1.00-1.348
Mental health concerns (reference group: none) 201.96 6 .001
Anxiety 1.92 1 A7 1.37 0.88-2.14
Stress 0.44 1 51 0.85 0.53-1.37
Depression 115 1 .28 0.78 0.49-1.23
Substance/al cohol abuse 3.68 1 .06 0.51 0.26-1.02
Eating/weight issues 21.30 1 .001 0.30 0.18-0.50
Other 011 1 75 1.09 0.65-1.82
Smoke (nonsmoking) (reference group: smoking) 8.47 1 .004 119 1.06-1.34
Quality of life (reference group: very good) 21.72 4 .001
Very poor 16.64 1 .001 1.92 1.40-2.63
Poor 747 1 .006 1.35 1.09-1.67
Neither poor or good 5.83 1 .02 1.26 1.05-1.52
Good 1.20 1 .27 1.10 0.93-1.31
Making changes (reference group: disinterested or indifferent) 22.89 4 .001
Neither here nor there 2.66 1 .10 1.55 0.92-2.62
Prepared to take action 9.02 1 .003 2.16 1.31-3.58
Already in the process of making changes 9.36 1 .002 221 1.33-3.67
Relapsed and looking for additional assistance 9.79 1 .002 2.29 1.36-3.85
L earning (reference group: doing) 10.35 3 .02
By hearing 0.12 1 .73 0.97 0.80-1.17
By reading 9.36 1 .002 1.18 1.06-1.34
By looking/watching 0.87 1 .35 1.06 0.94-1.20
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Variables Wald df P OR 95% ClI
Pre-Kessler-6 30.01 1 .001 0.97 0.95-0.98
Constant 10.35 1 .001 0.29
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Table 3. Predictor analysisfor categories for formal treatment cycle withdrawal.

Variables Categories Test of association
Not formally withdrawn ~ Formal treatment
from treatment (n=3199)  dropouts (n=142) X2 (df) Fi3se P

How did you hear about us?, n (%) 9.4 (4) .05

Internet 1344 (42.01) 71 (50.0)

Heath professional 475 (14.85) 19 (13.4)

Friend/family 227 (7.10) 15 (10.6)

Media 761 (23.79) 28(19.7)

Other 392 (12.25) 9(6.3)
Reason for seeking online assistance 1.8(1) .19
Join research registry 0.0(2) 91
Provide consumer feedback 09(1) .63
Gender 0.1(2) .78
Relationship status 0.7 (3) .87
Setting 51(2) .08
Employment status 4.3 (3) .23
Highest level of schooling 05(3) 91
Postsecondary 2.2 (6) .90
Mental health concern, n (%) 11.7 (3) .009

Anxiety 2510 (78.46) 103 (72.5)

Stress 204 (6.38) 8(5.6)

Depression 302 (9.44) 13(9.2)

Other 183 (5.72) 18 (12.7)
Currently receiving mental health assistance 0.1(2) .82
Have you accessed mental health in last 12 months 0.3(12) .61
Have you ever accessed mental health 0.0(2) .85
Any diagnosed physical health condition 0.1(2) .80
Doctor visit 0.2(2) .89
Do you smoke? 0.1(1) .79
Do you drink alcohol? 22(1) 14
Adequate social support (yes), n (%) 1482 (46.33) 54 (38.0) 3.8(1) .05
Self-confidence 22(4) 71
Quality of life 45(3) 22
Making changes (change), n (%) 89(3) .03

Not matter 171 (5.35) 15 (10.6)

Prepared 1722 (53.83) 73 (51.4)

Already 936 (29.26) 34(23.9)

relapse 370 (11.57) 20 (14.1)
How do you best learn? 1.3(3) 73
Ageinyears 0.04 .84
Kessler-6 (total scores) 0.01 .92
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Formal Withdrawal During Treatment (Predictor s of
Formal Dropouts)

There were 3880 individuals who commenced a 12-week
Anxiety Online treatment program cycle. The number of
individuals still undergoing treatment at thetime of thisanalysis
was 539; therefore, 3341 individuals were included in the
analysis. A total of 142 individuals formally withdrew from
their Anxiety Online treatment program cycle; therefore, 3199
individua sdid not formally withdraw and potentially completed
some or all of a12-week treatment program cycle. The formal
withdrawal during treatment rate was defined as the number of
individualswho formally withdrew from their treatment program
cycle in relation to the total number of individuals who
commenced treatment. The formal withdrawal during treatment
rate was 4.25% (142/3341) with 95.75% (3199/3341) not
formally withdrawing during treatment. It is important to note
that this rate is an underestimate of the true attrition because it
relies exclusively on those who formally withdrew from the
treatment program.

Asshownin Table 3, the chi-square tests of association showed
2 pretreatment variables, mental health concerns and stages of
change, were significantly associated with those who formally
dropped out of treatment. Those who formally withdrew from
the Anxiety Online treatment program cycle were, on average,
less likely to express concern about anxiety and were less
prepared to make changes in their lives to dea with their
conditions than those who did not formally withdraw from
treatment.

Table 4. Binary logistic regression model for formal treatment withdrawal .

AL-Asadi et d

To simplify the interpretation of the odds ratios, we have
reported the odds for not formally withdrawing from the
treatment program. Asshown in Table 4, thefinal binary logistic
regression with forward selection of predictorsfor not formally
dropping out of the treatment program contained 4 significant
predictors. When statistically controlling for the other variables
inthe model, wefound significant oddsratiosfor the predictors
mental health concerns, adequate social support, quality of life,
and stages of change. The Hosmer-L emeshow goodness-of -fit
test indicated an adequate model fit.

The odds of not formally dropping out of the Anxiety Online
treatment program cycle in order of significance were: 2.34,
2.59, and 2.30 times higher for those who expressed concerns
over anxiety, stress, and depression, respectively, relative to
those who expressed concerns over other mental health issues;
2.62, 2.13, and 1.87 times higher for those who rated their
quality of lifeasvery poor/poor, neither poor or good, and good
relative to those who gave a rating of very good; 1.70 times
higher for those who reported having adequate level of social
support; and 1.96 and 2.32 times for those who were prepared
to make changes and those reporting that they were already
making changes, respectively, relative to those who were
disinterested or indifferent. Conversely, these odds ratios suggest
that in general the likelihood of formally withdrawing from the
treatment programs decreased for those who expressed concerns
over anxiety, stress, and depression; viewed their quality of life
as very poor/poor, neither good or poor, and good; reported
adequate level of social support; and were already making
changes or prepared to make changes.

Variables Wald df P OR 95% ClI
Mental health concern (reference group: other) 10.28 3 .02
Anxiety 9.83 1 .002 234 1.38-3.98
Stress 4.65 1 .03 2.59 1.09-6.13
Depression 4.75 1 .03 2.30 1.09-4.86
Social support (adequate)(reference group: not adequate)  7.38 1 .007 170 1.16-2.49
Quality of life (reference group: very good) 8.38 3 04
Very poor and poor 7.74 1 .005 2.62 1.33-5.15
Neither poor or good 6.02 1 .01 213 1.16-3.89
Good 4,98 1 .03 1.87 1.08-3.24
Making changes (reference group: disinterested or in-  7.66 3 .05
different)
Prepared to take action 5.07 1 .02 1.96 1.09-3.53
Already making changes 6.70 1 .01 2.32 1.23-4.38
Relapsed and looking for additional assistance 1.33 1 .25 151 0.75-3.05
Constant 3.58 1 .06 2.28
Discussion formally withdrew from their 12-week Anxiety Onlinetreatment

In this study, pretreatment attrition was defined as not accepting
1 of 5 Anxiety Online treatment programs, whereas formal
withdrawal during treatment was defined simply as those who

http://www.jmir.org/2014/6/e152/

program cycle. The purpose of this study was to identify
predictors of pretreatment attrition and predictors of those who
formally withdrew or, conversely, those who did not formally
withdraw from the treatment program cycle.
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Theresults showed that the Anxiety Online program was found
to have a pretreatment attrition rate of 58.7%. There are few
studies that have reported pretreatment attrition for online or
face-to-face treatment. Only 1 study reported a higher
pretreatment attrition rate of 85% for individuals with social
anxiety [31], whereas 2 studies reported approximately half the
pretreatment attrition value of this study: Richards and Borglin
[30] for a study on anxiety and depression reported a
pretreatment attrition of 27% and Issakidis and Andrews [23]
for astudy on anxiety disordersreported a pretreatment attrition
of 30.4%. Our higher pretreatment attrition may be because of
the fact that Anxiety Online is an e-mental health service,
whereas the other 2 studies were face-to-face clinic-based
services. Thisis not surprising because public e-mental health
treatment services tend to have higher treatment attrition rates
[16-18].

The Anxiety Online treatment programs were found to have a
during-treatment formal withdrawal rate of 4.3% (defined by
those participants who formally dropped out of aprogram after
commencement). This low rate could be related to our
too-inclusive approach. The fact that we used those who did
not formally withdraw during the 12-week treatment cycle may
account for this low attrition rate. We do not have the data to
show whether or not those who did not formally withdraw
accessed al 12 modules, but we do know that they did not
formally withdraw during the 12-week treatment cycle. It is
possible that al patients who did not formally withdraw
completed all 12 treatment modules, but it is equally possible
that they did not work through all the modules. Therefore,
further studies on the Anxiety Online data are required when
module completion data becomes available. It should be
emphasized that the diversity of attrition definitionsin general
and the approach we used in this work make any comparison
of attrition rates problematic.

In thisstudy, 24 demographic variables and one clinical measure
of psychological distress were used to predict pretreatment
attrition variables and forma withdrawal from treatment
variables. Chi-square tests of association and binary logistic
regression were used to relate these variables to pretreatment
and during-treatment formal withdrawal. Results showed that
the likelihood of enrolling in one of the Anxiety Online
treatment programs increased for those who were seeking to
use one of the self-help treatment programs, had an
undergraduate degree; heard about the program via traditional
media sources; were prepared to make changes, already making
changes, or in relapse and looking for additional assistance;
rated their quality of life as very poor, poor, or neutral rather
than very good; married or single; reported learning best by
reading; and those who identified themselves as nonsmokers.
In general, these results should be expected. People who are
seeking online self-help are likely to accept online treatment.
If we extend the recent findings by Dahlstrom [35] and Edwards
[36] that most undergraduates are comfortable with various
communication technologies and favor the use of virtual
communication in their education, then it is not surprising that
the probability of enrolling in the online treatment program was
greater for those who held undergraduate degrees; those who
hold undergraduate degrees are likely to be more familiar and
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comfortable with the technology. It is not surprising that
individuals who are prepared to or are making changes would
enroll in treatment programs. The | ess people thought that their
quality of life was good, the more likely they were to accept
treatment. People who think they have a very good quality of
life, regardless of mental health concerns, perhaps do not believe
that treatment would further improve their lives. Because the
Anxiety Online service is online and largely text-based, it is
logical to find that the probability of enrolling in a treatment
program increases for those who learn best by reading.

The odds of enrolling in the treatment program decreased for
those who expressed concerns over eating and weight issues,
probably because individuals with these problems presenting
astheir primary disorder were advised to find help elsewhere.
Finally, those who reported greater psychological distress as
measured by the Kessler-6 were less likely to accept the offer
to enroll in the treatment program, probably because patients
with higher scores may have felt too overwhelmed to commence
treatment at this stage and may have opted for face-to-face
treatment instead. Finally, it should be noted that some people
who completed the e-PASS measures were not interested or
ready to start treatment; rather, they just wanted an assessment.

On the other hand, results showed that the odds of formally
withdrawing from treatment increased for those who did not
express concerns about anxiety, stress, and depression; decreased
for those who rated their quality of life asless than very good;
decreased for those who reported having an adequate level of
socia support; and decreased for those who were prepared to
make changes or were already making changesto improvetheir
mental health. Participants who commenced the online anxiety
treatment cycle would have received one of the anxiety disorder
diagnoses as either aprimary or secondary diagnosis. As such,
it makes sense that those who expressed concerns about
symptoms (anxiety, stress, and depression) that were congruent
with their diagnoses would more likely not formally withdraw
from the treatment cycle than those who expressed concerns
about other issuesthat were not congruent with their diagnoses.
That is, those who were less concerned about symptoms of
anxiety, stress, and depression were more likely to formally
drop out. Individual swho reported adequate social support were
morelikely not to formally withdraw from the program, perhaps
because their socia support resources provided a good safety
net during times of stress. Moreover, such people may be more
likely to have a positive outlook on life and perhaps greater
potential for change.

As was the case in the pretreatment attrition predictors,
individuals who perceived their quality of life aslessthan very
good and who werewilling or in the process of making changes
weremorelikely not to formally withdraw from their treatment
cycle. Individualswho reported avery good quality of lifewere
more likely to formally withdraw from treatment. This is
probably because participants who perceived their quality of
life as very good were unlikely to think that treatment could
further improve the quality of their lives. Finally, part of any
treatment program is to make changes in one's life; therefore,
it is understandable why those who were not in the process of
making or were unprepared to make changes were more likely
to formally withdraw from their treatment program cycle.
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Comparison of attrition rates between studies is problematic
for 3 reasons. Firstly, definitions of attrition vary between
studies. For example, the definition of treatment attrition in the
literature varies from dropping out after one treatment session
to dropping out after several treatment sessions or, as in this
study, to those who formally withdraw during treatment.
Although it seems logica to define attrition as simply
noncompl eters of atreatment program regardless of the number
of treatment modules (or sessions in some studies) attended, it
is often the case that only a few participants complete all
treatment modules or drop out without formally withdrawing
from treatment and, therefore, it becomes desirable to include
individuals who attend at least most modules in the completers
group. Moreover, some people may not need to complete all
the modules to acquire what they need to improve [37,38].
Secondly, the studies being compared may involve very different
treatments with very different durations of intervention. For
these reasons, comparisons with existing studies should be
approached with caution. The third problem with comparisons
of attrition studies relates to the paucity of such studies that
explain how attrition relates to demographic and treatment
factors.

Comparing the predictor variables found in this study with
previous findings is difficult because of the lack of studies on
predictors of pretreatment and formal withdrawal, during
treatment especially for online therapy, and the lack of
consensus regarding predictors of attrition. However, in general
our results are in agreement with Issakidid and Andrews [23]
infinding significant relationshi ps between pretreatment attrition
and severity of symptoms. In relation to formal treatment
withdrawal, sex, age, income, educational level, and comorbidity
were not found to be significant predictors of formal withdrawal
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during treatment, which is contrary to the findings of several
studies [22-26]. But these studies were conducted on clinical
samples receiving clinic-based face-to-face treatment rather
than e-mental health treatments and did not use our formal
withdrawal from treatment approach. Also, perhaps our group
of participantsis more homogeneousin that the group isaready
biased by virtue of selecting to engage in online therapy and
thegroupislikely to sharethe cluster of anxiety disorders. That
is, a group of this kind has more characteristics in common.
Consequently, formally dropping out of the treatment program
cycle by such agroup may depend largely on only transient and
controllable attributes such as concern, or lack of concern, over
anxiety and depression, perception of quality of life, and
readiness, or lack of, to make changes, and characteristics of
the surroundings such as the availability of adequate socia
support, rather than more permanent and less controllable
attributes.

Future research should examine the difference between the
characteristics of those who select online therapy and those who
prefer the more traditional method of face-to-face treatment. It
islikely that as a group, those who are more comfortable with
the technology and seek to do things online differ from those
who arelessinclined to embrace technology on many attributes.
Future research should also examine the demographic profiles
of these 2 groups.

The lack of research and the inconsistent results on attrition
predictor variablesis primarily because of therecency of online
therapy, the diversity of definitions of attrition, and theinclusion
or exclusion of alarge number of potential predictor variables.
Inthefuture and with theincreasein e-mental health treatment,
more research on attrition and predictors of attrition specific to
online therapy is required.
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Abstract

Background: Older people suffering from frailty often receive fragmented chronic care from multiple professionals. According
to the literature, thereis an urgent need for coordination of care.

Objective: The objective of this study was to investigate the effectiveness of an online health community (OHC) intervention
for older people with frailty aimed at facilitating multidisciplinary communication.

Methods: The design was a controlled before-after study with 12 months follow-up in 11 family practices in the eastern part
of the Netherlands. Participants consisted of frail older people living in the community requiring multidisciplinary (long-term)
care. The intervention used was the health and welfare portal (ZWIP): an OHC for frail elderly patients, their informal caregivers
and professionals. ZWIP contains a secure messaging system supplemented by a shared electronic health record. Primary outcomes
were scores on the Instrumental Activities of Daily Living scale (IADL), mental health, and social activity limitations.

Results:  There were 290 patients in the intervention group and 392 in the control group. Of these, 76/290 (26.2%) in the
intervention group actively used ZWIP. After 12 months follow-up, we observed no significant improvement on primary patient
outcomes. ADL improved in the intervention group with a standardized score of 0.21 (P=.27); IADL improved with 0.50 points,
P=.64.

Conclusions: Only a small percentage of frail elderly people in the study intensively used ZWIP, our newly developed and
innovative eHealth tool. The use of this OHC did not significantly improve patient outcomes. This was most likely due to the
limited use of the OHC, and arelatively short follow-up time. Increasing actual use of eHealth intervention seems a precondition
for large-scale evaluation, and earlier adoption before frailty develops may improve later use and effectiveness of ZWIP.

(J Med I nternet Res 2014;16(6):€156) doi:10.2196/jmir.3057

KEYWORDS
eHealth; frail elderly; care coordination; chronic care

: to the same patient [1]. Such professionals include home care
Introduction professionals, general practitioners (GPs), clinicians,
Chronic care for frail older people is fragmented, with Physiotherapists and case managers dedicated tolong-term care
involvement from a large and constantly changing group of of the pz_an_e_ntsmth_e commum'Fy. Frail elderly qften suffer from
professionalswho are frequently unaware that they provide care comorbidities, which results in care by multiple health care
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professionals [2]. Therefore lack of communication between
professional s leads to a fragmented and ineffective health care
delivery for frail elderly [3]. To reduce fragmentation and
promote continuity of care, better coordination and
communication between professionals and with patients is
necessary. Online health communities (OHCs) have been
recognized as an effective mechanism for supporting continuous
carefor frail older people[4], alowing better coordination and
more efficient communication with patients and among
professionals. OHCs consist of Internet-based platforms that
unite groups of individual swith ashared goal or similar interest,
including both professionalsand patients[5]. The main strength
of OHCsisthat they allow communication between people who
would not have met each other otherwise [5]. Thus, OHCs are
particularly suited for improving the coordination of care for
frail elderly who have multiple professional caregivers. For this
purpose, we developed and evaluated the Health and Welfare
Information Portal (Zorg en WelzijnsInformatie Portaal, ZWIP,
in Dutch) [1,6] on its effectiveness.

Figurel. A conceptual model of the ZWIP.

Electronic Medical
Record

Makai et al

Methods

Intervention

ZWIPisan OHC [5] that aims to facilitate communication for
patients, their informal caregivers, and their professionals. ZWIP
contains a secure messaging system supplemented by a shared
electronic health record. All messages shared in a patient’s
ZWIP arevisiblefor all users, thus stimulating involvement of
and discussion between patients and a team of hedth
professionals. All informa caregivers and hedth care
professionals have access to the electronic health record. To
ensure confidentiaity, professionals can participatein apatient’s
personal care network in ZWIP only at the invitation of the
patient. Patients who were not able to manage their own ZWIP
account could appoint an informal caregiver to act on their
behalf. Figure 1 demonstrates the conceptual model underlying
ZWIP, and the video in Multimedia Appendix 1 illustrates the
use of ZWIP by a patient and an informal caregiver.
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Development and | mplementation

The development of ZWIP and the process of implementation
have been described elsewhere [1,6]. In brief, ZWIP was
developed using intervention mapping [ 7], astepwise approach
for the systematic development of interventions informed by
both evidence and theory [1]. Main steps of intervention
mapping for ZWIP were (1) needs assessment in frail elderly,
(2) developing program objectives, (3) selecting theory informed
intervention methods and strategies, (4) creating and pilot testing

http://www.jmir.org/2014/6/e156/
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program components, (5) planning program adoption and
implementation, and (6) planning for evaluation [1].
Theoretically, ZWIP was based on socia cognitive theory [8],
with special attention paid to improving self-efficacy, the belief
people have in their ability to complete tasks and achieve
specific goals[9]. Following the steps of intervention mapping
and as suggested in the guideline on devel opment and evaluation
of complex interventions [8], the ZWIP was piloted by 2 frail
elderly and 7 professionals, including one GP. Furthermore,

JMed Internet Res 2014 | vol. 16 | iss. 6 | €156 | p.95
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

newly developed elements of ZWIP were regularly piloted by
similar user panels.

To enhance implementation of the ZWIP, we used severd
strategies for professionals such as a continuing medical
education (CME) accredited education program based on active
learning theory [10], direct experience, and modeling [1].
Additionally, drawing from organization theory, we installed a
telephonic helpdesk and provided e-coaching and financial
compensation to support the uptake of ZWIP by professionals
[7,11]. To facilitate the use of ZWIP among elderly patients, a
number of approaches were used: flyerswere distributed in the
primary care centers, ahard-copy version of ZWIP was provided
in order for patients to familiarize themselves with ZWIP,
coaching on the use of ZWIP was made available, involvement
of informal caregivers was encouraged, and the GPs actively
advocated the use of ZWIP, thus drawing on modeling, guided
practice, and tailoring support for use of the intervention [1,6].
During theimplementation phase, we designated one key person
in each family practice who coordinated implementation
activities and helped colleagues with questions [6].

Inclusion and Design

Between July 2010 and July 2011, frail older patients were
included in an observational, controlled before-after study with
12 months follow-up to investigate ZWIP's effects on patient
outcomes. Participating primary care centers were recruited
from the university primary care network around the city of
Nijmegen, the Netherlands. These centers identified their frail
older people using the EASYcare Two-step Older person
Screening (TOS) instrument [12]. Therefore, both intervention
and control practices had to implement anidentification scheme
and redesign care for their frail elderly. Interventions centers
were selected based on willingness to participate in ZWIP,
whereas control practices were selected from a separate project:
the EASY care-TOS validation study [13]{ van Kempen, 2013
#7718} . Frail status as determined by the EASY care-TOS was
the only inclusion criterion for included patients. Patientsin the
intervention group patients needed to agree to the creation of a
ZWIP account. No exclusion criteria were specified.

All measurements were performed by trained nurses in the
patients homes, using a face-to-face questionnaire at baseline
and at follow-up. The study was exempt from ethics review by
the local ethics committee because of its observational nature
and nonintrusive data collection. Nevertheless, oral informed
consent was obtai ned to analyze the dataduring data coll ection.

Outcomes

Primary outcomes were Activities of Daily Living (ADL) as
measured by the Katz index [14], combined ADL and
Instrumental Activitiesof Daily Living (IADL) as measured by
the Katz-15, acombined measure of the ADL and Lawton-index
[14,15], SF-36 mental health and social activity limitation
dimensions[16]. The Katz index consists of yes or no responses
on ADL items such as bathing or dressing. ADL scores range
from 0-6 with higher scoresindicating higher dependency. The
Katz-15 consists of yesor no responses on ADL and additional
IADL items such as using the telephone and managing money
[14]. The Katz-15 scores range from 0-15 with higher scores
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indicating more limitations. Both scales are established in the
literature and have adequate reliability and validity [17]. The
SF-36 mental health dimension, consisting of the following
subscales: happy, calm, blue, down, nervous scoring from 0-5
with higher numbersindicating ahigher score. The scoreswere
summed into a summary score ranging from 0-100, with 100
indicating full mental health, and 0 low menta health [16]. To
assessdifferencesin social activity limitations, the socia activity
limitation item from the SF-36 was used [16]. This item
measuresthe frequency in which respondents experienced social
activity limitations due to health. The item used in this current
study is scored from O (none of thetime) to 5 (all of the time).
The various SF-36 subscales have excellent reliability and
validity [17]. Secondary outcomes were several self-devel oped
scales of patient satisfaction and GPs' subjective experience
with care coordination. Patient satisfaction items were scored
on a5-point Likert scale ranging from 1 (way too little or way
too much) to 5 (optimal), similar to this article [18]. GP
experience with coordination of care was scored between 1
(uncoordinated) to 10 (optimal coordination). Important
covariates were measured including afrailty index based on the
accumulation of deficits concept [19,20]. The frailty index is
the number of deficits present divided by atotal possible number
of deficits [2]. As such, the frailty index can account for all
kinds of health-related imbal ances between the intervention and
control group and provides an accurate measure of individuals
frailty.

Analysis

For comparing baseline characteristics, chi-square tests were
used to compare nominal variables, and t tests were used for
normally distributed continuous variables. Effects were
determined using linear mixed models within ahighly efficient
analysis of covariance (ANCOVA) framework [21] to allow
for clustering within a primary care center. Adjustments were
made for frailty status and centered baseline status of the
outcome variable and additional covariates with baseline
imbalance. All analyses were performed with SAS 9.2.

Results

Overall, 290/622 (46.6%) of al frail persons identified within
11 practices participated in the intervention group. From 6
practices 392 frail ol der people participated in the control group.
At 12-month follow-up, in the intervention group 179/290
(61.7% of original) patients provided data at follow-up, versus
270/392 (68.8% of origina) patients in the control group. At
baseline, participantsin the intervention group were morelikely
to have completed primary education only, have more informal
caregivers, and have higher complexity of care compared to the
participants in the control group. Further, participants in the
intervention groups a so had ahigher averagefrailty index score,
and GPs had lower experience with coordination of care (Table
1).

One quarter 45/117 (25%) of all patients in the intervention
group used ZWIP at least once a month during a period of 12
months. Controlling for frailty and other unbalanced baseline
characteristics, we found no significant differencesin primary
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patient outcomes (Table 2). Change in coordination of careas reported by GPsimproved in the control group.

Table 1. Demographic and care-related characteristics in the intervention and control group.

Demographic and care-related characteristics  Category Total  Intervention ZWIP, Control regular care,  p yg)ye?
n=179, n (%) n=270, n (%)
Sex, n (%) Female 284 117(65.4) 167 (61.8) 45
Age, mean (SD) 449 81.69 (5.38) 81.32 (5.72) 49
Education, n (%)
Primary or lessthan primary 67 30(19.1) 37(14.8) <.01
education
Secondary education 339 123 (76.5) 216 (82.1)
University/tertiary education 15 7(4.4) 8(3.1)
Marital status, n (%)
Married 196 80 (45.2) 116 (44.3) 43
Divorced 28 7(34) 21(7.4)
Widow/widower/partner de- 199 79 (44.3) 120 (44.1)
ceased
Unmarried 24 12 (6.7) 12 (4.2)
Informal caregiver, n (%) Available 253 147 (82.6) 106 (39.7) <.01?
Living independently, n (%) Yes 230  86(50.3) 144 (53.0) 46
Complexity of care, n (%)
One professional 63 12 (6.8) 51(18.7) <.01?
2 or 3 professionals 311 128 (71.9) 183 (67.4)
>3 professionals 74 38 (21.3) 36 (13.9)
Frailty index, mean (SD) 447 029 (0.07) 0.27 (0.07) .022
Multimorbidity, mean (SD) 447 1.70(1.22) 1.73(1.35) 78
GP experience with coordination of care
around the patient, mean (SD) 449 5.92 (2.36) 6.76 (3.45) <.01?

3-sided chi-square for discrete and t tests for continuous variables.
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Table 2. Changein outcomes by 12 months application of the ZWIP Web-based tool for patient-professional and interprofessional communication.

Variable Total Intervention ZWIP  Intervention ZWIP  Control baseline Control follow-up ~ Standardized differ- P value

baseline follow-up ence between study (mixed
groups model)
N mean (95% Cl) mean (95% Cl) mean (95% Cl) mean (95% Cl) mean, (95% ClI)

Katz ADL 442 1.09(0.91-1.27) 1.35(1.14-1.56) 0.85 (0.72-0.98) 1.02 (0.86-1.18) 0.21 (-0.17-0.59) 27

Katz-15 442 5.08 (4.73-5.44) 5.76 (5.32-6.21) 4.24 (3.92-4.57) 4.93 (4.58-5.28) 0.50 (-1.59-2.60) .64

SF-36 mental 440 76.30(74.32-78.28) 74.59 (72.83-76.36) 76.27 (74.77-77.77) 79.06 (77.36-80.75) -8.34 (-17.02-0.34) .06

health

SF-36 socia 436 1.44(1.23-1.64) 1.20 (1.01-1.39) 0.87 (0.73-1.01) 0.93 (0.79-1.08) 0.84 (-0.78-2.45) 31

Patient experi- 303 4.66 (4.50-4.83) 4.78 (4.65-4.91) 4.59 (4.44-4.75) 4.77 (4.67-4.88) -0.25 (-0.99-0.49) 58

encewith coordi-

nation of care

Patient experi- 399 3.51(3.41-361) 4.86 (4.77-4.95) 3.63(3.54-3.72) 4.73 (4.62-4.83) 0.16 (-0.40-0.71) .64

encewith co-deci-

sion making

Patient prefer- 414  3.59(3.42-3.75) 3.59 (3.42-3.76) 3.22(3.08-3.36) 3.33(3.20-3.45) 0.36 (-1.28-1.99) .08

ences for influ-
ence

Patient knowl- 432
edge of providers
(health and so-

cial)

Patient experi- 386
ence with self-
management

3.51(3.41-3.61) 3.57 (3.46-3.68)

485(4.76-4.93)  4.87 (4.80-4.95)

GP experience 432
with coordination

of care around

the patient

592 (558-6.27)  7.11(6.81-7.42)

3.63(3.54-3.72)

4.78 (4.67-4.88)

6.76 (6.34-7.17)

3.68 (3.59-3.77) -0.68(-1.44-008) .08

472 (4.61-4.83) 0.38 (-0.29-1.06) 26

8.18(7.94-842)  -528(-10.64-007) .04

Discussion

Summary of Results

There were 290 patients who participated in the intervention
group and 392 in the control group. In the intervention group
76/290 (26.2%) of the patients actively used ZWIP. After a
follow-up of 12 months, we observed no significant
improvement on primary patient outcomes, ADL, IADL, and
mental health.

Strengthsand Limitations

The online ZWIP platform was specifically developed for
reducing fragmentation of care delivery in older people. Almost
half of afrail elderly population without exclusion criteriacould
beincluded in theintervention group for using the online ZWIP
tool [6]. Thisis modestly higher than what can be expected in
the Dutch context, where 39% persons older than 75 yearsreport
having Internet access [22]. This study has two important
limitationsthat can impact results. First, dueto the observational
nature of the study, comparability between the intervention and
the control groupswas limited. Despite adjusting for arange of
covariates, there may be residual confounding.

Observational, controlled before-after designs are common for
complex interventions, where randomized controlled trials
(RCTys) are often not appropriate or feasible for evaluation [23].

http://www.jmir.org/2014/6/e156/

In the case of ZWIP, contamination between patients would
have made individual-level randomization inappropriate. Cluster
randomization was not feasible because the level of commitment
required from a number of local stakeholders could not be
sustained in the control group.

A second limitation was the fact that actual usage of ZWIP was
low, even though the implementation of ZWIP was prepared
systematically during the development of ZWIP, as this is a
structural part of intervention mapping [1,6,7,24,25].
Additionally, implementation strategies were added or adapted
when needed during the actual implementation phase. A wide
range of implementation strategies were used to encourage
uptake; for example, a training program was developed for
professionals and an active recruitment phase led to a high
participation of older persons. Therefore, low levelsof usewere
attained not because of the lack of, but despite using state of
the art implementation techniques. Failure to integrate eHealth
interventions in health care is widespread [26], and therefore
the low levels of use of these frail older subjects is not
surprising. This is especially true for sustained usage of an
eHedthintervention [27]. Asin other studies[26], further efforts
should be focused on improving usability of the intervention,
interms of compatibility for frail older peoplein chronic disease
trajectories [28].
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Future Directions

In addition to further refinement, it is essential to identify those
who benefit most from ZWIP and eHealth applications in
general. The use of eHealth applications in frail populations
could be increased by first identifying frail people with a high
likelihood of early adoption of the eHealth intervention, such
as people with high computer literacy. Which frail elderly are
likely adopters requires further research [26]. Therefore, we
plan to perform a quantitative and qualitative evaluation of
ZWIP usage as well, going beyond the scope of this paper. We
must recognize that in the early stages of evaluation, we take
more of an efficacy approach to the evaluation, rather than a
pragmatic trial approach. Although the efficacy approach limits
generalizability, it alows a thorough investigation of the
intervention’s working mechanisms under more controlled,
laboratory-like conditions. Such work may also reveal ideal
levels of use of ZWIP, asit is possible that communication was
already adequate in the case of some patients, making ZWIP
usage superfluous. Using both quantitative and qualitative
methodsin this development phase may elicit remaining barriers
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and reveal more effective implementation strategies. Only after
adapting to this group and proven efficacy is large-scale
implementation warranted. Successful wide-scale
implementation is a precondition for investigating the
effectiveness of eHealth interventions. Otherwise finding no
differences between treatment arms cannot be interpreted as a
lack of effectiveness. These arguments show that, sufficient
time and resources are required to develop, test, and retest new
eHealth interventions before finally evauating their
effectivenessin pragmatic trials [29,30].

Conclusions

Overdl, the study confirmed that introducing eHealth
interventions in the elderly is a difficult task. Despite using a
theory-driven intervention design and state of the art
implementation techniques, usage remained low and
effectiveness was not observed. Performing a thorough proof
of principle study in early adopters may be crucial toimproving
the use of eHealth interventionsin the elderly before evaluating
effectson alarger scale.
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Abstract

Background: Home-based exercise programs can improve physical functioning and health status of elderly people. Successful
implementation of exerciseinterventionsfor older people presents major challenges and supporting el derly people properly while
doing their home-based exercises is essential for training success. We devel oped a tablet-based system—Activel ifestyle—that
offers older adults a home-based strength-balance training program with incorporated motivation strategies and support features.

Objective: The goa was to compare 3 different home-based training programs with respect to their effect on measures of gait
quality and physical performance through planned comparisons between (1) tablet-based and brochure-based interventions, (2)
individual and social motivation strategies, and (3) active and inactive participants.

Methods: A total of 44 autonomous-living elderly people (mean 75, SD 6 years) were assigned to 3 training groups: social
(tablet guided, n=14), individual (tablet guided, n=13), and brochure (brochure guided, n=17). All groups joined a 12-week
progressive home-based strength-balance training program. Outcome measures were gait performance under single and dual task
conditions, dual task costs of walking, falls efficacy, and physical performance as measured by the Short Physical Performance
Battery (SPPB). Furthermore, active (=75% program compliance) and inactive (<75% program compliance) individuals were
compared based on their characteristics and outcome measures.

Results: The tablet groups showed significant improvementsin single and dual task walking, whereas there were no significant
changes observablein the brochure group. Between-groups comparisons revea ed significant differencesfor gait velocity (U=138.5;
P=.03, r=.33) and cadence (U=138.5, P=.03 r=.34) during dua task walking at preferred speed in favor of the tablet groups.
The brochure group had more inactive participants, but this did not reach statistical significance (U=167, P=.06, r=.29). The
active participants outperformed the inactive participants in single and dual task walking, dual task costs of walking, and SPPB
scores. Significant between-groups differences were seen between the tablet groups and the brochure group, in favor of the tablet
groups.

Conclusions: A tablet-based strength-balance training program that allows monitoring and assisting autonomous-living older
adultswhiletraining at home was more effective inimproving gait and physical performance when compared to abrochure-based
program. Social or individual motivation strategieswere equally effective. The most prominent differences were observed between
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active and inactive participants. These findings suggest that in older adults atabl et-based intervention enhancestraining compliance;

hence, it is an effective way to improve gait.

(J Med Internet Res 2014;16(6):€159) doi:10.2196/jmir.3055

KEYWORDS
gait; aging; exercise therapy; tablet; delivery of health care

Introduction

One of the major opportunities to extend years of active
independent life and to promote an independent lifestyle is to
be physically active on aregular basis [1-3]. Physical activity
can prevent several diseases (eg, cancer and type Il diabetes
mellitus) and has the potential to enhance both physical and
cognitive functioning and cardiovascular and psychological
health [4-8]. For older adults, structured exercise training is
recommended to postpone frailty and vulnerability [9,10] and
to minimize several chronic degenerative diseases that result
from an inactive lifestyle [11,12]. The evidence that sedentary
people lose arelatively large fraction of their muscle massin
the aging process [1] confirmsthat avoiding physical inactivity
is an obvious aim for interventions [12]. In past research, the
effect of physical activity has also been linked to an increasein
life expectancy [13], diminishing probability of afal [14-16],
and in preventing sarcopenia[1,17]. Accordingly, keeping older
adults physically active is a crucial step toward prevention of
several diseases.

Walking requires efficient circul atory, heart, lung, nervous, and
muscul oskeletal systems [18]. In combination with deficitsin
these systems, walking ability in old age often deteriorates. Gait
quality assessment with dedicated gait analysis systems [19],
expressed through measures of variability [20], showed that
both stride time and stride length variability are associated with
the control of the rhythmic stepping mechanism [21]. Errorsin
foot placement control and/or displacement of the center of
mass may result in higher variability [21,22], which in turn
leadsto fallsin older adults[23,24]. Furthermore, gait speed is
one of thefactorsreflecting functional ability and independence
[25]. Slowed walking may reflect damaged organ systems
[18,26]. Relationships between faster gait speed and reduced
mortality [18,27], and shorter length of stay in geriatric hospitals
[28,29] have been demonstrated. In contrast, reduced gait speed
can be associated with falls and a decline in cognitive factors
[30], such as attention and psychomotor speed [31]. This
reduction in gait speed in older people has been shown to be a
result of shorter step lengths [32,33] and increased double
support time [33,34], which are changes in gait that relate to
fals in elderly [35]. Another important determinant of gait
functionin both healthy and unhealthy elderly islower extremity
muscle function [36]. To summarize, a decrease in walking
ability and abnormal walking frequently results in disability
and falls, which can lead to aloss of independence in activities
of daily living [37], institutionalization, and death [38,39].
Furthermore, alack in gait quality can lead to a fear of falling

[37].

When strength training is complemented with balance exercises,
a transfer to functional tasks of daily living may be expected

http://www.jmir.org/2014/6/e159/

[40]. Therefore, to optimize walking quality, strength and
balance training, previously showed to be effective [41-43],
should be applied and adhered to.

Home-based exercise programs—provided that they are
performed correctly—can be effective in improving physical
functioning [15] and health status of elderly people [1].
Especially for older adults without access to exercise facilities
(eg, because they live in rural or remote areas), an effective
home-based intervention at regular intervals potentialy offers
great benefits. Large travel distances and deteriorations in
locomation could potentially limit the ability of these people
to visit atraining center [44,45]. However, despite the fact that
exercise has been widely accepted as beneficia for health,
successful implementation of exercise interventions presents a
major challenge for many older people [46].

The importance of monitoring and supporting elderly people
while doing their home-based exercises should not be neglected.
Providing feedback, social support, motivation, and
encouragement seem to be essential factors in enhancing
adherence [47-49]. Although older adults often express the
desire for training support a home [50], these factors are
difficult to implement in home-based exercise programs. Remote
feedback strategies may have the potential to replace live
supervision while exercising at home [51]. For an overview
about related work on thistopic, werefer to our previous studies
describing our phase Il study [52] with the tablet-based app
Activelifestyle[53]. Thispart of our study compares 3 different
home-based training programs and their effect on measures of
gait quality while considering adherenceto the training program.
We hypothesized differing results for (1) tablet-based groups
when compared to a brochure group, (2) a tablet group with
social motivation strategies when compared to a tablet group
withindividual motivation strategies, and (3) active participants
when compared to inactive participants.

Methods

The Activel ifestyle App

Activelifestyle offers autonomous-living older adults
tablet-based software that supports them doing their physical
exercises. The app assists, monitors, and motivates this group
of people while doing their exercise program at home. The
program consists of a strength and balance training plan.
Exercises are shown with videos and explained with written
and oral instructions. Details of the exercises are given in the
Intervention Program section. The ActivelL ifestyle app comes
in 2 different versions: theindividual version containsindividual
motivation strategies and the social version consists of individual
and sociad moativation strategies. Social and individual
motivation strategieswereincluded to hel p participants comply
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with the training plan. A summary description of these
motivation strategies is provided here because a detailed
description has been published elsewhere [53]. The intention
of the integrated individual motivation strategies (ie,
conditioning through positive and negative reinforcement, goal
setting, self-monitoring, awareness) is to convince the person
about the expected gain for himself/herself (eg, enhance
awareness of health benefits by doing strength and balance
exercises). Social motivation strategies (ie, comparison, external
monitoring, emotional support, collaboration) aim at supporting
individuals (eg, through a socia network consisting of training
partners and caregivers). Activelifestyle supports 6 main
features accessible through its menu:

1 The What's Next? option invites the users to start the
performance of due workout ons.

2. The Weekly Exercises option shows the scheduled
strength-balance sessions organized per week.

3. The Progress option shows the user’s progress through the
conditioning, goal setting, and self-monitoring strategies
previously mentioned in both versions. The social version,
in addition to these strategies, also supports the
collaboration strategy through a collaborative game.

4. The Bulletin Board allows the users to receive written
messages, which may include links to websites and
YouTube videos. Three types of messages are supported:
(1) workout session completed messages to inform the
participant(s) about the conclusion of a scheduled session
of exercises, (2) ActivelLifestyle tips messages to support
the awareness motivation strategy, and (3) public messages
written by the training members. It isimportant to note that
only the social version supports the third type of messages
and can send messages to the whole training plan
community.

5. The Friends option lists the members of the training plan
community (ie, older users and experts). Only the social
version supports this feature.

6. The inBox option alows users of the socia version to
exchange private text messages with their list of friends.

To minimizefailureto follow the program because of amemory
lapse, an alarm clock helps to remind participants about their
training thrice daily. The application has previously shown to
be feasible for older adults [54].

Participants

A sample of 44 autonomously living older adults was selected
according to thefollowing inclusion criteria: older than 65 years,
ableto walk 20 meterswith or without aids, and free of rapidly

http://www.jmir.org/2014/6/e159/
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progressive illness, acute illness, or unstable chronic illness.
Ethical approval for the study was obtained from the ETH Ethics
Committee (EK 2011-N-64). All participants provided written
consent before they participated in the study.

Participants were recruited by convenience sampling from 2
institutions for older people and 1 organization responsible for
coordinating and providing at-home nursing care for seniors.
The Senioren Begegnungszentrum Baumgartlihof, aday center
dedicated to deliver services and information related to the ol der
population (Horgen, Switzerland), advised potential participants
throughitsmailing list and by notesin thelocal newspaper. The
Alterswohnungen Turm-Matt, a cooperative offering housing
and daily living facilities to older people (Wollerau,
Switzerland), informed and advised potential participants in
person or by phone and distributed flyersto advertise the study.
The Fachstelle fiir praventive Beratung Spitex-Zirich, a
home-care nursing organization (Spitex-Zirich), promoted the
study sending letters and specifically inviting patients in need
of better physical performance. Spitex nurses selected potential
participants based on the eligibility criteria.

Participants who fulfilled the inclusion criteria were assigned
to either the brochure group (n=17), the social group (n=13),
or theindividual group (n=14). The social and individual groups
received atablet with the ActivelLifestyle app. Both the social
andindividual group versions of the app consisted of individual
motivation strategies, whereas social motivation strategieswere
added only for the social group. Participants in the brochure
group did their exercises using atraining plan on paper sheets.

Participants who stopped doing their exercises during the 12
weeks of the program were defined as dropouts.

Design
Overview

This study was designed as a phase Il preclinical exploratory
trial. The outcome variables were measured at baseline (TO)
and after 3 months of the intervention. Pre and post
measurementstook placein suitablelocationsat the participating
institutions. Individuals from the tablet groups visited 1 class
to learn how to use the tablet and the included Activel ifestyle
app. A second classwasheld for al 3 groupsto giveinstructions
on how to do the exercises. The training exercise program was
to be conducted at home. A flowchart of participantsis presented
inFigure 1.

At entry to the study, amedical history through self-report was
taken for demographic and health-related information.
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Figure 1. The study flowchart.
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Assessed for Eligibility (n=44)

h

Allocated to ActiveLifestyle Group (n=27)

|

Randomization

Allocated tothe Brochure Group (n=17)

- Completed the study (n=10}

- Did not receive fullintervention (n=7)
Reasons: Lack of motivation (n=6), fluduring
posttests (n=1)

Allocated to Social Group (n=14)

- Completed the study (n=11)

- Did not receive fullintervention (n=3) Reason:
side-effects of chemotherapy (n=1), hip
operation (n=1), broken toe (n=1}

Allocated to Individual Group (n=13)

- Completed the study (n=11)

- Did not receive fullintervention (n=2) Reasons:
broken shoulder (n=1}, System problems during
posttest measurements (n=1)

Outcome Measurements:
Walking analysis (GAITRite)
Short Physical Performance Battery (SPPB)
Falls-Efficacy Scale International {FES-I)

Motor Intervention Program

Interventionsthat aim to improve walking function and prevent
falls should include both strengthening and balance exercises
[55]. Therefore, we developed a program with the help of
guidelines and recommendations from previous studies
[12,56-58]. Participants from al groups performed the same
strength and balance exercises. Detailed information about the
physical exercisesis shownin Table 1 and an exercise example
isgivenin Figure 2.

The intervention consisted of twice-weekly progressive
resistance training for 12 weeks. Training devices used were
resistance bands and soft balls. Exercises with resistance bands
showed to be efficient in enhancing physical functioning in
autonomoudly living older adults [59]. Before the strength
exercises, participants conducted a warm up. Flexibility
exercises followed the program to maintain or improve range
of motion necessary for daily activities. Additionaly, all
participants performed 3 balance exercises 5 times a week.

http://www.jmir.org/2014/6/e159/

RenderX

Frequency, intensity, and duration of the exercises were based
on published recommendations [12,56,58,60].

To ensure exercise progression during the whole program, the
intervention was divided into 3 levels (Figure 3). From week 1
to week 4, participantstrained at the beginner level; from week
5 to week 8, they trained at the intermediate level; and from
week 9 to week 12, they trained at the expert level. The 3
training levels differed in exercise execution, number of sets,
and training additives (eg, ankle weightsfor strength exercises,
towels for balance exercises).

Following performance of each strength and balance exercise,
participants registered their performed sets, repetitions, and
perceived exertion on Borg's scale of perceived exertion [61].
The socia and individual groups were automatically asked to
provide feedback of their exercise experience in the app.
Without this feedback, the program would not continue. The
brochure group received a paper form to provide this feedback
information with a pencil. This information was expected
following each strength and balance exercise.
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Exercises

Beginner

Intermediate

Expert

Warm up; 2 times/week

Strength training; 2
times/week

Stretching; 2 times/week

Balance; 5 times/week

1 set, 10 repetitions
Shoulder rotation
Armscircles

Leg raises

Pointed foot to heel

Hip abduction and adduction
Rest head left and right

2 sets, 12 repetitions

Chair stand
Seated hip flexion

Seated hip adduction
Seated hip abduction

Seated leg extension
Standing leg curl

Standing heel lift
Seated sit-ups

Seated side arm raise with resistance
band

Seated toe lift

3 sets, 15 seconds
Seated leg stretch
Seated hip stretch
3 sets, 15 seconds
One-leg stand

Full tandem stand

Heel-to-toe walk

1 set, 10 repetitions
Standing shoulder rotation
Standing arms circles
March

Standing foot to heel point
Standing side tap

Rest head |eft and right

3 sets, 12 repetitions

Chair stand, arms stretched out
Standing hip flexion

Seated hip adduction

Standing hip abduction®

Seated leg extension®
Standing leg curl a

Standing heel [ift?
Seated sit-ups, arms behind head

Standing side arm raise with resis-
tance band

Seated toe lift?

3 sets, 15 seconds

Seated leg stretch

Seated hip stretch

3 sets, 15 seconds

One-leg stand on a towel
Full tandem stand on a towel

Hesdl-to-toe walk, forward and back-
ward

1 set, 10 repetitions
Standing shoulder rotation
Standing arms circles
March

Standing foot to heel point
Standing side tap

Rest head left and right

3 sets, 12 repetitions

Fast chair stand

Standing hip flexion without placing
foot on the floor

Standing hip adduction

Standing hip abduction without placing
foot on floor?

Standing leg extension®

Standing leg curl a, without placing
foot on floor

One-leg hedl [ift?
Seated sit-ups, straight arms overhead

Side arm raise with resistance band,
fast movement

Standing toe lift?

3 sets, 15 seconds

Seated leg stretch

Seated hip stretch

3 sets, 15 seconds

One-leg stand, eyes closed
Full tandem stand, eyes closed
Heel-to-toe walk, eyes closed

Awith ankle weights (0.5-2 kg per leg).

Figure 2. Example of an exercise instruction: intermediate seated leg extension with weights.

Strength training 1. Tie the weight cuff around your ankle. ’

Exercise 5 2. Breathe in slowly /7’ )
Seated leg extension |3. While exhaling, straighten the leg .
3x12 4. While inhaling you lower the heel ™

Knees should always remain at the same height, body is straight.

hittp:/Awww.jmir.org/2014/6/e159/ JMed Internet Res 2014 | vol. 16 | iss. 6 | €159 | p.106

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 3. Timeline and exercise levels.

Timeline weeks 1-4
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weeks 5-8 weeks 9-12

(7]
-
» 3
Q
| -
a.

Exercise level Beginners

Test Procedures and Outcome M easures

Program Adherence

The criteria for success of our pilot study [62] were based on
feasibility objectives and focused on compliance with the
training plan (eg, the attendance rate of participants). For
adherenceto theintervention, the compliance of the participants
with all trainings was recorded. A compliance rate of 75% was
deemed acceptable [63]. Participants were defined as active
participants when 75% or more of al planned exercises were
performed or asinactive with an attendance less than 75% [64].
Compliance within the exercise program for the groups using
tablets was assessed with an automatic registration after
completing the exercises, whereas participants of the brochure
group had to fill in atraining plan diary.

Gait Analysis

Gait was measured with the portable electronic GAITRite
walkway with Platinum Version 4.0 software (CIR Systems,
Sparta, NJ, USA). Sampling ratewas 60 Hz [65,66]. Thissystem
isavalid and reliable tool for measuring spatial and temporal
parameters of gait [67]. Participants were instructed to walk
under 4 conditions for 2 or 3 trials each, depending on their
physical condition: (1) at their self-selected speed (preferred
walking), (2) at their fastest speed (fast walking), (3) at their
self-selected speed while concurrently performing a cognitive
task (dual task preferred walking), and (4) at their fastest speed
while concurrently performing a cognitive task (dual task fast
walking). For the cognitive task, participants were asked to
continuoudly subtract 7 or 3 from agiven number whilewalking.
If they were not able to perform the cognitive task, the
arithmetical task was modified to a verbal fluency task. The
verbal fluency task consisted of enumerating animalsor flowers.
Participants were asked not to give priority to one task over the
other in the dual task test condition, but to try to perform both
(walking and calculating) equally well at the same time.

The following temporal-spatial parameters were taken for
analysis: velocity (cm/s), cadence (steps/min), step time (s),
step length (cm), double support time (s), and variability of step
timeand length. Variability was expressed as standard deviation
of step time (SD step time) and standard deviation of step length
(SD step length) over the measured number of gait cycleswhile
walking on the GAITRite walkway.

To quantify participants ability to execute 2 tasks
simultaneously, we cal cul ated the relative dual task costs (DTC)
of walking according the following formula [68,69]: DTC
(%)=100* (singletask score-dual task score) / singletask score.

http://www.jmir.org/2014/6/e159/
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Intermediates

Posttests

Experts

Physical Performance and Fear of Falling

Lower extremity functioning was assessed with the Short
Physical Performance Battery (SPPB). Thistest battery consists
of abalancetest, a3-meter gait test, and a5 chair-risestest. The
sum of the 3 components comprises the final SPPB score with
apossible range from 0 to 12 (12 indicating the highest degree
of lower extremity functioning). The SPPB isavaid and reliable
measure of mobility in older adults[70] and can predict future
disability [71].

The Falls Efficacy Scale International (FES-1) questionnaire
was used as a measure of concern about falling to determine
the transfer effects of training. This scale assesses both easy
and difficult physical activitiesand social activities (scale: 1=not
at al concerned, 2=somewhat concerned, 3=fairly concerned,
4=very concerned). The FES-| has excellent internal and
test-retest reliability [72].

Statistical Analysis

All statistical procedures were conducted with SPSS version
21.00 (SPSS Inc. Chicago, IL, USA). All available data were
analyzed by initial group assignment and were performed with
an intention-to-treat approach [73]. All participants were
included in the analysis regardless of their adherence rate. We
assumed that all missing responses were constant and replaced
the missing values with mean values of the group to which
participants were originally allocated [74]. Because of the
nonnormality of the data, baseline comparison and interaction
effects of groups (between-groups differences) were undertaken
using aMann-Whitney U test. The effectssize, r, was calcul ated
as r=zWN (where z is the approximation of the observed
difference in terms of the standard normal distribution and N
is the total sample number). To identify differences between
pretests and posttests (within-group differences) a Wilcoxon
signed rank test was conducted. We identified differences
between (1) the brochure group and the tabl et groups (brochure
group vs social and individual groups), (2) between the 2 tabl et
groups: (social group vs individual group), and (3) between
active and inactive participants using planned comparisons.

Suggested norms for interpreting r are .10=small effect,
.30=moderate effect, and .50=large effect. A probability level
of P<.05 was considered to be statistically significant.

Results

Overview

Participants' demographics and baseline characteristics are
summarized in Table 2. Results are based on a self-report health
guestionnaire. In general, there were no significant
between-groups differences of baseline demographics for most
parameters using planned comparisons:. (1) brochure group vs
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social group and individual groups and (2) social group vs medications daily. The brochure group reported less joint
individual group. We detected significant differences between  diseases (U=139, P=.01, r=.38), practiced less sport in the past
(1) brochure group vs socia and individual groups in joint (U=144, P=.02, r=.36), and took less medication (U=166.5,
diseases, practiced some sport in the past, and 3 or more P=.04, r=.32).

Table 2. Participants' demographics and baseline characteristics (N=44).

Characteristic Group Activity level
Brochure Socidl Individual Active Inactive
n=17 n=13 n=14 n=26 n=18

Age, mean (SD) 76 (15) 74 (5) 75 (6) 75 (5) 76 (7)

Sex, n (%)

Female 10 8(62) 10 (71) 15 (58) 13(72)
Male 7 5(38) 4(29) 11 (42) 5(28)

Fall risk factors, n (%)

Slow walking speed (<1.22 m/s) 10 (59) 9 (69) 7 (50) 14 (54) 12 (67)
Fell in the last 6 months® 4(24) 5(38) 2(14) 5(19) 6(33)
3 or more prescription medications 1(6) 4(31) 5(36) 8(30) 2(11)
Physical functioning; SPPB (points) 9.8 9.7 9.9 10.1 9.4
Fear of faling; FES-I (points) 17.9 20.0 185 189 189

Education/profession, n (%)

University/college 1(6) 2(15) 3(21) 3(12) 3(17)
Vocational education 10 (59) 7 (54) 7 (50) 18 (69) 8 (44)
No educated profession 6 (35) 4(31) 4(29) 5(19) 7(39)
In asitting position past profession 6 (35) 6 (46) 7 (50) 13 (50) 8 (44)

Health questions, n (%)

Number of self-reported chronic diseases

Joint diseases 4(24) 7(54) 9(64) 13 (50) 8(44)
Hypertension 5(29) 4(31) 3(21) 8(31) 4(22)
Cardiac problems 3(18) 4(31) 4(29) 6 (23) 5(28)
Osteoporosis 3(18) 2(15) 2(14) 3(12) 4(22)
Type |l diabetes mellitus 1(6) 1(8) 3(21) 1(4) 5(28)
Self-reported walking problems 5(29) 6 (46) 3(21) 8(31) 6(33)
Need walking aid 1(6) 2 (15) 1(7) 3(12) 1(6)
Hearing problems 6 (35) 5(38) 4(29) 8 (31 7(39)
Vision problems 8 (47) 6 (46) 4(29) 11 (42) 7(39)
Dizziness 3(18) 5(39) 2(14) 6(23) 4(22)
Estimated good health 8(47) 8(62) 5(36) 17 (65) 9 (50)
Estimated better health compared with contemporary 8 (47) 3(23) 5 (36) 11 (42) 5(28)
Estimated good balance 5(29) 3(23) 4(29) 7(27) 5(28)
Feel pain daily 4(24) 2(15) 3(21) 5(19) 4(22)

Physical activity questions, n (%)

Practice some physica activity 7 (41) 6 (46) 3(21) 11 (42) 5(28)
Practiced some sport in the past 10 (59) 8 (62) 10 (71) 14 (54) 9 (50)
Practiced strength exercisesin the past 3(18) 6 (46) 3(21) 6 (23) 6 (33)

@A fall was defined as an event, which resulted in a person coming to rest on the ground or other lower level.
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Program Adherence

The median relative training adherence was 59.3% in the
brochure group (IQR 0.0%-88.9%), 84.0% in the socia group
(IQR 77.2%-89.5%), and 80.9% (IQR 52.8%-88.9%) in the
individual group. We registered 7 active (41%) and 10 inactive
(59%) participants for the brochure group (n=17), 11 active
(85%) and 2 inactive (15%) participants for the social group
(n=13), and 8 active (57%) and 6 inactive (43%) participants
for the individual group (n=14). In total, 26 of 44 participants
reached the goal of 75% adherence or more and were analyzed
asactive (59%), whereas 18 of 44 (41%) were classified as poor
compliers and inactive participants. The brochure group had
more inactive participants, but this did not meet statistical
significance (U=167, P=.06, r=.29). There were no significant
differences between the 2 tablet groups. By further investigating
differences in baseline characteristics between active and
inactive participants, we found significantly more inactive
participants with type Il diabetes mellitus (U=178, P=.03,
r=.34). There were no further differences between active and
inactive participants concerning their baseline characteristics.
Details on the 25% attrition rate have been previously published
[53].

Gait Analysis

Table 3 details the results of the spatiotemporal walking
parameters of the 3 groups. Participants performance in the
posttest was significantly higher than in the pretest throughout
all 4 conditions (preferred walking, fast walking, preferred dual
task walking, fast dual task walking) for the 2 tablet groups
(social group andindividual group). In contrast, apart from step
length during fast walking, there were no significant
improvements in the brochure group observable. The active
participants performed significantly better at posttests compared
to pretests, whereas the inactive participants did not improve.

Differences between the brochure group and the tablet groups,
between the 2 tablet groups, and between active and inactive

http://www.jmir.org/2014/6/e159/
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participants are summarized in Table 4. Performance of the
tablet groups differed significantly from the brochure group in
the dual task walking condition with preferred walking speed:
dual task preferred walking (velocity: U=138.5, P=.03, r=.33;
cadence: U=138.5, P=.03, r=.34). Preferred, fast walking, and
dual task preferred walking did not show significant differences
between the 2 tablet groups (social group vsindividua group).
However, a significant difference was found for dual task fast
walking (SD of step length: U=49, P=.04, r=.39). Comparison
between active and inactive participants revealed significant
differences in velocity throughout all conditions (preferred:
U=145, P=.03, r=.32; fast: U=146.5, P=.04, r=0.32; dual task
preferred walking: U=82.5, P>.001, r=.55; dua task fast
walking: U=100.5, P=.001, r=.05). Although the active
participants outperformed the inactive participants in most
parameters in walking conditions, preferred walking, dual task
preferred walking, and in dual task fast walking, there were no
further significant differences for fast walking.

Analysesof dual task costs (DTC) with preferred walking speed
revealed significant differences between pretest and posttest for
theindividual group (velocity: P=.03, z=—2.134; cadence: P=.02,
z=—2.401; step time: P=.02, z=—2.401; double support time:
P=.02, z=z—2.401). In contrast, performance over time did not
increase for the brochure and social groups. In the fast walking
condition, DTC decreased for the brochure group (SD of step
time: P=.047, z=1.988). No significant differenceswerereported
between (1) the brochure group and the tablet groups, and (2)
the social group and the individua group.

Between-group differences in DTC of walking revealed
significant greater performance for the active group when
compared with the inactive group (DTC preferred: velocity:
U=151.5, P=.047, r=0.30; cadence: U=139.5, P=.02, r=.34;
step time: U=149.5, P=.04, r=.31; DTC fast: SD of step time:
U=152.5, P=.049, r=.30).

JMed Internet Res 2014 | vol. 16 | iss. 6 | €159 | p.109
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH van het Reveet d

Table 3. Participants' single and dual task walking performance during the pretests and posttests and within-group significance cal culated with Wilcoxon
signed rank test.

Condition and parameters Single task walking, median (IQR) Dual task walking, median (IQR)

Pretest Posttest P Pretest Posttest P
Brochure group
Preferred
Velocity (cm/s) 109.9 (103.7,112.1) 109.9 (106.8,1254) .09  86.5(84.3, 103.6) 86.5 (81.3, 106.1) 29
Cadence (steps/min) 109.7 (105.3,110.1)  109.7(109.7,114.1) .07 91.9(86.9, 105.5) 91.9 (91.9, 108.1) 45
Step length (cm) 60.0 (60.0, 65.4) 60.0 (60.0, 67.2) 06  55.6(55.6, 60.0) 55.6 (55.6, 64.1) 11
Step time (s) 0.55 (0.55, 0.57) 0.55 (0.52, 0,55) 07 0.72(057,0.73) 0.72 (0.56, 0.72) 33
SD step length (cm) 2.70(2.38, 2.74) 2.70 (2.03, 2.70) 24 293(2.32,2.93) 2.93 (2.49, 3.14) .88
SD step time (s) 0.022 (0.018, 0.022) 0.022 (0.013, 0.022) 51 0.107 (0.030, 0.107) 0.107 (0.020, 0.107) 14
Double support time (s) 0.35(0.32, 0.36) 0.35(0.32, 0.35) 14  0.50(0.36, 0.50) 0.50 (0.35, 0.50) 45
Fast
Velocity (cm/s) 142.3(139.8,1450)  142.3(142.3(160.0) .06  97.0(87.8, 106.1) 97.0 (97.0, 117.4) 07
Cadence (steps/min) 127.8(1215,127.8)  127.8(125.4,1287) .20 97.4(93.3,111.3) 97.4(97.4, 114.6) 20
Step length (cm) 66.7 (66.3, 70.5) 66.6 (66.6, 74.1) 02 59.3(59.3,64.0) 59.3 (59.3, 66.5) .06
Step time (s) 0.48 (0.48, 0.49) 0.48 (0.47, 0.48) 17 0.65(0.54, 0.66) 0.65 (0.52, 0.65) 22
SD step length (cm) 2.96 (2.65, 2.96) 2.96 (2.66, 3.16) 24 3.44(2.99,4.07) 3.44 (2.77, 3.46) 45
SD step time (s) 0.020 (0.013, 0.020) 0.020 (0.011, 0.020) .65  0.072(0.022, 0.072) 0.072 (0.019, 0.072) A1
Double support time (s) 0.27 (0.27, 0.27) 0.27 (0.25, 0.27) A7 0.42(0.31,0.44) 0.42 (0.31, 0.43) 24
Social group
Preferred
Velocity (cm/s) 108.3 (95.87,129.73)  121.8(106.4, 143.3) .004 91.3(70.4,111.8) 115.6 (85.1, 130.5) .02
Cadence (steps/min) 106.1 (1011, 112.3)  116.6(105.7,117.7)  .006 93.4(86.9, 105.1) 107.1 (91.6, 117.9) .01
Step length (cm) 60.9 (54.6, 67.3) 60.9 (58.9, 75.1) .004 58.2(50.6, 64.9) 58.2 (50.2, 69.5) A1
Step time (s) 0.57 (0.54, 0.59) 0.51 (0.51, 0.57) 01  065(0.57,0.69) 0.56 (0.51, 0.66) .01
SD step length (cm) 2.05 (1.80, 2.21) 1.70(1.38, 2.14) 37 2.38(1.92,2.74) 2.40 (1.52, 2.61) 29
SD step time () 0.019(0.015,0021)  0.015(0.011,0.020) .14 0.033(0.019,0.041)  0.023(0.013,0.040) .03
Double support time (s) 0.33(0.30, 0.38) 0.32(0.27, 0.35) .02 0.38(0.35, 0.46) 0.33(0.28, 0.45) A1
Fast
Velocity (cnm/s) 1465 (130.6,182.8)  152.8(136.3,2005) .03  117.3(101.9,1355)  141.1(108.9,158.7)  .003
Cadence (steps/min) 1285(121.2,136.2)  133.6(119.8,1547) .06 107.7(105.7,118.7)  1153(1065, 6132.8)  .003
Step length (cm) 69.6 (59.7, 76.5) 69.4 (65.4, 78.3) 42 63.9(56.1,70.2) 63.9 (58.8, 72.0) .09
Step time (s) 0.47 (0.44, 0.49) 0.50 (0.39, 0.50) 05 056 (0.51, 0.59) 0.52 (0.45, 0.57) .003
SD step length (cm) 2.62 (205, 3.27) 2.66 (1.86, 3.11) 59 2.01(1.76, 2.50) 2.54 (2.28, 3.04) .05
SD step time (S) 0.014(0.011,0.018)  0.014 (0.010,0.017) .89  0.019(0.014,0.033)  0.019 (0.015, 0.034) .56
Double support time (s) 0.25(0.20, 0.27) 0.23(0.17,0.27) .25  0.30(0.28,0.36) 0.31(0.24, 0.36) .01
Individual group
Preferred
Velocity (cm/s) 123.0(112.9,137.2)  132.8(1230,156.1) .01  100.8 (91.7, 109.6) 112.3(95.7, 140.1) .01
Cadence (steps/min) 113.7(109.2,119.3)  124.4(1136,1289) .01  102.6 (91.1, 109.6) 109.2 (90.5, 127.5) .004
Step length (cm) 64.8 (61.6, 70.4) 64.8 (64.1, 70.4) 08  60.2(55.7, 62.8) 60.9 (60.0, 65.2) .02
Step time (s) 0.53 (0.50, 0.55) 0.48 (0.47, 0.53) .01  0.59(0.55,0.71) 0.57 (0.47, 0.66) .01
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Condition and parameters

Single task walking, median (IQR)

Dual task walking, median (IQR)

Pretest Posttest P Pretest Posttest P

SD step length (cm) 1.88(1.68, 2.10) 1.74 (1.48, 1.86) 18 2.79(2.13,3.46) 2.79 (1.99, 2.94) 29
SD step time (S) 0.017 (0.015,0.019)  0.013(0.011,0.017) .01  0.032(0.023,0440)  0.021(0.023,0.222)  .003
Double support time (s) 0.30(0.27, 0.33) 0.27 (0.23, 0.30) 01  037(0.32,0.45) 0.32(0.25, 0.40) .004

Fast
Velocity (cm/s) 179.1 (167.2, 190.9) 183.8 (175.0, 216.1) .03 134.9 (122.2, 142.6) 140.3 (125.8, 172.0) A1
Cadence (steps/min) 146.4 (141.4,154.6) 1557 (146.4,171.1) .01  1233(113.1,132.0) 125.8(118.0,1441) .09
Step length (cm) 73.6(69.7, 75.4) 73.6(70.2, 76.6) 53 68.4(61.8,68.7) 67.4 (66.3, 68.7) 79
Step time (s) 0.41 (0.39, 0.42) 0.39(0.35, 0.41) 01  0.49(0.45, 0.56) 0.48 (0.42, 0.53) 11
SD step length (cm) 2.72(2.34,3.04) 2.72(2.34,3.97) 79 296(2.18,4.02) 2.87 (2.53, 3.02) 33
SD step time (S) 0.014(0.011,0017)  0.012(0.010,0.014) .37 0.029(0.018,0051)  0.018(0.014,0.036) .02
Double support time (s) 0.19 (0.16, 0.20) 0.16 (0.12, 0.19) .04  0.24(0.28,0.29) 0.24 (0.19, 0.27) A3

Active

Preferred
Velocity (cm/s) 117.1(1045,129.3)  128.1(107.8,1535)  >001 104.3 (68.8, 114.0) 121.0(93.3, 136.1) >001
Cadence (steps/min) 109.1 (102.1, 118.4) 107.1 (116.7, 126.1) >001 102.6(88.1, 109.0) 111.7 (93.2, 126.3) >001
Step length (cm) 64.6 (58.4, 69.3) 65.8 (60.8, 74.4) >001 59.9(52.2, 66.7) 64.1 (56.3, 69.5) .001
Step time (s) 0.55 (0.51, 0.59) 0.51 (0.48, 0.56) >001 0.58 (0.55, 0.68) 0.54 (0.48, 0.65) >001
SD step length (cm) 2.06 (1.82, 2.41) 1.71(1.40, 2.17) 03 248(2.00,3.21) 2.48 (1.64, 2.94) .05
SD step time (s) 0.017 (0.014, 0.021) 0.012 (0.011, 0.018) .01  0.030(0.019, 0.040) 0.018 (0.013, 0.037) >001
Double support time (s) 0.31(0.29, 0.37) 0.29 (0.25, 0.38) 001 0.27(0.32,0.48) 0.32(0.27,0.42) .001

Fast
Velocity (cm/s) 157.3(141.0,181.8)  166.9(145.7,204.9)  .001 122.8(99.8, 10.3) 142.6 (106.9, 172.0)  >001
Cadence (steps/min) 131.1(119.8, 145.9) 135.7 (121.7, 163.5) .002 111.9(102.1, 124.0) 121.8 (107.2, 139.1) >001
Step length (cm) 71.8 (63.0, 77.6) 72.7 (67.0, 81.6) 03 64.4(58.9, 69.8) 66.8 (60.3, 74.4) .02
Step time (s) 0.46 (0.41, 0.50) 0.44 (0.37, 0.49) 002 054 (0.48, 0.59) 0.49 (0.43, 0.57) >001
SD step length (cm) 2.66 (2.13, 3.49) 2.62(1.93, 3.33) 88 2.63(1.80,4.11) 2.68 (2.12, 3.40) 68
SD step time () 0.013 (0.011, 0.016) 0.011 (0.009, 0.018) .96  0.019 (0.016, 0.038) 0.017 (0.013, 0.025) .002
Double support time (s) 0.24 (0.19, 0.27) 0.22 (0.13, 0.26) 02 0.29(0.26,0.37) 0.28 (0.20, 0.36) .001

Inactive

Preferred
Velocity (cm/s) 109.9 (104.9, 116.7) 109.9 (109.9, 125.4) .09  86.5(85.4,100.1) 86.5(85.8, 93.5) .87
Cadence (steps/min) 109.7 (106.9, 113.7)  111.3(109.7,114.1) .06  91.9(89.9, 98.4) 91.9 (89.1, 98.4) 75
Step length (cm) 60.0 (60.0, 64.1) 60.4 (60.0, 64.8) 09 556 (55.6,60.2) 55.6 (55.6, 60.6) 74
Step time (s) 0.55 (0.53, 0.56) 0.54 (0.53, 0.55) 04 0.72(0.65,0.72) 0.72 (0.65, 0.72) 74
SD step length (cm) 2.56 (1.91, 2.70) 2.39(1.82, 2.70) .99 2.79 (2.37,2.93) 2.93(2.72,2.95) .18
SD step time (S) 0.022(0.017,0.022)  0.019(0.017,0.022) .31  0.107(0.046,0.184)  0.107 (0.039, 0.184) .40
Double support time (s) 0.35(0.32, 0.35) 0.34 (0.30, 0.35) 18  0.48(0.40, 0.50) 0.50 (0.40, 0.50) 87

Fast
Velocity (cm/s) 1422 (1422,179.1)  1444(1422,179.1) .18  97.0(97.0,125.3) 98.4 (97.0, 134.9) 61
Cadence (steps/min) 127.8(127.4,1445)  1282(127.8,146.4) .09  97.4(97.4, 119.4) 101.7 (97.4, 119.4) 74
Step length (cm) 66.6 (66.6, 73.6) 67.0 (66.6, 73.6) 61 59.6(59.3,68.3) 60.5 (59.3, 67.7) .99
Step time (s) 0.48 (0.42, 0.48) 0.47 (0.41, 0.48) .09  0.65(0.53,0.65) 0.62 (0.53, 0.65) 87
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Condition and parameters

Single task walking, median (IQR)

Dual task walking, median (IQR)

Pretest Posttest P Pretest Posttest P

SD step length (cm) 2.93(2.70, 2.96) 2.96 (2.72, 2.96) 31 3.24(261, 3.44) 3.25(2.78, 3.44) 87
SD step time () 0.017(0.014,0.020)  0.018(0.014,0.020) .50 0.071(0.033,0.072)  0.060(0.032,0.072) .74
Double supporttime(s) ~ 0.027 (0.019,0.027)  0.026(0.019,0.027) .18  0.42(0.29, 0.42) 0.39 (0.25, 0.42) 99

Table4. P values of participants walking performance (between-groups differences after intervention phase calculated with Mann-Whitney U test).

Condition/parameters

Brochurevssocial andindividual  Social vsindividual

Active vsinactive

P ra P réa P ré
Preferred
Velocity .08 .26 .96 .01 .03 .32
Cadence .09 .26 .63 .09 .06 .29
Step length 22 18 53 12 .02 .36
Step time 14 .22 .92 .02 .06 .28
SD step length 91 02 .99 00 .03 33
SD step time .08 .26 44 A5 .04 .30
Double support time 19 .20 .53 A2 .01 .38
Fast
Velocity .37 14 .96 .01 .04 32
Cadence .09 .25 .66 .08 .08 .27
Step length 38 13 96 01 07 27
Step time 24 .18 .90 .02 .10 .25
SD step length 53 .10 96 01 66 07
SD step time 40 A3 44 A5 .58 .08
Double support time .36 14 72 .07 12 .23
Dual task preferred
Velocity .03 .33 44 15 <.001 .55
Cadence .03 .33 37 A7 <.001 .57
Step length 37 14 .99 .00 .003 45
Step time .05 .29 47 14 .001 A48
SD step length 28 16 92 .02 .01 40
SD step time .20 19 47 14 .002 A7
Double support time A1 .24 A7 .26 .003 A7
Dual task fast
Velocity .20 19 .59 .10 .001 49
Cadence .07 .28 .59 .10 .001 .50
Step length 58 .08 20 25 .10 25
Step time 14 .22 47 14 .001 A48
SD step length 30 16 04 39 76 .05
SD step time .61 .08 .38 A7 .01 42
Double support time 22 .18 .96 .01 .002 A7

8Effect size (small effect: r=.1; medium effect; r=.3; large effect: r=.5).
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Physical Performance and Fear of Falling

Table 5 demonstrates changes over time for fear of falling
(FES-1) and physical performance (SPPB) for the 3 groups. The
SPPB showed significant improvements for all groups. There
were no differences between pretest and posttest for FESI.

van het Reve et al

Significant group differencesfor FES-1 were observed between
the brochure group and tablet groups (U=151.5, P=.04, r=.31);
however, not between the 2 tablet groups (U=89.5, P=.94,
r=.01) or the active and inactive participants (U=210.5, P=.53,
r=.09). We found a significant difference between active and
inactive participantsin SPPB (U=139, P=.02, r=.36).

Table 5. Physical performance and fear of falling during the pretest and the posttest and significance of within-group differences pre-post calculated

with Wilcoxon signed rank test.

Test Brochure group, median (IQR) Social group, median (IQR) Individual group, median (IQR)
Pretest Posttest P Pretest Posttest P Pretest Posttest P
SPPB  9.8(9.4,11.0) 11.0(9.8,12.00 .02 9.7(80,11.0) 12.0(9.7,12.0) .02 99(88,11.0) 11.0(9.9,12.00 .02
FES| 17.9(16.0,17.9) 17.9(17.0,17.9) .49 20.0)(17.0, 20.0(17.0,206) .23 18.9(17.5, 20.0) 18.0(16.0,18.9) .27
215

Social I nteraction

We registered the number of dispatched messages. The total
number of messages dispatched to the bulletin board was 31
from the social group participants sent by 8 of 13 social group
participants. The caregivers dispatched a total of 37 messages
to the bulletin board. Six of 13 social group participants wrote
13 messages to another participant. Participants received 84
messages from caregivers,; 93 messages were dispatched by 11
socia group participants to caregivers. Thus, most interaction
occurred between caregivers and participants and not between
participants, indicating the importance of social support from
caregivers.

Discussion

Principal Findings

This study compared 3 different home-based training programs
and their effect on measures of gait quality while considering
adherence to the training program. We hypothesized that there
would be differing results for (1) the tablet-based groups when
compared to the brochure group, (2) the tablet group with social
motivation strategies when compared to the tablet group with
individual motivation strategies, and (3) active participants
when compared to inactive participants. The outcomes of interest
were gait quality and lower extremity physical performance.
Furthermore, the aim was to assess the influence of different
motivation strategies offered to the trainees.

Gait Analysis

From previous studies, we know that home-based exercise
training can have beneficial effects on physical performance
outcomes[1,75], provided the program is adhered to [ 76]. Our
results of the walking quality analysis show significant
improvements from pretest to posttest, especially inthetraining
groups that showed high adherence rates. The tablet groups
reached higher adherence rates compared to the brochure group.
Furthermore, participants in the tablet groups were able to
improve gait velocity throughout all walking conditions
(preferred and fast single task walking, preferred and fast dual
task walking), whereas the brochure group failed to increase
this performance aspect following 12 weeks of training. Usual
gait speed isa predictor for disability, falls, and mortality [26].

http://www.jmir.org/2014/6/e159/

In comparison to our brochure group and the inactive
participants, thetablet groups and the active participants reached
improvements of 10 cm/sor more. Such improvements represent
clinically meaningful change in gait speed [26]. Walking at
fastest speed may serve as a useful diagnostic measure for
people at higher risk for multiple falls. In the fast walking
condition, shorter step length relatesto falls[77]. We reported
an improvement in step length during walking in our group of
active participants, but not in the inactive participants. Both the
tablet groups and the active participants improved velocity
during fastest walking. Compared to literature reference values
where an expected preferred and fast walking speed for
independently living elderly would be approximately 133 cm/s
and 207 cm/s, respectively [78], our samples performed worse
pretraining. Following training, however, the tablet groups
improved toward these reference values.

Frail elderly people and elderly people who tend to fall exhibit
increased variability in measures of gait [23,79,80]. Elderly
nonfallers present low rates of variability of temporal variables
[20,24]. Decreased leg strength explains greater variability [81].
This study shows that tablet-based exercise may decrease gait
variability provided the trainees adhere to the training plan. The
brochure group demonstrated no decrease in gait variability
after the intervention. In contrast, the tablet groups showed
significantly lower variability throughout all measurement
conditions. This especialy holds true for the group with
individual motivation strategies and for step time variability.
Step time and double support time—factors that have been
previously related to falls [35]—decreased throughout all
conditions, again solely in the tablet groups. Thus, our tria
underpins the importance of training program compliance in
preventive exercise programs for elderly and indicates that an
appropriate targeted tablet-based exercise application isable to
positively influence exercise adherence in independent-living
elderly training a home. Because of the higher training
adherence, the tablet-based exercise groups improved their
single and dua task walking to a larger extent compared to a
group trained with amore conventional type of brochures-based
training.

Dual task walking (ie, the ability to perform asecond task while
walking) is a key element to remain independent because this
is an ahility required for many activities in daily life. Daily
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activities pose high cognitive demands and safe walking should
be practicable under cognitively distractive or otherwise
challenging conditions. Our findings in dual task walking are
similar to some extent to the findings of Pichierri et a [82], who
reported no improvementsin dual task walking with an isolated
motor training program. Thisfinding wasin-line with previous
studies that investigated the effect of an isolated physical
training program that were not able to demonstrate
improvements in  walking under attention-demanding
circumstances [83,84]. Our intervention did not consist of a
cognitivetraining part and it can be specul ated that an extension
of our program with acognitive challenge will be more effective
in influencing walking under attention-demanding
circumstances. Future research should be directed to
investigating the value of additional cognitive elements to the
training program to substantiate these assumptions.

Physical Performance

We found a significant improvement in SPPB scores within all
groups, reflecting enhanced lower extremity function and
walking ability [85]. On average, aperson that reacheslessthan
10 points on the SPPB is amost 3.5 times more susceptible to
suffer from mobility disability than a person scoring the
maximum of 12 points [85]. All 3 groups reached a median
relative score of 11 points or more in the posttests, compared
to amedian relative score of less than 10 pointsin the pretests.

Program Adherence

An important issue in the field of exercise interventions with
elderly people is adherence to the training plan [76]. Elderly
people will only be able to reap the gains from exercise under
the precondition that they comply with and progress through
the exercise plan. A systematic review investigating adherence
to multifactorial interventionsin falls prevention in community
settings for clinical trials reported rates ranging between 28%
and 95%. The general range was approximately 75%, which
was the reason we chose this level to divide our training group
into active versus inactive participants. Compared with these
values [86], we achieved better or similar rates as 75%
adherence; however, thiswasfor the tabl et-based training groups
only. Furthermore, we observed the most prominent differences
in training effects between the active and the inactive
participants. Active participants demonstrated significantly
higher performance in several spatial-temporal walking
parameters compared to the inactive participants. This supports
findingsfrom other studies showing that better complianceleads
to significantly higher training-related benefits [87,88] and
indicatesthat adherence moderated trestment effectiveness. We
report on values after 3 training months, but Nyman and Victor
[64] reported values that may be expected by 12 months. In a
future phase 111 trial, the follow-up period for the assessment
of adherence and attrition should preferably be extended to a
similar timeframeto facilitate comparability of thisfuture study
with reference values.

Social support [48] and commitment to or advice from health
experts, physicians, or caregivers are reasons for higher
compliance rates and more moderate exercise conduction
[44,89]. In an analysis of compliance in home-based exercise
programs, an increase in compliance was registered in a

http://www.jmir.org/2014/6/e159/
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brochure-based group compared with the outcome of a control
group who did not recelve any recommendations [90].
Moreover, a DV D-supported training program reported better
adherence compared to brochures [89]. DVDs might help to
overcome motivational problems [89] and enhance exercise
correctness [91] compared to brochure-guided exercise
programs. The amount of messages dispatched indicates that
most interactions occurred between caregivers and participants
and not between participants. This reflects the importance of
socia support of caregiversto the trainees.

Motivation is an important parameter for home-based exercise
performance [92] and should be explicitly considered in the
design of interventions. The program used in our study explicitly
considered motivational elements and allowed participants
contacting experts and training partners. The most active
participants were found in the socia group, whereas the most
inactive participants belonged to the brochure group (although
this did not meet statistical significance). This result supports
our assumption that social motivation strategies enhance
compliance. Apart from that, there seems to be no direct gain
from social motivation strategies on walking quality compared
with individual motivation strategies because the results of the
2 tablet groups did not differ in the outcome measures.

Limitations

An obviouslimitation of this study isthat the groupswere only
partly randomized. Therefore, this study only reveas first
estimates and warrants further research with a properly
randomized model. A further limitation is the rather small
sample size. M easurements of compliance are based on written
information of participants, which cannot be seen as an
instrument that guarantees the participants followed the
exercises. Better control instrumentswould be auseful extension
to further studies.

Additionally, correctness of the exercise was not controlled. To
overcome this problem, further research should include
technologies to control posture and movement pattern. Video
analysis with 3-dimensional motion tracking equipment or
microelectromechanical  systems (MEMS) can offer
opportunitiesto link cliniciansand potential users[93]. Another
optionisthe Health Hub (HH) software that allows recognition
and analysis of motion [93].

We treated the dropouts of this study as part of the treatment
group to which they were assigned even if they did not receive
the full intervention. Intention-to-treat is a recommended
approach to several types of nonadherenceto the study protocol
[94], able to reduce the potential dropout bias effect [95]. We
replaced missing data with the mean values of the groups, thus
allowing complete case analysis. A drawback of this approach
is reduced variability and weakening of covariance and
correlation estimates in the data. Future adequately powered
studies with larger samples should be performed with both
intention-to-treat and per-protocol anaysis.

Conclusions

The findings of this study are in-line with previous research
that demonstrated improvements in gait quality and physical
performance of older adults after strength-balance exercises.
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This study adds useful information about home-based training
programs for older adults. Our participants adhered better to
the weekly physical intervention when provided with the
Activel ifestyle app. This clearly described exercise program,
including motivational aspects, an attractive design, automatized
reminders, and the opportunity to give feedback about performed
exercises to training supervisors, seems to contain important

van het Reve et al

leads to training-related improvements. The trainees that
complied with the training plan improved gait and physical
performance. The tablet-based program resulted in higher rates
of adherence compared to the brochure-based program. These
findings suggest that in older adults a tabl et-based intervention
may enhance compliance and potentially offers an effective
way to improve gait.

elements to enhance adherence and compliance rates, which
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Abstract

Background: The prenatal care visit structure has changed little over the past century despite the rapid evolution of technology
including Internet and mobile phones. Little is known about how pregnant women engage with technologies and the interface
between these tools and medical care, especially for women of lower socioeconomic status.

Objective:  We sought to understand how women use technology during pregnancy through a qualitative study with women
enrolled in the Women, Infants, and Children (WIC) program.

Methods: We recruited pregnant women ages 18 and older who owned a smartphone, at aW!IC clinic in central Pennsylvania.
Thefocus group guide included questions about women’s current pregnancy, their sources of information, and whether they used
technology for pregnancy-related information. Sessions were audiotaped and transcribed. Three members of the research team
independently analyzed each transcript, using athematic analysis approach. Themesrelated to the topi cs discussed wereidentified,
for which there was full agreement.

Results: Four focus groupswere conducted with atotal of 17 women. Three major themes emerged asfollows. First, the prenatal
visit structure is not patient-centered, with thefirst visit perceived as occurring too late and with too few visits early in pregnancy
when women have the most questions for their prenatal care providers. Unfortunately, the educational materials women received
during prenatal care were viewed as unhelpful. Second, women turn to technology (eg, Google, smartphone applications) to fill
their knowledge gaps. Turning to technology was viewed to be agenerationa approach. Finally, women reported that technol ogy,
although frequently used, has limitations.

Conclusions: The results of this qualitative research suggest that the current prenatal care visit structure is not patient-centered
in that it does not allow women to seek advice when they want it most. A generational shift seemsto have occurred, resulting in
preghant women in our study turning to the Internet and smartphones to fill this gap, which requires significant skills to navigate
for useful information. Future steps may include devel oping interventions to help health care providers assist patients early in
pregnancy to seek the information they want and to become better consumers of Internet-based pregnancy resources.

(J Med Internet Res 2014;16(6):€147) doi:10.2196/jmir.3385
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Introduction

Littleis known about how pregnant women are currently using
Internet technologies (eg, websites, smartphone applications)
and how these tools interface with medical care [1]. The
Maternity Experiences Survey, a 2006-2007 national survey of
postpartum women in Canada, found that women considered
the most useful source of information during pregnancy to be
their health care provider (32.2%), followed by books (22.3%),
and personal experiences from a prior pregnancy (17.1%),
although family and friends, the Internet, and prenatal classes
were aso noted [2]. Since that survey, the Internet and
smartphones have become much more popular and, although
patients report that physicians are their preferred source for
information, the Internet is often the first resource accessed for
health information because of its accessibility, wide availability,
and low cost [3,4]. Women, in particular, are more likely to be
health information seekers and to report that information
obtained from the Internet helped them cope with their health
conditions, including pregnancy [4,5]. Pregnant women who
search the Internet for health information have a variety of
resources from which to choose. One study investigating search
termsfor common obstetrical terms (eg, birth trauma, epidural,
etc) found millions of websites, less than 4% of which were
created or sponsored by physicians[6].

Given the wide availability of online resources for pregnant
women, it is not surprising that nearly half (44%) of pregnant
women are using these tools [1]. However, what remains less
clear is the role technology has during pregnancy and the
interaction between online resources and prenatal care. In this
study, we sought to understand how women use technology
during pregnancy through aqualitative study of pregnant women
enrolled in the Women, Infants, and Children (WIC) program.

Methods

Setting and Participants

In spring 2013, we recruited pregnant women through posted
advertisements at aWomen, Infants, and Children (WIC) clinic
in central Pennsylvania. The focus groups were conducted at
the Cumberland/Perry Tapestry of Health (CP TOH) WIC clinic.

Textbox 1. Focus group interview guide.

Kraschnewski et al

The CP TOH provides the WIC program to over 3500 clients
per month in both Cumberland and Perry counties in central
Pennsylvania. Recruitment materials invited women to
participate in a 90-minute focus group to discuss how
smartphones may help women have healthier pregnancies.
Interested women were screened in person at the clinic or by
phone for eligibility. The eligibility criteria included being 18
yearsold or older, currently pregnant, and owning asmartphone.
Women who met eligibility criteria and agreed to participate
were scheduled for a focus group. Informed consent was
obtained at the start of the focus group session. Each woman
was compensated for her participation and childcare was
provided. This study was approved by the Penn State University
College of Medicine's Institutional Review Board.

Procedures

We conducted four focus groups, ranging between 2-6
participants each, with a total of 17 participants. The focus
groups were conducted by 3 of the investigators (JLK, CHC,
EP). The groups were held in a conference room at the WIC
clinic. Prior to each session, participants completed a brief
self-administered written questionnaire to assess demographic
data (eg, race, ethnicity, weight, and height), adapted from the
Nationa Health and Nutrition Examination Survey, and
smartphone use characteristics, adapted for our population from
the Pew Research Internet Project [7].

The primary purpose of the focus groups was to determine
participants’ requirements for a smartphone application aimed
at helping them achieve a healthy pregnancy, while the current
analysis reports on the subset of questions related to current
technology use. Women were asked when they found out they
were pregnant, when they called for prenatal care, and where
they sought information prior to thefirst prenatal carevisit. The
focus group guide also included questions about the positive
experiencesand challengesthey were having during their current
pregnancy and how they had been using their smartphones and
other sources of technology during the current pregnancy.
Textbox 1 presents the questions from the interview guide
analyzed in this manuscript. All sessions were audiotaped and
transcribed. Members of the research team debriefed following
each focus group session and focus groups were continued until
it was agreed that thematic saturation was reached.

1. What's been one of the most challenging things so far about this pregnancy?

a. Are these challenges your prenatal care providers have helped you with?

b. When did you have your first prenatal visit?
2. Tell us about something you've done to keep track of your pregnancy.

3. Do you talk about your pregnancy with others online (eg, on Facebook, Twitter, YouTube, or websites for expecting moms)?

4. You may or may not have seen them before, but there are a lot of smartphone applications that are about pregnancy. Have you downloaded any

pregnancy applications?

a. What were your experiences with them?

Data Analysis

Frequencies for data reported on the brief questionnaire are
presented. Three members of the research team (JLK, IB, CHC)

http://www.jmir.org/2014/6/e147/

independently analyzed each transcript, using athematic analysis
approach. Data from the notes and transcripts were reviewed
and codes were generated. Codes were then analyzed and
categorized into over-arching themes independently by
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investigators and discussed, resulting in full agreement.
Iustrative examples of the themeswere sel ected and presented.

Results

Participant Characteristics

Table 1 displays the characteristics of the focus group
participants. Women had an average age of 28 years and most

Table 1. Participant characteristics (n=17).

Kraschnewski et al

were white. There were women representing all pregnancy

trimesters. The vast majority reported using online socia
networking sites at least once aday (82%, 14/17).

Characteristics n (%)
Age, years, median (range) 28 (21-38)
Race

White 14 (82)

Other 3(18)
Parity

Nulliparous 5(29)

Parous 12 (71)
Number of weeks pregnant

First trimester 7(41)

Second trimester 4(24)

Third trimester 6 (35)
Pre-pregnancy weight category

Normal weight 8 (47)

Overweight 6 (35)

Obese 3(18)
Smartphone operating system

i0S 6(35)

Android 8 (47)

Other 3(18)
Frequency of use of online social networking

At least once aday 14 (82)

At least once aweek 3(18)

Themes

Overview

Technology use, either through Internet or smartphone
applications, was the standard among our participants. WWomen
sought the Internet and smartphone applications, in part because
the prenatal care visit structure and how pregnancy-related
information was delivered during prenatal care visits was not
meeting their needs. Specifically, women reported using search
engines (eg, Google) to answer pregnancy-related questions,
which ranged from, “Am | pregnant?” to specific
pregnancy-related symptoms (eg, abdominal pain, constipation,
fatigue, heartburn). Women also frequently described using
pregnancy-tracking smartphone applications (eg, BabyCenter)
to follow their baby's progress (eg, current size, organ
development). Further, women used socia mediasites, including
Facebook, to share their pregnancy experience and learn about

http://www.jmir.org/2014/6/e147/

the experiences of others (eg, videos of different birthing
methods). The analysis of the women's responses resulted in
theidentification of three overarching themes: (1) prenatal care
structure is not patient-centered, (2) women used technology
to fill gaps, and (3) technology has limitations in supporting
their pregnancy-related needs.

Prenatal Care Structure Was Not Patient-Centered

In general, most women reported that the structure of their
prenatal care did not meet their needs and thus was not
patient-centered (ie, responsivetoindividua preference, needs,
and values) in several key ways. First, thetiming of the prenatal
visits did not reflect when women wanted to see their provider.
Multiple women commented that the first visit occurs too late
and that there aretoo few visits early in pregnancy, when women
had the most questions for their prenatal care providers:
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They expected me to wait 13 weeks until | had a
conversation with my doctor.

| know we can’t change the health care system.. .but

on your first appointment, they say, “ We'll see you

in 8 weeks...” and uh...That's 2 months! What am |

going to do? [Focus Group 1, Participant C; FGL1, C]
In contrast, women felt the clinic visit structure required too
many visitstoward the end of pregnancy. One woman suggested
that the prenatal care visit structure was upside down:

I’mat 10 weeks, they don’'t want to see mefor another
6 weeks...they see you more at the end than at the
beginning...they don’'t have to see you so much at the
end. [At the] beginning there are more questions
about health and weight gain—that should be the
priority. [FG1, D]
In addition to the timing of clinic visits, women expressed that
the supplemental information provided during these visits was
not useful to them:

Today they gave me a whole bag of pamphlets and
flyers and didn't explain or go over them with
me...and now | haveto go homeand try to go through
them, while | have a kid running around...and when
you're a new mom, that’s overwhelming. [FGL1, D]

Another woman echoed this opinion:

They gave me pamphletls on my first
appointment...here’s this one...here's this one...and
they bombard you with all thisinformation. [FG2, B]

Interestingly, the book of “What to Expect When Expecting”,
previously considered a must-read for pregnant women, was
unfamiliar to many of the women. Some women said they were
given acopy of the book by their prenatal care provider but had
not opened it because they found using a reference book to be
outdated and not how they wanted to receive information. Those
who had used the book expressed that much of the information
it contained lacked usefulness:

[The book] says how to take care of your second
child, well, | don't need that—’ ma first time mother!
[FG2, D]

Another woman agreed,

Half that book doesn’t pertain to anyone or anything.
Or it tells you about how you conceived the baby.. .|
know this much already! [FG2, C]

Another way in which women described how prenatal care
lacked patient-centeredness was that the visits themselves felt
structured around the clinics' needs and not individualized
toward the patients needs. For example, when discussing
gestational weight gain:

It [the target weight to gain] wasn't even my goal, it
was theirs...They just gave me a paper. What good
does that do at 28 weeks? I’'m almost already there.
[FG1, A]
Another woman also commented on how her prenatal care felt
routine and inconvenient:

http://www.jmir.org/2014/6/e147/
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| found out [I was pregnant] at 4 weeks...but | was
new with this, so | was on it. They took me in for a
blood test. That was it. They called to say, ‘Yes,
congratulations and then called me at 9 weeks for a
sonogram and a whole slew of blood work, and |
asked specifically if | was going to see my doctor
there and they said no. So | had to make a separate
appointment following that, just to see my doctor, and
pay for that visit. [FG1, C]

The structure of the prenatal care led most of the participants
to turn to Internet resources to provide them with
pregnancy-related information.

Women Sought Technology to Fill I nformation Gaps
and Share Their Pregnancy Experiences

Participants reported turning to technology to fill gaps largely
attributed to limitations in their prenatal care, primarily the
inability to ask their provider questions during their pregnancy.
Most frequently, women reported using Google and smartphone
applications (eg, Babycenter) asameans of finding information.
One woman reported turning to Googleto fill information gaps
largely because of the prenatal visit limitations:

| did alot of Google searches and Pinterest, my little
mommy blog things, just looking at different
things...my doctor didn’t tell me about round ligament
pain, until, gosh, maybe 4 weeks ago...but | was
having [the pain] from 13 weeks on. [FG1, C]

Another woman echoed these thoughts:

| think they should see you at 6 [weeks pregnant].

Just because, with new moms, they’ll have all types

of questions...they're getting sick, feeling miserable.

So they can get helpful tips, instead of getting all the

info late...so women are going on Google to get their

own answers because their doctors won't see them.

[FG1, D]
Even when women had established carewith their prenatal care
provider, they aimost all turned to Google first to answer their
questions but would follow up with their provider if they still
had concerns:

I'll go on Google first. Then [if | don’t really
understand], I'll call my doctor. [FG3, C]

Women also saw their use of technology during pregnancy as
something unique to their generation.

Overal, Internet resources were used frequently and for avariety
of pregnancy-related informational needs. When asked to recall
a time when the Internet was used to look up things about
pregnancy, one woman responded: “Every day!” [FG2, B].
More specific situations women reported included searching
for different symptoms of pregnancy as well as baby-related
information. These findings were similar across focus groups.

Somewomen believed that finding information onlineled them
to read more, rather than less, about their pregnancy. For
example, one woman reported:

I’'m not a reader and | know this is going to sound
really strange...I read more on my phone, tablet, or

JMed Internet Res 2014 | vol. 16 | iss. 6 | €147 | p.123
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

laptop than | would a book or magazine or pamphlet.
[FG2, B]

The Internet also offered resources in media formats typically
not provided during prenatal care, yet desired by pregnant
women. For example, some women reported watching videos
of different types of births on the Internet. Another mother used
videos of the developing baby to engage her family in the
pregnancy: “| would show the kids the little video clips of the
baby developing. Those are really good videos’ [FG4, A]. In
additiontofilling information gaps for themselves, many of the
women reported using technology as away of connecting with
their partners on the pregnancy, particularly for first-time dads:

Then | get the emails [from a pregnancy tracking

website] ...and | forward themto my husband, so that

| feel like we're both synced on what is going on.

[FG1, D]
Social media also provided opportunities for most women to
learn about and share symptoms of pregnancy. Facebook,
Instagram, and blogswere al mentioned as sources of obtaining
information from others women who had similar experiences.
Additionally, these venues were frequently reported as ways of
sharing their personal pregnancy updates:

[ Facebook plug-in program] automatically posts on
your wall, so you don’t even have to worry about
it...it does it for you, like every week, and it shows
the progression of your baby. [FG1, D]

However, many women reported being cautious about how
much they shared on Facebook:

Some people share way too much...I put little things,
like ‘20 week check...everything was doing really
good'...I'mnot friends with 18,000 people. [FG2, C]

Overall, participants desired information, particularly early in
their pregnancy prior to prenatal care and sought it
independently through Google and other Internet applications.

Technology Had Limitations

Although all of the women in the focus groups reported using
technology sourcesfor pregnancy-related information, they did
recognize significant limitations with this approach. For
example, women reported needing to exercise caution when
searching about symptomsthey were having, to avoid receiving
inaccurate information:

Sometimes you can Google something, like when |
was having my round ligament pain for the first
time...somethingsthat came up wereterrifying...you
want to go to the ER right away! You definitely have
to be careful and smart about your Google searches.
[FGL, C]
Women reporting using the Internet required multiple searches
to find the specific information they were looking for:

| just add more keywords...or put my quotes in
there.. just a more specific, more refined search. And
thenit usually hasa better answer. * Cause sometimes
when you're just searching something, you just put
inavery simple general description of what you want

http://www.jmir.org/2014/6/e147/
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to search and it brings up all these different things.
[FG1, C]

Most women reported using a smartphone application to help
keep track of their pregnancy progress, but that had significant
limitations as well. For example, some women tracked their
weight gain during pregnancy through asmartphone application,
but when they found that they were gaining too much weight,
there was no specific advice given to help women achieve
weight gain goals:

The weight tracker | used...l stopped using it. It tells
you where you should be [with weight gain], but it
doesn’'t make any sense. It says thisis ‘you’ and this
is where you should be, but what do | do [to get
there] ? [FG2, E]]
Another woman echoed that simply tracking weight datawithout
useful feedback on how to stay on track was unhelpful:

It'slike Google maps...saying you' re supposed to get
there, but it doesn't give you directions [on how to
get there] [FG2, D]

Other noted limitations included lacking afood diary to record
what women eat.

Even though participants reported widespread use of technology
sources for finding and sharing pregnancy-related information,
they identified significant limitations leading some women to
avoid using technology all together.

Discussion

Principal Findings

Our results suggest that women use the Internet and other
sources of technology frequently during pregnancy in part
because the current prenatal care visit structure does not allow
women to seek advice when they want it the most, and thusis
not patient-centered. Our findings echo those of aglobal study
by Lagan and colleagues, who concluded that “the use of the
Internet by pregnant women to seek health information and
advice suggests a lack of information available from health
professionals’ [8]. National efforts to provide patient-centered
care, described by the Institute of Medicine (IOM) as health
care that is both respectful and responsive to a patient’s needs,
preferences, and values, have begun in primary care with the
creation of the Patient-Centered Medical Home [9]. As one of
the most frequently used preventive health care servicesin the
United States, prenatal care has not yet experienced a similar
overhaul.

Given the lack of evidence on how prenatal care should ideally
be delivered, the traditional model for prenatal care delivery in
the United States has changed little over the last century and
has been described as more “ritualistic than rational” [10-13].
The prenatal care visit structure typically starts with an initial
prenatal visit (usualy no earlier than 8 weeks of pregnancy),
followed by infrequent visitsuntil the third trimester. The more
frequent visits toward the end of pregnancy support increased
surveillance for signs of preeclampsiaand preterm birth, which
can change rather rapidly later in pregnancy. However, the
importance of healthy behaviors during pregnancy isnow better
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appreciated, especially in the presence of chronic disease (eg,
diabetes, obesity, and hypertension) and detrimental health
habits (eg, smoking alcohol use, nutritional) that require
management as early as possible [14], preferably prior to
conception.

Perhaps moving in the opposite direction, interventions have
attempted to modify the current prenatal visit structure by
actually reducing the number of visits[15,16]. A meta-analysis
of seven trias with 60,724 women found that, despite no
increase in adverse health outcomes, women wereless satisfied
with their care when the number of prenatal visits was reduced
[10]. Further efforts to disseminate novel prenatal care
approaches should demonstrate improved patient satisfaction
aswell aseffectiveness asachallenger to the status quo, despite
alack of demonstrated effectiveness of traditional prenatal care
[11]. One such effort is “CenteringPregnancy”, a group visit
approach to prenatal care involving a care-provider physical
examination (similar to the traditional appointment) followed
by 90 minutes of a care provider-led educational group with
women at similar pregnancy stages[17]. Although the prenatal
care visit number is unchanged in CenteringPregnancy, the
longer visits offer significant opportunity for information
exchange and increased patient-centeredness and satisfaction.

Largely dueto the lack of patient-centerednessin prenatal care,
pregnant women in our study turned to technology for timely
answers to their questions. This change appears to represent a
generational shift compared to years prior, with women now
using the Internet more and finding it to be more useful than
family and friends [1]. Unlike their mothers, women in our
study tended to ask “Dr. Google” first when investigating
pregnhancy questions, ranging from determining if they are
pregnant, the etiol ogies of abdominal pain, and different birthing
methods. Although most women utilized Internet resources,
many commented on the challenges of finding reliable
information that was helpful, instead of scary. Further, most
women in our study used the Internet before contacting their
prenatal care provider. Despite this extensive use of online
resources, it isimportant that women still feel they can contact
their provider for questions that remain.

Although technology use is widespread, online resources have
significant limitations in meeting the informational needs for
pregnant women. Importantly, there is a nearly complete lack
of interaction between online resources and medica care.
Kaimal and colleaguesfound in their study of online resources
for obstetricsthat fewer than 4% of websiteswere created and/or
sponsored by physicians[6]. Thissuggeststhat the vast majority
of online resourceswomen utilize may be created in the absence
of expert knowledge. Asaresult, significant skills are required
by users to navigate the Internet for useful information.
Internet-based tools may help improve access to
pregnancy-related information; however, the benefit may be
limited in certain populations due to lower rates of eHealth
literacy, defined as “the ability to seek, find, understand, and
appraise health information from electronic sources and apply
the knowledge gained to addressing or solving ahealth problem”
[18]. A recent study by Neter and Brainin found that eHealth
literacy was higher among younger, more educated adults and
that those with higher eHealth literacy were morelikely to have
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positive outcomes from the information searched (ie, greater
gains in health behaviors and positive interactions with their
health care provider) [ 19]. Pregnant women tend to be younger,
but those with lower socioeconomic status, such as the women
in our study, may not derive equal benefit from these resources.
Further research is necessary to determine how best to design
technology to better serve this population.

However, this also presents a tremendous opportunity for
medical systems to leverage the technology already available
as well as further developing appropriate connections with
medical expertise. For example, all of the women in our study
used a pregnancy application to track their pregnancy. The
limitations of these applications could easily be met by
integrating evidence-based information from medical experts,
such as including a discussion of the IOM’s guidelines for
appropriate gestational weight gain instead of simply tracking
weight gain.

Fortunately, women may be discussing questionable Internet
information with their health care provider. Lagan and
colleagues studied 303 midwives to assess their understanding
of their patients’ use of the Internet and found that most (86%)
had experienced a pregnant woman discussing information from
the Internet with them in the past year [20]. Unfortunately, care
providers may not be able to systematically evaluate such
information: only 15% of midwivesin Lagan’s study were aware
of and able to describe indicators for quality online health
information evaluation [20].

Study Strengths and Limitations

Our study has severa strengths. First, the role technology plays
during pregnancy hasbeen minimally explored intheliterature,
despite the growing use of technology. Additionaly, to our
knowledge, this is the only qualitative study investigating
technology’s role in pregnancy for women enrolled in WIC, a
health disparate population at greater risk for pregnancy
complications. Our study also has limitations, including the
recruitment of a convenience sample of volunteer pregnant
women enrolled in WIC in Central Pennsylvania. As a result,
volunteer bias is likely. Further, this population may be
significantly different from women with higher socioeconomic
status who experience fewer barriers to care access and may
have different sources of information support. Therefore, our
results may not be generalizable to pregnant women's
experiences in other settings. However, given the ubiquity of
the Internet and largely standardized approach to prenatal care,
we expect these results will be useful across the country. In
addition, this study did not aim to compare technology with
other information sources pregnant women use. Further
qualitative and quantitative research on this topic is necessary
in alarge, more diverse group of women.

Conclusions

Our results suggest several important next steps. Given how
critical patient-provider communication is to the therapeutic
relationship, the Internet should be considered by more providers
asaforum for both dissemination of evidence-based education
information and integration into the prenatal care structure.
Importantly, none of the women in our study mentioned
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receiving online resources from their prenatal care provider,
although it is established that providers are aware of and perhaps
have even created such resources for their patients. Greater
efforts are necessary to connect women with such resources,
particularly early in pregnancy and prior to initiating prenatal
care. For example, letting women know of reliable online
resources when they first call in for an appointment to be

Kraschnewski et al

technology is increasing in importance for pregnant women,
understanding how best to leverage existing resources to
facilitate healthy pregnancieswill be necessary to meet women's
informational needs. Future steps may include developing
interventions to help health care providers assist patients early
in pregnancy seek theinformation they want and become better
consumers of Internet-based pregnancy resources.

scheduled weeks away may be useful. Further, as the role of
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Abstract

Background: Lower socioeconomic strata (SES) populations have higher chronic disease risks. Smartphone-based interventions
can support adoption of health behaviorsthat may, in turn, reduce the risks of type 2 diabetes-related complications, overcoming
the obstacles that some patients may have with regular clinical contact (eg, shiftwork, travel difficulties, miscommunication).

Objective: Theintent of the study wasto develop and test asmartphone-assi sted intervention that improves behavioral management
of type 2 diabetesin an ethnically diverse, lower SES population within an urban community health setting.

Methods: This single-arm pilot study assessed a smartphone application developed with investigator assistance and delivered
by health coaches. Participants were recruited from the Black Creek Community Health Centrein Toronto and had minimal prior
experience with smartphones.

Results: A total of 21 subjects consented and 19 participants completed the 6-month trial; 12 had baseline glycosylated hemoglobin
(HbA1c) levels >7.0% and these subjects demonstrated a mean reduction of 0.43% (SD 0.63) (P<.05) with minimal changesin
medication.

Conclusions: This project supported the feasibility of smartphone-based health coaching for individuals from lower SES with
minimal prior smartphone experience.

(J Med Internet Res 2014;16(6):€149) doi:10.2196/jmir.3180
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Introduction

Background

A consensus of medical professionalsand academic researchers
indicates that type 2 diabetes mellitus (T2DM) is a chronic
condition that progresses to more debilitating complications if
certain unhealthy behaviors persist [1]. Regular exercise
conversely prevents deteriorating health and disease onset [2]
and has measurable benefits for T2DM-diagnosed populations
[3,4]. Because high carbohydrate diets increase risks for
diabetes-related complications due to chronic hyperglycemia,
dietary modification can aso result in risk reductions [5]. The
adoption of optimal health behaviors in those diagnosed with
T2DM requires behavior change and support for diabetic
individualsfrom lower socioeconomic strata (SES) isespecially
important as this population confronts additional challengesin
maintaining good health [6]. Data from the Canadian Healthy
Community Survey (2005) suggest individualsfrom the lowest
income group are over four times more likely to have T2DM
[7]. Furthermore, education and personal wealth variables,
typically viewed as SES proxies, are the strongest predictors of
premature death associated with T2DM [8]. Despite recent
surges of interest in disease incidence related to SES, little
attention has been paid to urban, low SES immigrant/minority
groups. Asour experienceindicates, theseindividuals are often
less willing to volunteer for research and are less reliable
subjectsafter enrollment. Thisismainly related to the competing
demands they confront and the lack of flexibility in their
working conditions.

Health coaches promote adoption and maintenance of health
behaviors, using validated theoretical frameworks (eg,
motivational interviewing [9] and cognitive behavioral therapy
[1Q]). Health coaches primarily focus on helping patients define
and attain personal goals and discover intrinsic health-oriented
motivations [11]. Recent trias involving health coaching in
chronic disease demonstrate positive gains for patients, such as
increased exercise and medication adherence[11,12], improved
psychological functioning [11], and more positiveillness-coping
strategies [11].

Mobile technol ogies complement health coaching by enabling
patients and coaches to maintain multiple channels of contact
viaremote monitoring, voice, and text message communications.
The use of mobile phones potentially provides unprecedented
precision in supporting health-related behavior sinceit facilitates
responses to immediate needs and serves to maintain
communication consistency. Once an individual decides on the
intensity, frequency, and duration of contacts with the health
coach, it is possible to detect non-adherence lapses quickly to
the point where supportive-corrective responses can be provided
while the non-adherent pattern is still unfolding. Reminder and
reinforcement messages of different types can be sent to patients
a any hour of day or evening, enabling interactions that
purposefully blend with the patient’s daily lifestyle.

Remote monitoring has been associated in numerous controlled
studies with significant benefits in improving blood pressure
and blood glucose regulation [13-16], exercise adherence [17],
and dietary control [18,19]. Mobile technologies enable

http://www.jmir.org/2014/6/e149/
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immediate and inexpensive communication with patients,
exemplified in the use of text messages (SMS) to boost
medication adherence and decrease viral load in HIV-positive
Kenyan populations [20], and to deliver supportive SMS to
patients at risk for developing type 2 diabetes [21], and have
demonstrated results with a variety of other chronic medical
conditions [22].

NexJ Connected Health and Wellness Platform
(CHWP)

The Connected Health and Wellness Platform (CHWP) Health
Coach app isdesigned to support multi-channel communications
between clients and health coaches and supportive family
members. The app was collaboratively designed by software
developers (NexJ Systems Inc.) and study investigators to
support participants in electronically tracking health behaviors
(eg, exercise, diet, stressreduction practices) and self-monitoring
health data (eg, blood glucose, blood pressure, mood, pain,
energy). Provider-client communications require two-way,
certificate-based authentication and passwords stored in
encrypted columns, with entered data recalled by client and
health coach through a secure online portal.

Methods

Study Design

Thisexperimental pre/post, single-armtrial assessed a24-week
intervention where interactions in person, by phone, and by
smartphone (eg, secure messaging, email) with apersonal health
coach supported adoption of and adherence to self-generated
health-behavior change goals. The primary study outcome was
glycosylated hemoglobin (HbA 1c) assessed at baseline and 24
weeks. HbA1c is a clinical indicator of glucose regulation
correlated with debilitating and costly diabetic complications.
Theclinical goal for self-management of diabetesisan HbA1lc
of 7.0% or less, athough further reductions are preferred.
Interventions that reduce HbA1c in elevated risk populations
are of significant value in diabetes care.

Health Coaching I ntervention

The health coach intervention was carried out by a graduate
student trained in behavior change techniques. After obtaining
informed consent and collecting demographic information,
baselinelab reports, and psychometric measures, the participants
and the hedlth coach communicated about eating, physical
activity petterns, and overall health goals. Wellness plans were
collaboratively created in multiple interactions focused on
exerciseinstruction and reviews of €l ectronic monitoring entries,
with diet and medication guidelines set by primary care
physicians and dieticians.

Recruitment

Participants were recruited at the Black Creek Community
Health Centre in Toronto, Ontario, Canada. Recruitment was
through health care provider referral and poster advertising.
Eligible participants were patients over 18 yearsold, diagnosed
with type 2 diabetes, and able to read and speak English.
Participants were excluded if their baseline HbA 1c was greater
than 9.5%. All study procedures were approved by the York
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University Human Participants Research Committee and
participants signed an informed consent.

NexJ Health Coach App Access

All clients were given access to the custom smartphone app,
Health Coach, on a loaned Blackberry Curve 8900 with full
data access for the duration of the trial (n=19), unless they
possessed a smartphone (n=2).

App Feedback and Development

Research staff collected participant experience with version 1.0
of the Health Coach app, reporting errors and overall feedback.
Feedback was organized and rel ayed back to the software design
team as described in Figure 1.

Wayne & Ritvo

Asthe Health Coach app was version 1.0, periodic malfunctions
hindered client communications during the trial. Due to the
close relationship between the health coach and software
production team, the feedback and user experience was
communicated as received, resulting in upgrades installed on
the server at frequent intervals. This feedback loop led to
significant improvements in the software throughout the trial.
Some of the most important modifications included
user-interface enhancements, general usability, and solution of
software instability issues. Screenshots of the mobile phone app
with an explanation of the various trackers and functions are
found in Figures 2-11.

Figure 1. Softwareimprovement cycle. Feedback loop conveys user experience and smartphone software redesign.

Software (App) is re-designed

/ in response to user feedback \

Health Coach meets
with software engineers
to convey feedback &
suggest modifications

AN

Participant reports

Software exposure to
participants by health coach
on smartphone provided

experience

using App to health coach

which is recorded in detail

Figure 2. Exercise Tracker is designed to easily track multiple exercise modalities. Users can log duration of exercise, rate perceived intensity (light,

moderate, vigorous), and enter additional text comments.
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Figure 3. Food Tracker automatically triggers the smartphone’s camera, enabling photo capture of meals. Users can subjectively rate food portion
(small, moderate, large), source (home-made, packaged, restaurant served), and healthiness (not so healthy, moderately healthy, very healthy).
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Figure 4. Satisfaction survey: at a customizable timeframe (usually 20 minutes), the program prompts for reports on satiety level (not enough, just

right, too full).
(! Food Satisfaction

Feel great after a nutritous
lunch
o= e

Figure 5. Blood Glucose Tracker: Clients enter blood glucose level and comments on readings.

= Blood Glucose €

Blood Glucose 6 . 1 mmol/L¥

28 Jul 2010 17:44

Figure6. Mood Tracker: Clientsenter “How They Feel” using asimple 5-pt scale: | feel (great, very good, good, bad, very bad) and comment on entry,

which is time-stamped.
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| feel great
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Pumped up after a great breakfast with some old
friends]
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Figure 7. Weight Tracker: Clients enter weight and enter comments on the reading.
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Figure 8. Pain Tracker: Clients can enter subjective pain ratings using a 5-pt scale: pain level is (none, mild, moderate, severe, very severe).
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A real bad migraine headache|
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Figure 9. Blood Pressure Tracker: Clients enter blood pressure including systolic, diastolic, and heart rate and are able to comment on the reading.
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Figure 10. Messaging allows for two-way secure messaging between participant and health coach who can selectively promote healthy choices at
pivotal times of client decision-making, providing support immediately after healthy behaviors have been logged, and/or addressing questions and/or

sending relevant materials.

® Guide to Eating Well

From Lar

Parker, To Mrs. Michelle Gibson

Hi Michelle,

Thanks,
Larry

Please find attached two food guides. They
are recommended by Health Canada and I've
found them very helpful!

Sent by Larry Parker on Dec 14,2010

hanks Larry!

9Send

Figure 11. Reminders: The trackers use employ aarm-type entry reminders, which provide convenient ways to prompt clients to engage in health
behaviors like exercise, dietary modifications, stress reduction, and self-reported mood. Reminders can be turned on and off easily by health coach

and/or participant.

Reminders

E0n

9:00 AM v/
8:00 PM v
1:30 PM v

Statistical Analysis

Data was analyzed using SPSS (version 21.0, 2012, I1BM,
Chicago, IL). Descriptive statistics are reported (means and
standard deviations). Differencesin outcome variables (baseline
to 24 weeks) were analyzed using a paired samples t test.
Participants were split into groupings according to baseline
assessments (HbA1c>7.0% and HbA1c<7.0%). Significance
was set to P<.05.

Results

Of the 21 participants, final outcome variables were collected
for 19. The primary reason for missing data was primary care
physician failure to forward lab results (n=2).

http://www.jmir.org/2014/6/e149/

XSL-FO

RenderX

Demographics are summarized in Table 1. There was a mean
reduction of 0.28% (SD 0.57) (P=.05) found over the entire
sample. Since participant glucose control varied across optimal
levels at baseline, data was re-analyzed for those who began
the trial with sub-optimally managed glucose and those with
optimally managed glucose. A total of 12 participants started
the trial with sub-optimally managed glycemic control
(HbA1c=7.0% [Diabetes Control and Complications
Tria/DCCT method] or 53 mmol/mol [International Federation
of Clinical Chemistry/IFCC method]) and experienced agreater
mean reduction of 0.43% (SD 0.63) (P=.04) (see Table 2).
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Table 1. Demographic characteristics at baseline (n=21).

Characteristic n (%)
Age (years), mean (SD) 55.6 (12.3)
Sex
Male 9 (43%)
Female 12 (57%)
Marital status
Single 5 (24%)
Married or common law 14 (67%)
Widowed 2 (10%)
Children
Yes 18 (86%)
No 3 (14%)

Educational background

Less than high school 3 (14%)
Completed high school 4 (19%)
Some college/university 7 (33%)
College diploma 6 (29%)
University degree 1 (5%)
Employment
Full-time 12 (57%)
Part-time 2 (10%)
Not presently employed 7 (33%)
Ethno-cultural group
Hispanic 3 (14%)
African 3 (14%)
Caribbean 3 (14%)
South Asian 3 (14%)
Caucasian 9 (43%)
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Table 2. Changein outcomes of patients participating in the Health Coach intervention.

Outcome n Baseline, Post, Mean change, P value
mean (SD) mean (SD) mean (SD)
Entire sample
HbA1c? (%) 19  7.58(113) 7.31(0.95) -0.28 (0.57) .05
Weight (kg) 14  94.6(16.8) 93.2 (15.8) -1.3(L9) .02
BMIP 13 34.4(55) 33.9(5.3) -0.4(0.7) .05
Waist circumference (cm) 11 109.4 (16.1) 112.1 (16.1) 2.7 (4.3 .06
Basdline A1c27.0%
HbA1c (%) 12 8.26(0.80) 7.83(0.78) -0.43 (0.63) 04
Weight (kg) 9 100.1 (18.0) 98.1(17.1) -1.9(L7) .01
BMI 8 36.2 (5.8) 35.6 (5.7) -0.7(0.7) 37
Waist circumference (cm) 7 114.4 (17.2) 116.5 (16.4) 2.1(5.3) .33
Basdline A1c<7.0%
HbA1c (%) 7 6.43 (0.39) 6.41 (0.38) -0.01(0.32) 91
Weight (kg) 5 84.6 (8.7) 84.4(8.8) -0.2(1.8) .81
BMI 5 314 (3.7) 31.3(3.8) -0.1(0.7) .80
Waist circumference (cm) 4 100.6 (11.0) 104.4 (10.0) 3.8(1.6) .02

8HbA1c: hemoglobin Alc (glycosylated hemoglobin)
bBMmI: body mass index

Discussion

Principal Results

Inthistrial, patients with arange of glucose regulation efficacy
wererecruited to pilot asmartphone-based mobile software app
and persona health coach program. Given the objective of
demonstrating intervention efficacy in poorly managed diabetic
clients, our analysis focused on subjects with a baseline
HbA1c>7.0% (53 mmol/mol). These participants, who started
at a poorly managed level, showed a mean reduction of 0.43%
(SD 0.63) (P=.04), demonstrating the potential clinical relevance
of theintervention.

Socioeconomic Strata and I ntervention Applicability

Lower SES populations often have difficulty navigating and
accessing the health care system [23] to a degree where SES
appears to be the best predictor of health status in Canada and
the United States[24,25], with SES-related factors manifesting
as substantial barriers to the health of many Canadians. This
intervention attempted to address some of these issues by
engaging participants in a health coaching relationship to
overcome accessibility barriers. During the course of the
intervention, it was observed that participants were sometimes
prevented from attending appointments with their health care
team due to familial obligations and work obligations (mainly
shift work). With low workplace flexibility, when work had to
be interrupted to attend a health care session, losing out on the
day’s pay was a significant obstacle. The intervention reduced
thisbarrier by providing 24-hour electronic accessto the health
coach, enabling participants to initiate communication when
possible and convenient.

http://www.jmir.org/2014/6/e149/

Of our study sample, 34% completed either a college or
university degree, compared to the 59% of Ontario’s population
(and 53% of Canada’s population) who have a university or
college level designation [26]. Education is a commonly used
proxy of socioeconomic strata, but educated immigrants to
Canadaare frequently unableto work intheir former disciplines
at their achieved educational levels due to domestic policies
[27]. The intervention demonstrated the effectiveness of a
personalized, electronically assisted health coaching intervention
in an underserved population that is not typically the focus of
technology-assisted health research. Most participants (n=19)
did not own asmartphone and were loaned adevicefor thetrial
duration. Nonetheless, as the costs of mobile technology
decrease, mobile technology interventionswill be increasingly
feasible and useful at all SES levels.

From Single-Arm Pilot to Randomized Controlled
Trial

The pilot study was intended to generate results guiding the
eventual design of arandomized controlledtrial (RCT). Severa
points of guidance were readily apparent. First, the lower SES
participants, according to our pilot experience, would not likely
sustain participation if they perceived that randomization to the
control group resulted in an inferior intervention. Thiswas due
to generic participation obstacles, especially taking time out of
inflexible work schedules to attend assessment sessions. This
observation combined with our interest in seeing what additional
benefits were attributable to health coaching with the
smartphone software vs health coaching alone. Accordingly,
the heath coaching intervention was designed to be
fundamentally equivalent across comparison arms except for
use of the smartphone plus software in the experimental group.
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Second, our experience with primary care providers involved
their inconsistent provision of HbA1c tests. Accordingly, we
have ensured a point-of-care HbA1c Anayzer is available (via
finger-prick Alc blood samples) throughout the current RCT.

Limitations

This pilot study enrolled a small convenience sample with no
control group, limiting the generalizability of intervention
results. Throughout the pilot trial, temporary software
malfunctions and upgrades inevitably resulted in service
disruptions. Although participants could directly log healthy
behaviorsviasmartphone, their self-report could befalsified or
exaggerated. Future studies can employ Bluetooth connected
technology (ie, glucometers, accelerometers) to omit some
self-report biases. To more rigoroudy assess intervention
efficacy, the RCT now in the field is being undertaken with
stabilized, consistently functional software. The goal isto assess
whether health coaching without vs with the use of the
smartphone software is equivalent (or non-inferior). In order to
address this question, subjects were randomly allocated to
experimental and control groups and the same coaches delivered
health coaching in both arms. This approach aims to better
understand which intervention features are most important to
effective intervention. We understand that there are limitations
to this assessment approach but it represents an important step
in investigating these interventions.
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Comparison With Prior Work

The most comparable intervention isthe WellDoc diabetestrial
[28-30] in which 26 primary health practices were randomized
to provide one of four possible health coach intervention options
to their patients. Across participating practices, 163 patients
were intervened with intensities ranging from usual careto use
of smartphone-assisted health coaching. Investigators found
significant decreases in HbA1c in the highest intensity group.
In that trial, participants on Medicaid and Medicare and those
without health insurance were excluded. Our trial specifically
targets individuals from a lower-resource sector of a large
Canadian city, most of whom would have been excluded from
the WellDoc trial. Since the association between type 2 diabetes
and poverty has been well demonstrated [6,7,8], our interests
focus on interventions that serve people of all SES and have
demonstrated efficacy with subjects from lower SES.

Conclusions

Asmobile technology becomes more accessible, electronically
assisted health coaching may emerge as a viable and effective
means of managing chronic conditionsthrough improved health
behaviors across all SES. To help understand what parts of the
intervention were responsible for changes in behavior (health
coaching, remote monitoring), the RCT currently being
conducted will assess the effectiveness of health coaching in
type 2 diabetic patients both with and without the use of
smartphone technology at multiple sites with diverse
populations.
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Abstract

Background: Mass gatherings, such as music festivals and religious events, pose a health care challenge because of the risk of
transmission of communicable diseases. This is exacerbated by the fact that participants disperse soon after the gathering,
potentially spreading disease within their communities. The dispersion of participants also poses a challenge for traditional
surveillance methods. The ubiquitous use of the Internet may enable the detection of disease outbreaks through analysis of data
generated by users during events and shortly thereafter.

Objective: The intent of the study was to develop algorithms that can alert to possible outbreaks of communicable diseases
from Internet data, specifically Twitter and search engine queries.

Methods: We extracted all Twitter postings and queries made to the Bing search engine by users who repeatedly mentioned
one of nine magjor music festivals held in the United Kingdom and one religious event (the Hajj in Mecca) during 2012, for a
period of 30 days and after each festival. We analyzed these data using three methods, two of which compared words associated
with disease symptoms before and after the time of the festival, and one that compared the frequency of these words with those
of other usersin the United Kingdom in the days following the festivals.

Results: The data comprised, on average, 7.5 million tweets made by 12,163 users, and 32,143 queries made by 1756 users
from each festival. Our methodsindicated the statistically significant appearance of adisease symptom in two of the ninefestivals.
For example, cough was detected at higher than expected levelsfollowing the Wakestock festival. Statistically significant agreement
(chi-sguare test, P<.01) between methods and across data sources was found where a statistically significant symptom was
detected. Anecdotal evidence suggests that symptoms detected are indeed indicative of a disease that some users attributed to
being at the festival.

Conclusions: Our work shows the feasibility of creating a public health surveillance system for mass gatherings based on
Internet data. The use of multiple data sources and analysis methods was found to be advantageous for rejecting fal se positives.
Further studies are required in order to validate our findings with data from public health authorities.

(J Med Internet Res 2014;16(6):€154) doi:10.2196/jmir.3156
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Introduction

Background

Historically, infectious diseases have devastated societies.
Examplesincludethe*“Black Death” bubonic plague of the 14th
century in which between 30-40% of Europe’s population is
estimated to have died [1], and the influenza epidemic of
1918-1920, in which as many as 50 million are estimated to
have died [2]. Despite very significant advances in medicine,
infectious diseases remain potentialy very serious threats to
society. For example, a pandemic influenza is rated as the
greatest national risk on the UK government risk register [3].
An estimated 35.3 million people are HIV-infected [4],
drug-resistant Methicillin-resistant Saphylococcus aureus
(MRSA) isamajor public health concern [5], about 2 million
cases of cancer are caused by infections each year [6], and
infection is a major source of morbidity in primary care [7].
Moreover, emerging new infections, such as HIN1 influenza,
can cause pandemics, spreading rapidly and unpredictably. Early
diagnosticsplay acrucia rolein prevention, treatment, and care
but most tests require samplesto be sent to specialist laboratories
leading to inherent delays between tests, results, and clinical
interventions. Public health intervention may be further delayed
by the time lag of 1-2 weeks associated with retrospective
surveillance. There are increasing national and international
driversto dramatically improve our capacity to rapidly respond
to infectious diseases by widening accessto testsin community
settings and drive innovative real-time surveillance

Protection against infecti ous di seases includes the devel opment
of new medicines, vaccination programs, improved hygiene,
and promotion of behaviora modifications. While together
these efforts may reduce the risk of infectious diseases, the risk
cannot be eliminated. Consequently, infectious disease
surveillance networks at national and international levels have
been established. The purpose of public health surveillance
networksisto provide“ Ongoing systematic collection, analysis,
interpretation and dissemination of data regarding a
health-related event for use in public health action to reduce
morbidity and mortality and to improve health” [8].

The most reliable sources of datafor public health surveillance
networks are confirmed diagnoses of diseases. Unfortunately,
confirming adiagnosis may take days or weeks, dueto avariety
of delaysincluding (1) timeto ship apatient sampleto atesting
laboratory, (2) time to perform the test, and (3) time to report
the results.

Delaysin identifying the onset of an infectious epidemic result
in delayed responses, which can significantly exacerbate the
impact of the epidemic on a society. Consequently, there is
strong interest in reducing delays. One way to accomplish this
is through syndromic surveillance, which emphasizes “the use
of near ‘real-time data and automated tools to detect and
characterize unusual activity for further public heath
investigation” [9]. There is arange of pre-diagnostic data that
can and has been used, including clinical data such as nurse
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advice line activity, school nurse visits, poison control center
data, EMS records, emergency department visits, outpatient
records, laboratory/radiology orders and results, prescription
medication sales, and el ectronic health records, and non-clinical
data such as over-the-counter (OTC) medications, work and
school absenteei sm records, ambulance dispatch data, zoonotic
surveillance data (eg, dead birds from West Nile virus activity),
health-related Web searches, and other data from online social
networks.

The use of syndromic surveillance systems dates back to at | east
1977, when Welliver et a [10] reported the use of OTC
medication salesin Los Angeles. The early 2000s saw renewed
interest in syndromic surveillance as aresult of a US Defense
Advanced Research Projects Agency (DARPA) initiative called
ENCOM PASS (ENhanced COnseguence Management Planning
And Support System) to provide an early warning system to
protect against bioterrorism. Asearly as 2001, it was suggested
to use query logs associated with health care websites as one
form of syndromic data [11]. The advantage of online data
sourcesisthat the data collectionisusualy straightforward and
very timely, that is, the lag between data creation, collection,
and analysis can be very short (possibly seconds). We are
therefore interested in online syndromic surveillance, which is
discussed in more detail in the next section.

The World Health Organization (WHO) statesthat “an organized
or unplanned event can be classified as a mass gathering if the
number of people attending is sufficient to strain the planning
and response resources of the community, state, or nation
hosting the event” [12]. Examples of mass gatherings include
very large religious gatherings such as the Hgjj (approximately
2 million people) and the Hindu Kumbh Mela (estimated at
80-100 million people), largeinternational sporting eventssuch
as the Olympics, and national music festivals such as
Glastonbury in the United Kingdom. Mass gatherings have been
sources for the spread of infectious diseases. The spread of
cholera from a well in Mecca was documented as far back as
1883 [13]. More recently, during the 1992 Glastonbury music
festival attended by 70,000 people in the United Kingdom, 72
cases of Campylobacter infection were reported dueto drinking
unpasteurized milk [14]. In 2009, [15] reported an outbreak of
H1N1 influenzaat the Rock Werchter festival in Belgium. Also
in 2009, [16] reported outbreaks of HIN1 influenza at a sports
event and at amusic festival, called EXIT, where 62 confirmed
cases were identified. In the same year, a further case was
reported at amusic festival in Hungary [17]. Theissue of mass
gatherings, medicine, and global health security was the subject
of aseries of reportsin The Lancet in 2012.

In the next section, we provide a discussion of prior work on
syndromic surveillance based on online social networks and
search engine query logs.

Related Work

In 2001, Wagner et al [11] first suggested the utility of query
termsto detect infectious diseases. In particular, they presented
data on the number of queries to a health website (WebMD)
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using words such as “cold” and “flu”. Though no quantitative
assessment was provided, qualitatively a correlation is visible
between the query frequency and measures of infectious disease.
A related quantitative analysis was documented in subsequent
work [18], which took “the weekly counts of the number of
accesses of selected influenza-related articles on the Healthlink
website and measured their correlation with traditional influenza
surveillance data from the Centers for Disease Control and
Prevention (CDC)”. The results showed a clear correlation;
however, interestingly, the Web log data was no more timely
than that of the CDC, that is, the Web log data did not allow an
influenza outbreak to be detected any sooner than with
traditional surveillance methods.

Later, Eysenbach [19] used information from Google's AdSense
toindirectly estimate the number of queriesfor particular search
termsthat contained keywords related to influenza. Specifically,
Eysenbach reported correl ations between the “ number of clicks
on akeyword-triggered influenzalink” and traditional measures
such as (1) the number of lab tests, and (2) the number of
positive lab test results (cases). Pearson correlation scores of
between .85 and .91 are reported. Interestingly, the higher
correl ation score was obtai ned when correl ating with the number
of cases reported for the next week, indicating the Web-based
information was more timely.

A number of systems have been devel oped to gather and analyze
unstructured information that is openly available on the Web.
The earliest example of thisis Global Public Health Intelligence
Network (GPHIN) devel oped by the Canadian government and
the WHO [20]. A number of systems have subsequently been
deployed, including BioCaster [21,22], EpiSPIDER [23], and
HealthMap [24,25]. Comparisons of these various systems can
be found in [26,27].

Interest in Web-based surveillance increased significantly with
the publication by Polgreen et al [28] and Ginsberg et a [29]
of relationships between query search terms and influenza-like
illness (IL1) based on Yahoo and Google search logs,
respectively. Polgreen et a showed that it was possible to
estimate the percentage of positive cultures for influenza and
the deaths attributable to pneumoniaand influenzain the United
States, and to do so several weeks ahead of actua cultureresults.
Ginsberg et a reported similar findings. A further contribution
of [29] was to automatically determine the best set of query
search terms that correlate with CDC estimates. The work by
Ginsberg et a has subsequently been devel oped as Google Flu
Trends and its more generic service, Google Trends [30].

A large body of research has since been devel oped that utilizes
data from online social network or query logs to infer health
information. This includes work on mining blog posts that
mention influenza. For example, Corley et a [31,32] describe
collecting blogs from a variety of sources and looking for the
frequency of occurrence of keywords such as“influenza’. After
normalization, they reported Pearson correlation scores of .77
and .55 for two datasets with corresponding ILI reports from
the CDC (CDC ILINet reports). This work also discusses the
possibility of identifying relevant online communities and
developing associated targeted intervention strategies.

http://www.jmir.org/2014/6/e154/
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The analysis of microblogging data from Twitter for health
purposes has recently received attention [33-40]. Inspired by
the approach in Ginsberg et al [29], Cullota et al [35] appliesa
similar approach to Twitter datarevealing the benefits of having
longer, more complete messages as opposed to unstructured
search query entries. This allows for simpler classification
algorithms that can also filter out many of the erroneous
messages that typically occur and would sometimes overwhelm
the classifier predictions [38]. Lampos and Cristianini [33,34]
performed an analysis of tracking influenza rates throughout
the United Kingdom. Their major contribution to the existing
regression-based models was proposing a hew automatic way
of selecting the keywords used by the classifier. These were
learned from a large pool of candidates extracted from Web
articles related to influenza, imposing a scarcity constraint via
an L1 norm penalty in the least squares prediction error. This
method yielded a correl ation of 97% with respect to the reported
influenza rates. Unfortunately, the proposed way of
automatically building the vocabulary is based solely on
correlation and sometimes produces termsthat, although highly
correlated with the flu trends, may not make good candidates
to track for future predictions: for instance, automatically
selected keywords “phone”, “nation”, or “mention” might not
be good indicators of the presence of ILI conditions.

Methods

Data

We examined 10 events, nine of which were in the United
Kingdom and one (the annual Hajj in Mecca) that had significant
participation from people in the United Kingdom. All events
took place in the second half of 2012.

We extracted two datasets for each event, one from the entire
set of Twitter users and the other from that of the Microsoft
Bing search engine. The population of Twitter users relevant
to an event was defined as any user who mentioned a hashtag
associated with an event at least twice between 30 days before
and 30 days after the event. We refer to the relevant users as
the target population. We also identified a population of users
who could be used as a reference population (see Analysis
Algorithms below) for each event by randomly sampling 1%
of users who did not mention the event in their Twitter
messages, but had the United Kingdom listed as their location
intheir profile. It comprised 345,849 users over the entire study
period. For each Twitter message, we extracted an anonymized
user identifier, the date and time of the message, and itstext.

Wefollowed asimilar methodology for detecting relevant users
according to queries made on the Bing search engine by users
who agreed to share their queries, and marked as relevant any
user who mentioned an event at least twicein their queries. For
each query made by the relevant users, we extracted the query
text, time and date, and an anonymized user identifier. In order
to maintain user privacy, datawere first anonymized by hashing,
before the investigators had access to them. They were then
aggregated prior to analysis and no individual -level user datum
was examined by the experimenters.
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On average, we identified approximately 14,000 Twitter users
and 5650 Bing users. The list of events and basic statistics
concerning the events are shown in Table 1, including the
number of Twitter users who mentioned the event more than
twice, the number of tweets that mentioned each event, the
number of users who queried for each event, and the number
of queries.

We extracted all queries and Twitter messages for the relevant
users from 30 days before an event until 30 days after it. The
gueries and messages were stemmed using a Porter stemmer
[41]. We then marked each query and Twitter message as to
whether it contained one or more words or phrases describing
medical symptomsgiveninalist of 195 medical symptomsand

Table 1. List of analyzed events and statistics.

Yom-Tov €t a

457 corresponding synonyms described in Yom-Tov and
Gabrilovich [42]. This list of terms was derived from a set of
termsin International Satistical Classification of Diseasesand
Related Health Problems, 10th Revision (ICD-10), expanded
to include waysin which non-specialist people frequently refer
to the medical terms. The expansion is based on terms that
people use in order to reach the Wikipedia page referring to a
medical symptom and the terms frequently associated with it
in Web documents. A complete explanation of how thelist was
constructed can be found in Yom-Tov and Gabrilovich [42].

A table listing the number of tweets that contained each of the
symptom words or their synonyms in each of the festivals
analyzed is provided in Multimedia Appendix 1.

Event Dates Capacity? Twitter Bing
Number of users  Number of festival ~ Number of users  Number of festival

mentions queries
Wakestock 6-8 July 10,000 3878 12,180 1177 3750
Wireless Festival 6-8 July 50,000 23,105 191,762 2309 6909
T inthe Park 6-8 July 85,000 24,746 175,881 11,899 44,416
V Festival 17-19 August 90,000 22,018 92,722 14,704 50,796
Bestival 6-9 September 30,000 13,359 104,550 6715 23,330
Creamfields 24-26 August 80,000 21,703 191,663 5533 19,071
Hajj 24-27 October 3,161,573 17,473 129,137 3402 13,892
Isle of Wight Festi-  22-24 June 60,000 6276 1398 4400 14,222
val
Download Festival ~ 8-10 June 120,000 9360 1497 4598 17,267
RockNess 8-10 June 35,000 12,935 1068 1764 6266
Median 70,000 15,416 98,636 4499 15,744

8Capacity information from Wikifestivals and Wikipedia websites.

Analysis Algorithms

Overview

We analyzed each dataset using three methods, described bel ow.
Briefly, Method 1 tests how well the probability of a word
occurring asafunction of timefitsalognormal distribution with
variance between 1.2 and 1.5, since thisis the epidemiological
distribution predicted in [43] for spread of infectious disease.
Method 2 compares the number of times a symptom was
mentioned before and after the date of an event, and uses a
statistical test based on the False Discovery Rate (FDR) to
determine significance. Method 3 computes the likelihood that
symptoms would be measured at an observed freguency in a
target population compared to what would be expected by
chance. All three methods are described in detail below.

Method 1. Comparison to Background With
Epidemiological Profile

Let P,(wt) be the probability that the i-th word will appear in
the target population on day t, where, in our data
t0[-30,-29,...,29,30]. Similarly, we denote P® (w;t) asthe same

http://www.jmir.org/2014/6/e154/

probability in the reference population, that is, in a population
that is digointed from the target population, but is located in a
similar geographic area.

We assume that if there is an epidemic of an infectious disease
in the population, users mention its symptomsin their text (eg,
Twitter messages). In that case, a word PT(wt) describing a
symptom of the disease should follow the appearance profile
of such adisease, which takesinto account itsincubation period.
This profile should fit alognormal distribution with avariance
of between 1.2 and 1.5 [43].

Thus, for each of the symptom words, we compute its
probability over time and normalize this by the same probability
for the reference population, in order to exclude diseases that
are unrelated to the event. Therefore, for each symptom word

(and its synonyms), we compute a score given by PT(wt)/
PRi (wt), and fit to it alognormal distribution with a center that

varies from the first day of the event and until 14 days later.
Theday onwhichthebest fit isfound (in the least squares sense)
is chosen to represent the distribution of this word.
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In order to ascertain if the fit of the distribution is statistically
significant, we employ the FDR procedure [44] and conduct
the same procedure for a random set of 1950 non-symptom
words (10 times larger than the symptom list) and display a
symptom only if its fit to the lognormal distribution is greater
than would be expected at an FDR of 1%.

This method should work well if there is alarge enough target
population to generate information pertaining to the epidemic
and should enable not only the identification of the outbreak
but also its temporal profile.

Yom-Tov €t a

Method 2: Comparison to Background and Time

Here, we follow Yom-Tov and Gabrilovich [42] and construct
a 2x2 contingency table that measures the number of times a
symptom was mentioned before and after the date of the event
(see Table 2 for an example), for either the target or reference
population. Each symptom is then scored according to the
chi-square score computed from the table.

A threshold for statistical significance is computed using FDR
[44] with a random set of non-symptom words. We report
symptoms with a chi-sguare score higher than that expected at
an FDR of 1%.

Table 2. The 2x2 contingency table for computing the chi-square score of Method 2.

Number of times that the user mentioned/queried for the User queried for or tweeted about the festival?

symptom or its synonym

No Yes
Before Day O N11 N12
After Day O N2q Noo

Method 3: What's Strange About Recent Events

Following the approach in [45] (What's Strange About Recent
Events [WSARE]), for each day after the mass gathering,
tO[1, ,30], we compute aone-term rule score for each symptom
in our vocabulary. The score is computed using a hypothesis
test in which the null hypothesis is the independence between
history records and current day counts. We apply the Fisher's
exact test on a 2x2 contingency table, as shown in Table 3,
made out of the current day’s symptom count and the number
of times the symptom was mentioned in the time prior to the
festivals.

The test generates a P value, given by P(x=K)=C(K, K)C(N-K,
n-K)/C(N, n), with C(n, k) being the binomial coefficient (“n
choose k") — C(n,K)=n!/k!(n-k)! and where k is the number of
tweets containing the keyword w; today, K is the number of
times the keyword w; was mentioned in the period before the
festival, n is the number of tweets today, and N is the number
of tweetsin the period before the festival.

Since we are computing a score for each day, we consider as
baseline the corresponding weekdaysin the 30-day time window
(ie, if the current day is Tuesday, we will look back to all
Tuesdaysin the time before the mass gathering and take that as
our history baseline). Thisis done primarily to eliminate false
detection due to periodic weekly trends in Twitter postings.

Table 3. The 2x2 contingency table (rule wj=1: tweet contains keyword w;) for Fisher’s exact test.

C history

C today
wj=1 # today tweets containing w;j, (k)2
w;j=0 # today tweets not mentioning wj, (n-k)

nC

# history tweets containing wi(K)b
# history tweets not mentioning w;j(N-K)

Nd

8: the number of tweets containing the keyword w; today.

bK: the number of timesthe keyword w; was mentioned in the period before the festival.

%h: the number of tweets today.
dN: the number of tweets in the period before the festival.

Results

As noted above, the target population was defined as any user
who tweeted a hashtag related to the event during the data
period. To validate this heuristic, arandom sample of 200 twitter
users who mentioned the Wakestock festival in their tweets
were analyzed. Their tweets were labeled as to whether or not
the tweets of a user implied that they were at the event. The
area under the receiver operating characteristic (ROC) curve
for thislabel as afunction of the number of tweets a user made

http://www.jmir.org/2014/6/e154/

that had the event hashtag was 0.91 and the true detection rate
at the threshold of two tweetswas 0.70. Therefore, the majority
of peoplewho were detected by our heuristic did, in fact, attend
thefestival. The remaining userseither did not attend the event,
and thus added noise to our analysis, or did not mention their
attendance in their tweets.

Table 4 shows the list of statistically significant symptoms (at
P<.01) identified in the Twitter data for each of the 10 events.
Several observations are in order. First, though most identified
symptoms are mild (eg, tired), in some events, the symptoms
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could be acausefor concern. For example, inthe Bestival event,
the symptom was “tremor”.

In only two of the events (Wakestock and V Festival) did all
three methods identify the same symptoms. Anecdotally, once
“cough” was identified as a possible symptom after the
Wakestock festival, we found tweets such as “anyone el se till
suffering from the wakestock cough? can’'t be only me”, which
were made by people who wereidentified as having been to the
festival, suggesting that this is a true symptom that was also
self-identified as due to the event. This, together with the fact
that it was identified by all three analysis methods, indicates
that this symptom isvery unlikely to be a spuriousfal se positive,
especialy asit wasidentified by making different comparisons
within the data (eg, target vs control population and before vs
after the event in the target population). Thus, the use of more
than one analysis method strengthens the analysis and reduces
the likelihood of false positives.

We tested the agreement between al pairs of analysis methods
for each of the events using a chi-square test at a threshold of
P=.01. Methods 2 and 3 had a statistically significant agreement
in six of the 10 events, Methods 1 and 3 in two of eight events
(two of the events had no identified symptoms), and Methods
1 and 2 in three of eight of the events. We also found a
statistically significant agreement between sources for three of
the events: Wakestock, V Festival, and T in the Park. The
agreement rate expected by chance, as computed using an FDR
procedure, is 5 of 1000 comparisons. Therefore, these

Yom-Tov €t a

agreements are much higher than expected by chance and lend
support to the hypothesis that the different methods identified
real signals, through alternative means.

Table 5 shows the list of statistically significant symptoms (at
P<.01) identified in the Bing datafor each of the 10 eventsusing
Method 2. We applied only this method because there was
insufficient daily activity in the Bing data to alow the
application of Methods 1 and 3. As this table shows, the
symptoms identified in the Bing data were potentially more
serious (eg, “diarrhed’ and “vomiting”) and also more personally
sensitive. This is probably because users tend to share more
sensitive information in anonymous media [46]. Thus, the use
of Bing datacomplements Twitter datain the kinds of symptoms
that areidentified. However, the rel ative sparseness of thisdata,
which is at least partly related to the number of Bing usersin
the United Kingdom, also means that not all methods are
applicabletoit.

In order to validate whether our methods might result in false
positive symptoms, we also applied our methods to an event
with a small physical footprint, but one that had significant
media attention. Specifically, we chose the opening of The
Shard building in London (the tallest building in the European
Union) on July 5, 2012. This event was mentioned by 2007
usersin 5553 tweets. No symptomswere reported at statistically
significant levels by any of these methods. This provides
evidence that when no symptoms exist, our methods will not
report spurious symptoms.

Table4. Statistically significant symptoms® from Twitter data for each event and three analysis methods.

Event Method 1 Method 2 Method 3
Wakestock Cough Cough Tired, cough
Wireless Festival None Tired, pain, tremor Tired, flatulence
T in the Park Tired Tired, pain, cough Tired, cough
V Festival Depression Tired, pain, depression Depression
Bestival None Tired, pain, tremor Tired, fever
Creamfields None Tired, pain, blindness None

Hajj Rash, wound Tired Tired

Isle of Wight Festival None Bleeding None
Download Festival None None None
RockNess None Phobia, swelling None

A\hen more than three symptoms were significant, only the top three are shown.
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Table5. Statistically significant symptoms® from Bing data for each event using Method 2.

Yom-Tov €t a

Event Method 2

Wakestock Pain

Wireless Festival Pain

T in the Park Wound, cough, diarrhea

V Festival Perspiration, edema, wound
Bestival Vomiting, diarrhea
Creamfields Wound, rash, itch

Hajj Fever, flatulence, pain

Isle of Wight Festival Headache, fever, flatulence

Download Festival

RockNess

Diarrhea, wound, headache

Fever

#N\hen more than three symptoms were significant, only the top three are shown.

Discussion

Principal Findings

Mass gatherings are potentially significant to the spread of
infectious diseases. However, traditional surveillance methods
are challenged by the fact the participants may congregate and
disperse very quickly. In this paper, we investigated whether
syndromic surveillance based on Twitter and query logs could
be used to monitor mass gatherings.

We looked at nine music festivals that took place in the United
Kingdom in 2012 as well as the 2012 Hajj religious gathering
in Mecca. When analyzing the Twitter data, we considered three
different statistical methods. The three methods did not always
give the same results, with Methods 1 and 3 finding no
statisticaly significant symptoms almost half of the time.
However, when all three methods did identify statistically
significant symptoms at the same concert, there was almost
always agreement with at least one of the symptoms.

Each of the three methods compares different attributes of the
datain order to detect medical symptoms. Because of this, each
method might be better in the analysis of data from some
festivals, while for others it will perform less accurately. By
using more than one method, we afford two benefits. First, if
more than one method discovers a symptom has appeared with
an unexpectedly high probability (as noted above), this
strengthens the evidence that this symptom hasindeed appeared
in festival participants. Second, at the cost of higher false
positive rates (but also higher true positives), health authorities
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might choose to use symptoms discovered by any of the methods
as possible candidates for further investigation.

The relative lack of data provided by the Bing query logs
permitted only Method 2 to be used. Generally, the statistically
significant symptoms that were identified were different from
the symptoms identified by Twitter. We hypothesized that this
is because users rightly perceive that tweets are public, while
gueries are private. Conseguently, the symptoms identified by
the query log describe more private indicators such as
“flatulence” and “diarrhea’. Nevertheless, for two concerts,
namely “Wirelessfest” and “T in the Park”, using Method 2 for
both Tweets and query logs, the same symptomswereidentified
as“pain” and “cough” respectively.

Limitations and Conclusions

To the best of our knowledge, no infectious outbreaks at mass
gatherings were reported to health authorities during the last 18
months, the period for which query logs are available. While
this is, of course, fortunate, it prevents any comparison with
ground truth data. Future work is needed to compare results
from Internet data with results obtained from traditional
methods. Note, however, that the use of traditional surveillance
methods can be challenging in the context of mass gatherings
due to the combination of an incubation period prior to onset
of symptoms and dispersal of participantsto their homeregions.

An additional drawback of our method is that some of the
identified symptoms (eg, tired) might not be a symptom of a
disease, but instead the outcomes of going to specific types of
events. Therefore, an additional filtering stage might berequired
S0 as to remove symptoms that regularly appear in similar
events.
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Abstract

Background: Conducting and analyzing clinical studies of cough and cold medications is challenging due to the rapid onset
and short duration of the symptoms. The use of Internet-based surveillance tools is a new approach in clinical studies that is
gradually becoming popular and may become a useful method of recruitment. As part of an initiative to assess the safety and
efficacy of cough and cold ingredientsin children 6-11 years of age, a surveillance program was proposed as a means to identify
and recruit pediatric subjects for clinical studies.

Objective: The objective of the study was to devel op an I nternet-based surveillance system and to assess the feasibility of using
such asystem to recruit children for common cold clinical studies, record the natural history of their cold symptoms, and determine
the willingness of parents to have their children participate in clinical studies.

Methods: Healthy potential subjects were recruited via parental contact online. During the 6-week surveillance period, parents
completed daily surveys to record details of any cold symptoms in their children. If a child developed a cold, symptoms were
followed via survey for 10 days. Additional questions evaluated the willingness of parents to have their children participatein a
clinical study shortly after onset of symptoms.

Results: The enrollment target of 248 children was reached in approximately 1 week. Children from 4 distinct geographic
regions of the United States were recruited. Parents reported cold symptoms in 163 children, and 134 went on to develop colds.
The most prevalent symptoms were runny nose, stuffed-up nose, and sneezing. The most severe symptoms were runny nose,
stuffed-up nose, and sore/scratchy throat. The severity of most symptoms peaked 1-2 days after onset. Up to 54% of parents
expressed willingnessto bring asick childto aclinical center shortly after the onset of symptoms. Parents found the Internet-based
surveys easy to complete.

Conclusions: Internet-based surveillance and recruitment can be useful tools to follow colds in children and enroll subjectsin
clinical studies. However, study designs should account for a potentially high dropout rate and low rate of adherence to study
procedures.

(J Med I nternet Res 2014;16(6):€144) doi:10.2196/jmir.2868

KEYWORDS
common cold; pediatric; sleep; surveillance; symptoms

: high rate of incidence, especially among children, the common
Introduction cold creates a significant economic and socia burden [1,3,4].
The common cold is one of the most prevalent illnessesinthe  Symptomsof thecommon coldin children typically reach peak
world [1]. Adults may experience 2-5 colds per year, and !ntensty _shortly after the onset of illness[5]. Symptom duration
children may experience 7-10 colds per year [2]. Owing to the 1SaPproximately 7-10 daysbut may rangefrom 2-14 days[3,4].

Diagnosis of the common cold can be problematic in young
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children and infants who are not able to communicate their
symptoms. Because colds are of limited duration and clinical
studies of cough and cold medications rely on self-reported
assessment of symptoms, the conduct and analysis of such
studies is highly challenging. Evaluating the efficacy of
over-the-counter cough and cold products is therefore equally
challenging. Given these hurdles, optimizing clinical designis
paramount to fully assess the efficacy of current and future
cough and cold products. One design element that has proven
important in cold studies is the ability to enroll subjects at the
earliest stages of acold[3,5,6]. Aspart of an initiative to assess
the safety and efficacy of cough and cold ingredientsin children
6-11 years of age, a surveillance program was proposed as a
meansto identify and recruit pediatric subjectsfor participation
in clinical studies. Surveillance systems have been used to
monitor daily health and to study infectious disease dynamics
in adaycare setting [ 7,8]. Engaging parents with a surveillance
program was thought to be a way of generating a pool of
potential patients for recruitment into a clinical study within
thefirst 2 days of the appearance of cold symptoms. The present
study was undertaken to develop and test Internet-based
surveillance methodology designed to recruit and prescreen
children aged 6-11 years, monitor these children on adaily basis
for the first onset of cold symptoms, determine the feasibility
of enrolling them into aclinical study within approximately 24
hours of the onset of cold symptoms, identify potential
recruitment i ssues, and assess the proposed recruitment strategy.

Methods

Subjects

Eligible subjects were children 6-11 years of age. We required
a history of 3 or more colds per winter season in either of the
past 2 winters asreported by parents (“parent” includes parents
and legally authorized representative), and/or ahistory of living
with 3 or more siblings or other children, in order to increase
the likelihood that the child would develop a cold during the
6-week surveillance period. Each subject’s parent was required
to have access to ahome computer with an Internet connection.
Major exclusion criteria included cardiovascular or thyroid
disease, asthmarequiring daily medication, chronic bronchitis,
glaucoma, use of sedatives or tranquilizers, use of monoamine
oxidase inhibitors, smoking, and history of attention deficit
disorder or attention deficit hyperactivity disorder. Concomitant
medications, apart from these exclusions, were allowed. Only
1 child per household was permitted into the study. The study
was conducted in accordance with the regquirements specified
in the US Code of Federal Regulations (21 CFR Parts 50, 56,
312) and the International Conference on Harmonization Good
Clinical Practice Guidelines, and informed consent was provided
by parents before initiation of any study procedures. The final
protocol and informed consent documentation were reviewed
and approved by an independent institutional review board
(Copernicus Group).

http://www.jmir.org/2014/6/e144/
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Study Design

This was a noninterventional surveillance study in school-age
children (ages 6-11 years). Potential subjects were identified
through the resources of a patient recruitment provider with an
extensive database of individuals who had chosen to receive
new health information and clinical study invitations. Letters
were sent to individuals in the network in 4 geographically
diverse metropolitan areas (Austin, TX; Boston, MA; Portland,
OR; Raleigh, NC) informing them of the study and directing
them to awebsiteif they wished to obtain additional information
about enrolling their child in the study. Screening and
evaluationswere performed online by parents. Once the subjects
were enrolled, parents recorded the presence or absence of 10
cold symptoms each evening for up to 6 weeks by completing
aWell Child Daily Survey (WCDS) (see Multimedia Appendix
1). Cold symptoms included in the survey were runny nose,
stuffed-up nose, sneezing, sore/scratchy throat, dry cough (no
mucus), wet cough (with mucus), chest congestion, headache,
muscle/body ache, and feverishness/chilliness. On thefirst day
that parents reported their child was experiencing cold
symptoms, they were asked questions designed to evaluate their
willingness and availability to bring their child to a clinic and
to participate in a clinical study of cough/cold medication. If
the child developed a cold, the parent recorded details of the
symptoms by using a Daily Cold Symptom Severity Survey
(DCSSS; see Multimedia Appendix 2). Parents rated each of
the 10 individual cold symptoms on a4-point categorical rating
scale. Additionally, parents recorded whether they believed the
symptomswere related to acold as opposed to adifferent upper
respiratory illness, such as dlergy or flu. At the end of the
surveillance period, parents were asked to complete an End of
Study Survey (EOSS) that included questions about the effect
of cold symptoms on the child’s deep and the ability of the
parent to use the Internet-based tools to identify and evaluate
cold symptoms and comply with the requirements of the study.
Because no therapeutic intervention was planned, safety and
adverse event data were not collected (Multimedia Appendix 1
and 2).

Statistical Analysis

No formal hypotheses were tested; all outcome measures are
described by summary statistics.

Results

Subject Characteristics

Between January 5 and January 11, 2011, 2543 parents entered
the system by visiting the website. Of those, 425 completed the
prescreening questionnaire, 346 completed theinformed consent
form, and 248 children were enrolled. Demographic
characteristics of the study population are presented in Table
1.
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Table 1. Demographic characteristics of enrolled children (N=248).

Troullos et d

Characteristic n (%)
Gender
Male 160 (64.5)
Female 88 (35.5)
Age, years
6 36 (14.5)
7 60 (24.2)
8 61 (24.6)
9 48 (19.4)
10 23(9.3)
1 20 (8.1)
Race
White 183 (73.8)
Black 34 (13.7)
American Indian or Alaskan native 6(2.4)
Asian 5(2.0)
Mixed race 16 (6.5)
Did not answer 4(1.6)
Ethnicity
Not Hispanic or Latino 222 (89.5)
Hispanic or Latino 23(9.3)
Did not answer 3(12)
Geographicregion
Austin, TX 56 (22.6)
Boston, MA 71 (28.6)
Portland, OR 67 (27.0)
Raleigh, NC 54 (21.8)
Number of other children in the home
0 72 (29.0)
1 31 (12.5)
2 43(17.3)
>3 102 (41.1)
Highest education level of parent
Did not graduate high school 4(1.6)
High school graduate (or equivalent) 35(14.1)
Some college education 85 (34.3)
Bachelor’s degree 92 (37.1)
Master’s degree 26 (10.5)
Doctorate degree 5(2.0)
Did not answer 1(0.4)

Household income
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Characteristic n (%)
<$25,000 18(7.3)
$25,001-$50,000 53 (21.4)
$50,001-$100,000 138 (55.6)
>$100,000 37 (14.9)
Did not answer 2(0.8)
Survey Results thereafter (Figure 1). M oderate-to-severe runny nosein thefirst

Natural History of Coldsin Enrolled Children

Using the WCDS, parents reported cold symptoms in 65.7%
(163/248) of the enrolled children. Using the DCSSS, parents
reported that 54.0% (134/248) of the children developed colds
and asserted in their opinion that the symptomswere not related
to adifferent upper respiratory condition, such asallergy or flu.
In this study, development of a cold was defined as at least 1
entry in the DCSSS with symptoms present and confirmation
that the parent believed the symptoms were related to a cold.
Symptomswereranked in severity on a4-step scale: “symptom
not present”, “mild’, “moderate”, and “severe” Of the 10
symptoms evaluated, the most commonly reported as severe
were runny nose (65/134, 48.5%), stuffed-up nose (65/134,
48.5%), and sore/scratchy throat (62/134, 46.3%). All symptoms
were most severe in the first 1-2 days after onset and declined

http://www.jmir.org/2014/6/e144/

24 hours after onset was reported in 64.2% (86/134) of the
children who suffered colds; moderate-to-severe chest
congestion within 48 hours was reported in 51.5% (69/134) of
the children.

The most prevalent symptoms among children with colds,
regardless of severity, were runny nose, stuffed-up nose, dry
cough, sore throat/scratchy throat, and sneezing; at least 75%
of subjects experienced these symptoms on Day 1. The time
course of symptom prevalence had a profile similar to that of
symptom severity, with a peak on Day 1 or 2 followed by a
decline (Figure 2). The least prevalent symptoms were muscle
ache/body ache and feverishness/chilliness, which were reported
in55.2% (74/134) and 54.4% (73/134) of children, respectively,
on Day 1. Most symptoms were largely resolved by Day 10
(reported in <15% of children).
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Figure 1. Average daily severity of individual cold symptoms. Parents of children with colds (n=134) were asked to score symptoms on a scale from
0 (not present) to 3 (severe). To calculate the average daily severity, a value of zero was assigned for those subjects who did not provide a symptom
severity rating on a given day during the 10-day follow-up period because the parent was not required to complete the symptom severity questionnaire

after all symptoms had resolved.
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Figure 2. Average daily prevalence of individual cold symptoms. From the
whether a symptom was present or absent.
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day of onset, parents of children with colds (n=134) were asked to report
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was somewhat worsethan usual. Nearly three-quarters of parents
Effect on Sleep y d P

Of those parents whose children developed colds during the
surveillance period, 81.3% (109/134) completed the EOSS. An
additional aspect of the survey wasto assess the effect of acold
on a child’'s sleep, and the EOSS asked parents to record the
effect of a cold on their child’s sleep on the night that cold
symptoms were at their worst. Of the parents who completed
the dleep questionnaire for achild who developed acold, nearly
two-thirds (55/93, 59.1%) reported that their child’'sdeep quality

http://www.jmir.org/2014/6/e144/

(69/93, 74.2%) reported that their child had at least some
difficulty falling asleep. A large mgjority of parents (81/93,
87.1%) reported that their child woke at least once during the
night.

Parents reported that the majority of children who developed
coldswere given medication for their cold symptoms. A similar
percentage of children were given nonprescription medicine
(50/134, 37.3%) or prescription medicine (49/134, 36.6%). In
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addition, 12.7% (17/134) were given both non-prescription and
prescription medication.

Parental Willingnessto Participatein Clinical Studies

When a parent observed that their child was experiencing the
first occurrence of symptoms and they believed that the child
was experiencing a cold, the parent was asked a series of
questions regarding their willingness to comply with certain
proceduresthat might be necessary for participationin aclinical
study; 65.7% (163/248) parents replied (Table 2). Among
parents who responded on the same day that symptoms
appeared, 26.4% (43/163) expressed willingness and availability

Troullos et d

to bring their child to aclinical site. Including respondents who
answered within 1 day of the appearance of symptoms, the
number of parents who would be willing/available to bring the
child to a clinical site rose to 54.0% (88/163). Only 12.3%
(20/163) of the respondentsindicated awillingnessto allow the
child to remain home from school. Somewhat more parents,
29.4% (48/163) reported willingness to score symptoms and
administer a study medication to the child during lunch breaks
at school, and 30.7% (50/163) reported that they were willing
to alow the child to remain home from school and/or score
symptoms and administer study medications at school.

Table 2. Parent willingness to participate in clinical study procedures (N=163).

Procedure Willing, Not willing,
n (%) n (%)
Visit aclinical site (response on same day as the appear ance of symptomsin the child)
Total 43 (26.4) 120 (73.6)
Before 11 am the next day 14 (8.6)
Beforetheclinica siteclosesthe 15(9.2)
next day
Within the next 3 days 21 (12.9)
Within the next 5 days 20 (12.3)
Visit a clinical site (response within 1 day of appearance of symptomsin the child)
Total 88 (54.0) 75 (46.0)
Before 11 am the next day 29 (17.8)
Beforetheclinical siteclosesthe 35 (21.5)
next day
Within the next 3 days 32(19.6)
Within the next 5 days 30(18.4)
Permit a child to remain out of school to participate in a study 20(12.3) 143 (87.7)
Score symptoms and administer medication to the child at school 48 (29.4) 115 (70.6)
Permit a child to remain out of school and/or score symptoms and administer medication to the child at school 50 (30.7) 113 (69.3)

Ease of Participation

In addition to evaluating the quality of Seepin enrolled children,
the EOSS asked parents to rate how easy or difficult it was for
them to participate in this Internet-based program. Among
parents who completed the EOSS, 89.0% (97/109) reported that
it was easy or very easy to usethe website on adaily basis, and
the majority were able to complete al surveys with little
difficulty. Respondents consistently reported that it was easy
or very easy to rate individual cold symptoms in their children
(78/109, 71.6% to 93/109, 85.3%, depending on the symptom),
and 85.3% (93/109) felt that it was easy or very easy to decide
whether the child had a cold rather than some other ilIness.

Discussion

Principal Findings
This study examined the suitability of an Internet-based

surveillance program to recruit and prescreen school-age
children for common cold clinical studies, monitor the natural

http://www.jmir.org/2014/6/e144/

history of their colds, and evaluate their parents’ willingnessto
quickly enroll themin clinical studies. The results demonstrated
that the I nternet-based methodol ogy was efficient and effective.
Of enrolled children, 54.0% (134/248) developed colds, and
parents monitored the severity and duration of 10 individual
symptoms. The single most prevalent symptom was runny nose,
which was reported in 94.8% (127/134) of children with colds.
Other highly prevaent symptoms were stuffed-up nose,
sneezing, dry cough, and scratchy/sore throat, which were
reported in 86.6% (116/134) or more of children. The symptoms
that were most highly prevalent also were frequently rated as
severe. Runny nose and stuffed-up nose remained present after
6 days or more in 85.5% (106/124) or more of children who
experienced those symptoms. The symptoms that were |east
prevalent and resolved most quickly were muscle/body ache
and feverishness/chilliness. Because these symptoms are more
commonly associated with influenza, this observation suggests
that children were suffering colds and that their parents were
able to differentiate between the 2 conditions.
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The patterns of symptom prevalence, severity, and duration
observed in the present study arein accord with those previously
reported in adults and children [2,4,9-11]. In a study of colds
in children, runny nose and nasal congestion were found to be
the most common symptoms and 73% of children remained
symptomatic 10 days after onset of the cold [5]. An early study
of colds in adults found that runny nose, sneezing, and sore
throat were the most common symptoms and the mean duration
of acold was 7.4 days [11]. A more recent study reported that
runny nose, stuffy nose, and sore throat were the most
bothersome symptomsin adults; median duration of symptoms
was 11 days [9]. The severity of cold symptoms has been
reported to reach a peak 2-3 days after onset [2,10].The results
presented here are consistent with these earlier investigations
and suggest that the natural history of coldsis similar in adults
and in children and that an Internet-based program is an effective
way to collect data on cold symptoms.

The enrollment data from the present study indicate that the
Internet-based strategy was effective at reaching a wide
population of potential subjects in different geographic areas.
An enrollment target of approximately 250 subjects was
arbitrarily selected for this pilot surveillance study, and the
surveillance enrollment target was reached in approximately 1
week. Achieving the target enrollment of 248 subjects required
that an approximately 10-fold larger number of parents enter
the system, asonly 16.71% (425/2543) compl eted the screening
guestionnaire. While the enrollment target was rapidly reached
inthis study, | nternet-based recruitment is not always successful.
Koo et a found a disappointing recruitment rate in a survey of
teenagers and identified challenges, including concerns about
the legitimacy of the website as a barrier to enrollment [12].
Similarly, Dobrow et a found that overall response rates to
Internet-based surveys were low [13].

It isencouraging that more than half of the parents who entered
the system eventually provided informed consent and enrolled
in the study. This observation, coupled with the fact that the
pool of subjects obtained with this Internet-based recruitment
technology was generally representative of the US population
in terms of race and ethnicity—white, black, and Hispanic or
Latino subjectsin thisstudy 73.8% (183/248), 13.7% (34/248),
and 9.3% (23/248), respectively, vs US population 77.9%,
13.1%, and 16.9%, respectively [14]—supportsthe use of such
astrategy to enroll pediatric subjectsin clinical studies. Along
with the benefits, however, Internet-based surveillance strategies
have challenges. Consideration should be given to the
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representativeness of the subject population with regard to
socioeconomic factors. Education level of parentsin this study,
for example, tended to skew higher than has been reported for
the US population. A greater percentage of parentsin this study
were high school graduates or higher compared to the US
population, 98.4% (244/248) vs 85.7%, respectively, and a
greater percentage held a bachelor’s degree or higher, 49.6%
(123/248) vs 28.5%, respectively [14]. Also, network security,
subject privacy, set-up costs, and operating costs need to be
addressed when creating an Internet surveillance tool.

Ideally, studies designed to evaluate cough and cold therapies
should recruit subjects and begin treatment within 24 hours of
the appearance of symptoms [3,5]. However, only 26.4%
(43/163) of parents who responded on the same day that
symptoms appeared indicated they would be willing to bring
their child to aclinical center to participate in aclinical study,
and only 8.6% (14/163) reported that they would bring the child
to a center the following morning. Among parents who
responded either the same day or the following day that
symptoms appeared, the proportion willing to bring the child
toaclinical center increased to 54.0% (88/163). Thus, it appears
that recruitment within 24 hours may be a significant barrier to
overcomein the design of a study.

Another potential challengethat emerged from the survey results
waslow willingnessto comply with clinical study requirements
involving school and the need to record symptoms and
administer study medication multipletimes during the day. Only
12.3% (20/163) of parents indicated that they would permit
their child to remain out of school to participate in a study.
Although more parents, 29.4% (48/163), were willing to
administer study drugs and collect symptom scores at school,
these responses suggest that parental adherence to a study
protocol that requires multiple doses during the day will be a
major obstacle. In addition, there was a substantial decline in
adherenceto the protocol throughout this study. Fewer than half
of al parents of enrolled children successfully completed the
WCDS and DCSSS (43.5% (108/248) and 44.8% (111/248),
respectively), and only 22.6% (56/248) completed all surveys.

Conclusion

The results of this investigation suggest that Internet-based
surveillance and recruitment can be useful tools to follow the
natural history of colds in children and to enroll subjects in
clinical studiesof therapiesfor the treatment of cough and cold.
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Abstract

Background: Twitter is a popular socia media forum for sharing personal experiences, interests, and opinions. An improved
understanding of the discourse on Twitter that encourages marijuana use can be helpful for tailoring and targeting online and
offline prevention messages.

Objectives: The intent of the study was to assess the content of “tweets’ and the demographics of followers of a popular
pro-marijuana Twitter handle (@stillblazingtho).

Methods: We assessed the sentiment and content of tweets (sent from May 1 to December 31, 2013), aswell asthe demographics
of consumers that follow a popular pro-marijuana Twitter handle (approximately 1,000,000 followers) using Twitter analytics
from Demographics Pro. Thisanalytics company estimates demographic characteristics based on Twitter behavior/usage, relying
on multiple data signals from networks, consumption, and language and requires confidence of 95% or above to make an estimate
of asingle demographic characteristic.

Results: A total of 2590 tweets were sent from @stillblazingtho during the 8-month period and 305 (11.78%) replies to another
Twitter user were excluded for qualitative analysis. Of the remaining 2285 tweets, 1875 (82.06%) were positive about marijuana,
403 (17.64%) were neutral, and 7 (0.31%) appeared negative about marijuana. Approximately 1101 (58.72%) of the positive
marijuanatweets were perceived as jokes or humorous, 340 (18.13%) implied that marijuana helpsyou to feel good or relax, 294
(15.68%) mentioned routine, frequent, or heavy use, 193 (10.29%) mentioned blunts, marijuana edibles, or paraphernalia (eg,
bongs, vaporizers), and 186 (9.92%) mentioned other risky health behaviors (eg, tobacco, a cohal, other drugs, sex). The majority
(699,103/959,143; 72.89%) of @stillblazingtho followers were 19 years old or younger. Among people ages 17 to 19 years,
@stillblazingtho was in the top 10% of all Twitter handles followed. More followers of @stillblazingtho in the United States
were African American (323,107/759,407; 42.55%) or Hispanic (90,732/759,407; 11.95%) than the Twitter median average
(African American 22.4%, inter-quartile ratio [IQR] 5.1-62.5%; Hispanic 5.4%, IQR 3.0-10.8%) and among Hispanics,
@stillblazingtho was in the top 30% of all Twitter handles followed.

Conclusions: Young people are especialy responsive to social media influences and often establish substance use patterns

during this phase of development. Our findings underscore the need for surveillance efforts to monitor the pro-marijuana content
reaching young people on Twitter.

(J Med Internet Res 2014;16(6):€157) doi:10.2196/jmir.3247
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Introduction

Social media use is common among young persons. The
majority of Internet usersin the United States (72%) use social
media platforms like Facebook, Twitter, Linkedin, MySpace,
YouTube, and others [1]. The rate of social media use is even
higher among young adults aged 18-29 years old in the United
States (89%) [2,3]. Many US social mediasiteshave highlevels
of user engagement: 63% of Facebook users check the site at
least daily, followed by 57% of Instagram users, and 46% of
Twitter users [3]. This is especialy true for youth and young
adultswho are the most likely age group to use Twitter. Typical
users of Twitter are quite young [4]: nearly half are under the
age of 34 and only 30% are over 45. While Facebook continues
to dominate social media engagement, more US teens rated
Twitter (26%) as the most important social media site than
Facebook (23%) [5]. Focus groups revealed that teens dislike
theincreasing adult presence, inane details, drama, and the need
to maintain their reputation on Facebook, but can better express
themselveson siteslike Twitter [6]. Continued growth from 1.1
billion social mediausersworldwidein 2013 to 2.3 billion users
in 2017 is projected [7].

The term “infodemiology” was coined by Eysenbach and
underscores the communication patterns on the Internet that
have important implications for the study of population health
and public policy [8]. Emerging evidence in the infodemiology
of online substance use risk behavior content that is being
viewed and posted online via social media platforms is
concerning. For instance, up to 83% of US college students
social networking sites, such as Facebook and MySpace,
reference alcohol use [9]. Also, arecent study found that 39%
of 15-24 year olds reported having a friend who posted online
pictures of themselves smoking marijuana on Facebook or
MySpace[10]. In addition, findings suggest that explicit and/or
illegal online content on social media is relatively common
among adolescents who are 18 years of age and under.
Specifically, studies of US college students have found that
underage young adults commonly post pictures of themselves
drinking alcohol on Facebook [11-13]. Related studies also
found references to sexual risk-taking, alcohol use, and drug
use behaviors on US adolescents’ (ages 16-18 yearsold) public
online MySpace social media profiles [9,14]. Taken together,
the studiesindicate ahigh likelihood for youth and young adults
to consume and create online content about risk behaviors via
social media platforms.

Like Facebook and MySpace, Twitter isapopular social media
forum among youth and young adults[15]. Tweets are messages
that are <140 characters and are sent from a user profile
(“handl€”) to a network of “followers’ who have chosen to
“follow” that particular handle. Followersreceive tweetsin real
time via mobile phones and/or email. Twitter advertises itself
as a freedom of speech social media platform and seldom
removes tweets that are not illegal or spam. Therefore, it is
possible for tweets that encourage del eterious health behaviors
to reach youth and other vulnerable populations (eg, current
substance abusers); yet, the research that addressesthistopicis
scant. In one study that examined exposure to a cohol beverage
advertisements and marketing via Twitter, it was found that
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youth who were not yet of the legal drinking age could easily
access alcohol marketing campaigns [16]. Similarly, underage
youth were able to view and post tweets that promoted trendy
tobacco products like hookah and e-cigarettes[17]. In arelated
study, Twitter userswhose tweetsidentified them as prescription
drug abusers tended to be “socially surrounded” (via tweets)
with other Twitter users who similarly Tweeted about
prescription drug abuse [18]. Thesefindings suggest that Twitter
users, even those who are young in age and cannot legally
purchase substances like alcohol or tobacco, engage in Twitter
activities that promote substance use behaviors.

Young people are responsive to social media influences and
often establish substance use patterns during this phase of
development [19-21]. Infact, the Media Practice Model (MPM)
was devel oped to explain how individuals can use social media
messages for guidance on life choices and accordingly disclose
information on social media that reflects actual behaviors and
traits or behavioral intent [22-25]. The MPM further postul ates
that youth and young adults consume and engage with media
based on who they are and who they want to be at the moment
[22-26]. It is therefore important to increase knowledge about
the substance use-rel ated online content that is connecting with
youth and young adults.

The current study presentstimely analysis of a popular Twitter
handl e that streams marijuana-rel ated content. Marijuanaisone
of the most commonly used substances among young people
inthe United States. The US National Survey on Drug Use and
Health (NSDUH) provides data on marijuana use across
individuals ages 12 and older and the latest data indicate that
past month marijuanauseis highest for young adults ages 18-25
years old (18.7% in 2012 versus 19.0% in 2011) followed by
26-29 year olds (11.9% in 2012 and 12.3% in 2011) [27].
Marijuana use often beginsin young adulthood with the average
age being 17.9 yearsold in 2012.

Trends in marijuana use are important to monitor given the
current shift in the marijuana policy landscape with the
liberalizing of marijuana policies[28]. Currently, 19 US states
and the District of Columbia now provide legal protection for
the possession and supply of marijuanafor medicinal purposes.
A number of states and community jurisdictions have also
reduced penalties for possession and use of small amounts of
marijuanafrom criminal sanctionsto finesor civil penalties. In
November 2012, Colorado and Washington legalized the sale
and possession of marijuana for recreational purposes. In
addition, recent self-report data suggest more relaxed views
toward marijuanause across both youth and adults. Specificaly,
population-level data indicate that most youth (60% of high
school seniors) do not believe that regular marijuana use is
harmful [29] and most Americans (52%) now favor legalizing
the recreational use of marijuana[30].

Inthe US stateswhereit islegal, medical marijuanacan be used
to treat various conditionsincluding cachexia, cancer, glaucoma,
human immunodeficiency virus infection/acquired immune
deficiency syndrome, muscle spasms, seizures, severe nausea,
severe pain, and sleep disorders [31]. Pain and muscle spasms
are the most common reasons that medical marijuanais used:
89% (Arizona) and 94% (Colorado) of patients are registered
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for severe or chronic pain and 14% (Arizona) and 17%
(Colorado) areregistered for muscle spasms[32]. Nevertheless,
the benefits of medical marijuana use remain uncertain with
much of the evidence for marijuana’s efficacy being anecdotal
[33,34]. Therefore, marijuana regulation continues to be
important from a medical perspective given the known risks
that are associated with its use. In 2011, marijuana contributed
to over 455,000 visitsto the emergency department in the United
States; 13% of these patients were between the ages of 12 and
17 [35]. Additionally, there are numerous harmful short-term
and long-term effects of marijuana use including short-term
memory damage, impairment in attention, judgment and other
cognitive functions, worsened coordination and balance, and
psychotic episodes[36-39]. Persistent marijuana effectsinclude
impaired long-term memory, learning skills, and sleep, while
chronic abuse can lead to addiction and increased risk for
chronic cough, bronchitis, and several mental disordersincluding
schizophrenia, anxiety, and depression [38,40].

Nevertheless, content about marijuana use is likely to have a
presence on social media given its recent increased use among
youth and both youths' and adults’ more relaxed views toward

Figure 1. Profile summary of Weed Tweets @stillblazingtho.

Weed Tweets/™
@stillblazingtho

o 4

31.9K
TWEETS

414

Tweet Engagement, Sentiment, and Content

Tweets from @stillblazingtho were collected historically for
eight months (May 1, 2013-December 31, 2013). Analytics
platform “SimplyMeasured” was used to access the Twitter
“firehose” via Gnip (a social data firm that provides access to
the Twitter “firehose” stream of every tweet ever sent) and
collect all tweets sent from @stillblazingtho for the time period
of interest [41]. A total of 2590 unique tweets (an average of
11 tweets per day) was sent from @stillblazingtho during the
8-month period. SimplyMeasured also providesa*“Klout” score
for the Twitter handle (the Klout score ranges from 1 to 100
with higher scores representing higher influence) and analysis
of Twitter engagement, including the number of retweets and
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marijuana use. In the present study, we assess the content of
tweets and demographics of consumers who are following a
popular Twitter handle (approximately 1,000,000 followers)
that streams daily tweets about marijuana-related content.

Methods

Overview

The Twitter datain the current study is public. The Washington
University Institutional Review Board reviewed our study
protocol and our research was deemed exempt from human
subjects review.

Twitter Handle

We searched Twitter for popular accountsrelated to * marijuana”
or “weed” and chose the account with the most followers:
“Weed Tweets’ (@stillblazingtho) with approximately 1 million
followers. The next most popular marijuana-related accounts
had approximately 200,000 to 300,000 followers, thus, the above
account had by far the highest number of followers. The profile
summary of Weed Tweets, @stillblazingtho, isshownin Figure
1

/ . -"f f)

ol ]

M

FOLLOWERS

replies for each tweet and the number of potential impressions
(total number of times atweet from @stillblazingtho or atwest
mentioning @stillblazingtho appeared in someone’'s Twitter
feed during the time period).

Tweets sent from @stillblazingtho were qualitatively analyzed
for sentiment and topics/themes. Tweets that were replies to
another Twitter user (305/2590, 11.78% of the total tweets)
were removed from the dataset because the original tweets
would also need to be reviewed in order to understand the
context of replies. This resulted in 2285 twesets for qualitative
analysis. Tweets were coded for sentiment: positive sentiment
about marijuana, negative sentiment about marijuana,
neutral/unknown. Topics or themes included in tweets were
additionally coded, such as whether the tweet was a
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joke/humorous, implied that marijuana use is not harmful or
dangerous (or less harmful than other substances like acohol),
explicitly encouraged legalization, included a motivational
message or quote, implied that marijuana use is good for
friendship/promotes getting along, implied that you can still be
successful or agood person if you use marijuana, and whether
it mentioned other risky health behaviors (eg, tobacco, alcohal,
other drugs, sex), the relaxing or de-stressing effects of
marijuana use, frequent, regular/routine, or heavy use, blunts,
marijuanaedibles, or paraphernalia(eg, bongs, vaporizers), and
the health benefits of marijuana or medical marijuanause. The
sentiment of each tweet was coded and the topic/theme of the
tweet was subsequently coded when applicable. Each tweet
could be coded for more than one topic/theme if necessary.

We used crowdsourcing to code the tweets with the services of
“CrowdFlower” [42]. Crowdsourcing involves using a large
network of workers to complete micro-tasks. Kim et al aso
used crowdsourcing via CrowdFlower to analyze sentiment of
tweets about US health care reform, similar to methods used
for this study, and found a high level of agreement between
trained codersfrom the research team and crowdsourced coders
(82.4% for positive sentiment, 100% for negative sentiment)
[43]. Thetweetsto be analyzed and instructions with codebook
and detailed definitions (including example tweets) were
provided to the CrowdFlower contributors via the online
CrowdFl ower platform. All tweets were coded by at least three
people. Sentiment codes were a Likert scale: 1=strongly
negative, 2=dlightly negative, 3=neutral/unknown, 4=slightly
positive, 5=strongly positive. The presence of topics/themes of
interest was coded asyes/no. A set of 108 tweets (from the total
2285 tweets) coded by two trained members of the research
team was considered gold standard and these were used as test
questions for the CrowdFlower contributors. Only coders who
scored highly on a subset of the test sample questions could
begin the project. Gold standard tweets were also intermingled
throughout the tweets in order to monitor coder performance
throughout the project. Coders who did not perform well were
dropped from the project, al prior codesfrom those coderswere
discarded, and new coders were assigned in their place.

Because tweets were coded by multiple coders, the numeric
values for sentiment coding were first averaged and then
collapsed into negative (values 1 to 2.4), neutral/unknown
(values 2.5 to 3.4), and positive (3.5 to 5.0). For the yes/no
items, the response from the most “trusted” coder (based on
coding accuracy compared to gold standard questions) was
chosen; when “trust” scores among the coders were close, the
most popular response was chosen. Based on our own coding
of 108 test questions compared to final codes from CrowdF ower
contributors, overall level of agreement was high. Percent
agreement was 91% for sentiment, and ranged from 76% to
100% for topic codes (76% was for the joke/humorous code,
which would be expected to have lower agreement due to the
subjective nature of the code).

Hashtags (symbol #) are used before a relevant keyword or
phrasein atweet to categorize the tweet so that people can find
them more easily in their Twitter search. We also extracted
tweets that included hashtags and two members of the research
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team coded the hashtags as being related to marijuana or not
related to marijuana.

Demographics of Followers

We used “Demographics Pro for Twitter” [44], described in
detail below, to report on the predicted demographic
characteristics of followers of @stillblazingtho and the
characteristics of the average Twitter user. Inferred
characteristics of followers included geographic location,
gender, marital status, age, race, income, occupation, other likes
and interests, and other Twitter handlesfollowed. We @ so report
on the followers' level of Twitter activity (eg, number of
tweets/day, number of handles followed, number of their own
followers), which is not inferred or predicted but rather taken
from explicit Twitter data or metadata.

Inferred demographics data on current followers of
@stillblazingtho on December 9, 2013 at 2:30pm EST were
obtained from Demographics Pro [44], which providesanalysis
of followers of Twitter accounts for a fee. Demographics Pro
estimates demographic characteristics based on Twitter
behavior/usage, relying on multiple data signalsfrom networks
(signals imparted by the nature and strength of ties between
individuals on Twitter), consumption (consumption of
information on Twitter revealed by accounts followed and
real-world consumption revealed by Twitter usage), and
language (words and phrased used in tweetsand bios). A random
sample of 50,000 followers of @stillblazingtho was analyzed,
regardless of whether they posted or commented to
@stillblazingtho. The data signals were filtered and amplified
using large proprietary knowledge bases of established
correlations between data points and demographic
characteristics. The multiple amplified signals were combined
using a series of agorithms to estimate or infer the likely
demographic characteristics. Demographics Pro has used their
methodol ogy to profile some 300 million Twitter usersto date.
The methodologies used in the prediction of demographic
characteristics of Twitter followers include big data, natural
language processing, entity identification, image analyses, and
network theory. Demographics Pro requires confidence of 95%
or above to make an estimate of a single demographic
characteristic [44]. For example, if 10,000 predictionsare made,
9500 would need to be correct in order to accept the
methodology used to make the prediction. The success of the
Demographics Pro analytic predictions relies on the relatively
low covariance of multiple amplified signals. Iterative evaluation
testing the methodol ogies on training sets of established samples
of Twitter users with verified demographics alows the
calibration of balance between depth of coverage (the number
of demographic predictions made) and required accuracy. The
size of these established samples of Twitter users with verified
demographics variesfrom 10,000 to 200,000 people depending
on the specific demographic characteristic to be inferred. For
comparison purposes, Demographics Pro aso reports the
distributions of the median average and inter-quartile range
[IQR] for follower demographic characteristics acrossasample
of approximately 250,000 Twitter accounts from 10 million
Twitter accounts analyzed by Demographics Pro. Inter-quartile
ranges are not presented for age or income because the median
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averagesfor these categorical variables are weighted so that the
sum of the weighted medians over al categories totals 100%.

Characteristics of @stillblazingtho followerswere descriptively
compared to the median average of the characteristics
distributions for Twitter users. Finally, we aso report on the
popularity of the @stillblazingtho Twitter account within
demographic groups based on rankings by Demographics Pro.
To examine the popularity of the Twitter handle of interest
within demographic groups, Demographics Pro ranks a subset
(approximately 250,000 handles with 1000 or more followers)
of the 10,000,000 Twitter handlesthey have analyzed by number
of followers within specific demographic groups.

Results

Tweet Engagement, Sentiment, and Content

A total of 2590 tweets (2285 regular tweets and 305 replies)
were sent from @stillblazingtho from May 1, 2013 to December
31, 2013 (average of 11 tweets per day). The Klout score for
@stillblazingtho was 77.8. Regarding engagement, there were
a total of 1,964,908 retweets of @stillblazingtho tweets and
135,797 replies to @stillblazingtho during the 8-month time
period. Total potential impressions, or total number of times a
tweet from @stillblazingtho or a tweet mentioning
@stillblazingtho appeared in someone's Twitter feed, was
2,898,866, 761 during the 8-month period.

Qualitative analysis was performed on the 2285 regular tweets
sent from @stillblazingtho (305 repliesrepresenting 11.78% of
total tweets were excluded). Of these tweets that excluded
replies, 1875 (82.06%) were positive about marijuana, 403
(17.64%) were either neutral in sentiment or were not
specifically about marijuana, and 7 (0.31%) appeared negative
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about marijuana. Percentages for sentiment of tweets included
in the qualitative analysis (excluding replies) and also among
total tweets (including replies) are presented in Table 1.

The distribution of specific topics for the positive marijuana
tweets along with example tweets are presented in Figure 2.
Most of the positive marijuana tweets were viewed as jokes or
humorous (1101/1875, 58.72%) followed by tweetsthat implied
that marijuanahelpsyou to feel good, relax, or chill (340/1875,
18.13%); 15.68% (294/1875) of the tweets mentioned routine,
frequent, or heavy use, and 193 (10.29%) mentioned blunts,
marijuana edibles, or paraphernalia (eg, bongs, vaporizers).
Approximately 186 (9.92%) of the 1875 positive marijuana
tweets mentioned other risky health behaviors (eg, tobacco,
alcohol, other drugs, sex). Additional resultsare shownin Figure
2.

Of the 403 neutral tweets, 70 (17.4%) were inspirational or
motivational quotes/messages and 58 (14.4%) were
jokes/humorous; for example, “If you are alwaysworried about
what others think of you, you will never be happy” or “ Sitting
there wondering why someone hasn’t texted you back, and
realizing you never finished sending the message”. Examples
of the seven negative tweetsinclude, “If you smoke weed to be
cool, you're afucking loser” or “1 know too many people who
have died from drug overdoses. When the fuck are people going
tolearn #RIP".

Of thetotal 2590 tweets sent from @stillblazingtho, 135 (5.21%)
contained the use of a hashtag. Only 26 (19.26%) of these
hashtags were marijuana specific (eg, #weed, #staystoned, and
#stayhigh), while tweets including general hashtags that were
non-marijuana related were 109 (80.74%) (eg,
#Thingsl Will TeachMyChild, #firstdayof summer, and
#TheSecretToL ifels).
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Figure 2. Topics and themes present in positive marijuana Tweets.
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Demographics of @stillblazingtho Followers

Characteristics of @stillblazingtho followers, other than Twitter
activity (eg, tweets per day, number of followers, number of
accountsfollowed), wereinferred by Demographics Pro. Of the
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959,143 followers of @stillblazingtho, 759,407 (79.17%) were
in the United States, 60,211 (6.28%) in the United Kingdom,

41,716 (4.35%) in Canada, and <1% in each of South Africa
(n=5460; 0.88%), Netherlands (n=7785; 0.81%), and Mexico
(n=6885; 0.72%). Within the United States, @stillblazingtho
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was in the top 20% of al Twitter accounts. The Twitter
followers were active: 34.01% (326,242/959,143) had >5
tweets/day and 36.71% (352,148/959,143) had 1-5 tweets/day.
Approximately 82.19% (788,310/959,143) followed a total of
101-1000 of Twitter accounts, and 68.34% (655,489/959,143)
of users had a high number of their own followers (101-1000).
A total of 54.03% (518,184/959,143) of @stillblazingtho
followers were female, which is similar to the Twitter median
average (52.6%, IQR 40.7-67.6%). Approximately 81.14%
(778,240/959,143) of the followers were single, compared to
the Twitter median average of only 38.1% (IQR 9.5-75.1%).

Followers of @stillblazingtho were younger than the Twitter
median average age distribution (Figure 3). Most followers of
@stillblazingtho were 17-19 years old (518,430/959,143;
54.05%); 18.84% (180,673/959,143) were 16 years old or
younger, 22.0% (210,799/959,143) were 20-24 years old, and
only 5.11% (49,047/959,143) were 25 years old or older. The
Twitter median average age distribution was: 14.2% were 16
years old or younger, 17.8% were 17 to 19 years old, 21.4%
were 20-24 yearsold, 16.0% were 25-29 years old, 15.8% were
30-39 years old, 11.2% were 40-49 years old, and 3.5% =50
years old. Among people aged 17 to 19 years, @stillblazingtho
was in the top 10% of all Twitter accounts followed.

More followers of @stillblazingtho in the United States were
African American (323,107/759,407; 42.55%) or Hispanic
(90,732/759,407; 11.95%) than the Twitter median average

Cavazos-Rehg et al

(African American 22.4%, IQR 5.1-62.5%; Hispanic 5.4%, IQR
3.0-10.8%) (Figure 4). Among Hispanics, @stillblazingtho was
inthetop 30% of all Twitter accountsfollowed. Personal income
among all followers of @stillblazingtho was somewhat lower
than the Twitter median average, with 93.53%
(897,041/959,143) under US$30,000 per year (Twitter median
average 76.9% under $30,000 per year).

More @¢tillblazingtho followers  were students
(267,855/959,143; 27.93%) and musicians (205,967/959,143;
21.47%) than the Twitter median average (9.1% students, IQR
4.9-15.0%; 8.2% musicians, IQR 3.3-17.7%). Among students
and musicians, @stillblazingtho was in the top 10% and top
20%, respectively, of al Twitter accounts. Music
(290,228/959,143; 30.26%) and basketball (274,514/959,143;
28.62%) were the most common interests of @stillblazingtho
followers, compared to Twitter median averages of 14.0% music
(IQR 9.0-22.9%) and 10.1% basketball (IQR 4.6-19.7%). Many
followers of @stillblazingtho aso followed rappers and
recording artists such as Wiz Khalifa (453,477/959,143;
47.28%), Drake (327,645/959,143; 34.16%), Lil Wayne
(323,616/959,143; 33.74%), Mac Miller (277,592/959,143;
28.94%), Nicki Mingj (256,961/959,143; 26.79%), Rihanna
(248,927/959,143; 25.95%), and Eminem (234,884/959,143;
24.49%). Twitter median averagesfor the above recording artists
ranged from 7.0% (for Mac Miller, IQR 4.9-8.8%) to 12.6%
(for Rihanna, IQR 5.6-24.5%).

Table 1. Characteristics of “Weed Tweets @stillblazingtho” tweets, 5/1/2013-12/31/2013.

Sentiment of tweets? Total tweets Replies Tweets excluding replies
n=2590 n=305 n=2285

n (%) n (%) n (%)

Positive 1875 (72.39) - 1875 (82.06)

Neutral 403 (15.56) - 403 (17.64)

Negative 7(0.27) - 7(0.31)

8Sentiment of tweets was determined only for regular tweets. Direct replies were excluded because the context of the conversation was difficult to

determine without additional information.
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Figure 3. Age distribution of @stillblazingtho followers and Twitter median average.
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Figure4. Racelethnicity distribution of @stillblazingtho followers and Twitter median average.
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Discussion

Principal Findings

The @stillblazingtho is a popular Twitter handle with
approximately 1 million followers. This Twitter handle sends
an average of 11 tweets per day, the vast mgjority of which
promote marijuana use. Most tweets generated from
@stillblazingtho contain humorous content about marijuana
use followed by tweets that suggested that marijuana helpsyou
to feel good, relax, or chill. This Twitter handle encourages
favorable attitudes toward marijuana by distributing a high
number of tweets normalizing the routine use of marijuanaand
promoting its relaxation effects. It additionally engages
followers about pro-marijuana culture by tweeting about such
content as marijuana edibles (eg, recipes for brownies) and
paraphernalia commonly used to smoke marijuana, like bongs
and vaporizers. Tweets that minimize the harmful effects of
marijuana use and associate its use with health benefits and/or
stronger peer relationships are also distributed by
@dtillblazingtho. In addition, tweets that encourage the
legalization of marijuana are sent by this Twitter handle, but
this is done to a lesser degree. While tweets from
@stillblazingtho comprised a number of themes and topics,
most tweets were alike in their overarching positive sentiment
toward marijuana use.

The majority of thefollowers of @stillblazingtho who arebeing
exposed to this pro-marijuanacontent are predicted to be under
20 years of age (approximately 73%) and 19% are under 17
years old. The average age at which marijuana use begins in
the United States is currently at 17.9 years old [27]; therefore,
our results call attention to the majority of Twitter followers of
@stillblazingtho who are either approaching or are very near
the average age at which marijuana use is first initiated.
Moreover, young people are especialy responsive to social
media influences and often establish substance use patterns
during this phase of development [19-21]. Thus, it isof concern
that so many youth and young adults are following a Twitter
handl e that depicts marijuanause as apopular and normal social
activity. In addition, past research hasfound that young Twitter
users can become exposed to tweets promoting alcohol use via
interactive features such as hashtags on other unrelated sites
[45-46]. The extent of hashtagsin tweetsfrom @stillblazingtho
was relatively low. Nevertheless, the inclusion of general
hashtags (non-marijuana related) in any of the tweets sent by
this Twitter handle have the potential to reach a much wider
audience of youth and young adults beyond the followers that
we analyzed in the current study.

Another primary finding of our study isthat African American
and Hispanic Twitter users disproportionately follow
@stillblazingtho versus Caucasians. This finding signals a
disparity in exposure to social media promoting marijuana use
in that the pro-marijuana tweets delivered by this handle are
disproportionately consumed by minority Twitter users. Our
findings match concerning differences in marijuana use by
race/ethnicity reported in previous studies [47-49]. The
frequency of marijuana abuse and dependence among African
American adults is about twice the rate of Caucasians and
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Hispanics [50]. With regard to Hispanics, marijuana abuse and
dependence rates are closer to the rates of Caucasians, but the
latest reports show that Hispanic youth now have the highest
rates of marijuanause versus Caucasiansand African Americans
[51]. Accordingly, our findings underscore the critical need to
improve understanding on how African Americans and
Hispanics engage with social mediaoutletslike Twitter in ways
that may exacerbate their marijuana use.

The @stillblazingtho followers receive pro-marijuana use
content from this Twitter handle and could be receiving similar
marijuana-related content from other handles. For instance,
many of the @stillblazingtho followers are alike in that they
follow the same cel ebrity Twitter handles. One or more of these
celebrities could also be tweeting favorably about recreational
marijuana use. To illustrate this point, we provide a sample
tweet from Wiz Khalifa who is a recording artist followed by
many of @stillblazingtho followers (47.3%). On February 8,
2014, Wiz Khalifa tweeted, “ Those who don’t understand the
beauty of weed, purchasing weed, rolling and sharing of weed
are outsiders and have no business in our world.” This tweet
demonstrates the likelihood for pro-marijuana content to be
distributed by multiple Twitter handlesto acluster of followers.
A study of all the pro-marijuanacontent that is being consumed
by the followers of @stillblazingtho isbeyond the scope of this
study; nevertheless, it isimportant for public health professionals
to consider all of the tweets and Twitter handles that promote
harmful norms toward substance use and are connecting with
young people. Prevention efforts can use this information to
connect with Twitter users in a strategic and meaningful way.
One such strategy would be for public health professionals to
consider partnering with a popular celebrity who is willing to
tweet health promoting messages about the harms associated
with marijuana use. Likewise, many of the followers of
@stillblazingtho are students and/or musicians, and have
interests in music and basketball. Perhaps, these data could be
used to distinguish persons who are at increased risk for
marijuana use and/or to identify appropriate settings where
marijuana use prevention messages could be delivered (eg,
music concerts).

Limitations

Some limitations should be considered when interpreting the
results. First, demographics of followersare not actual reported
demographics but rather inferred based on Twitter
behavior/usage. However, Demographics Pro uses sophisticated
methodology (reported in the Methods section) to make such
inferences and requires confidence of 95% or above to make
an estimate of asingle demographic characteristic [44]. Second,
we report on only one of many marijuanarelated Twitter
handles. Demographics of other specific marijuana-related
handles could differ from the one we chose to anayze.
Nevertheless, we reported on a very popular marijuana-related
Twitter handle, whose followers greatly outnumbered those of
other handles. Our study did not examine Twitter marijuana
discourse in a general way, where both favorable and
unfavorable tweets are considered in analysis. Such a study
would entail a data collection and analysis of countless tweets
that contain any and all marijuana-related terms, and is beyond
the scope of our study. We nevertheless encourage future studies
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to work toward understanding marijuana-rel ated communication
on Twitter utilizing a more general approach where both
favorable and unfavorable content is considered. Finally, we
have no way of inferring whether foll owers of @stillblazingtho
are themselves marijuana users or are non-marijuana users.
Non-marijuana users might be different from marijuana users
in their reasons for following @stillblazingtho; it is, therefore,
challenging to make broad-stroke conclusions about why the
followers of @stillblazingtho have opted to receive tweetsfrom
this handle.

Cavazos-Rehg et al

that is currently being delivered via Twitter. We found that
youth and young adults as well as minority Twitter users are
disproportionately morelikely to follow @stillblazingtho, which
is a popular Twitter handle that distributes a high number of
tweets encouraging favorable attitudes toward marijuana use.
Our findings provide a snapshot of the pro-marijuana content
that is reaching young people. Twitter use has expanded
exponentially, especially among youth and young adults;
therefore, an improved understanding of the discourse on Twitter
that encourages marijuana use can be helpful for tailoring and

. targeting online and offline prevention messages.
Conclusions geting P

Despite these limitations, our results stress the need for
continued research and surveillance on the pro-marijuanacontent
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Abstract

Background: Telehealth programs are a growing field in the care of patients. The evolution of information technology has
resulted in telehealth becoming a fourth-generation synchronous program. However, long-term outcomes and cost-eff ectiveness
analysis of fourth-generation telehealth programs have not been reported in patients with chronic cardiovascular diseases.

Objective:  We conducted this study to assess the clinical outcomes and cost-effectiveness of a fourth-generation synchronous
telehealth program for patients with chronic cardiovascular diseases.

Methods: We retrospectively analyzed 575 patients who had joined atel ehealth program and compared them with 1178 patients
matched for sex, age, and Charlson comorbidity index. The program included: (1) instant transmission of biometric data, (2) daily
telephone interview, and (3) continuous decision-making support. Data on hospitalization, emergency department (ED) visits,
and medical costs were collected from the hospital’s database and were adjusted to the follow-up months.

Results:  The mean age was 64.5 years (SD 16.0). The mean number of monthly ED visits (mean 0.06 SD 0.13 vs mean 0.09
SD 0.23, P<.001), hospitalizations (mean 0.05 SD 0.12 vs mean 0.11 SD 0.21, P<.001), length of hospitalization (mean 0.77
days SD 2.78 vs mean 1.4 SD 3.6, P<.001), and intensive care unit admissions (mean 0.01 SD 0.07 vs mean 0.036 SD 0.14,
P<.001) were lower in the telehealth group. The monthly mean costs of ED visits (mean US$20.90 SD 66.60 vs mean US$37.30
SD 126.20, P<.001), hospitalizations (mean US$386.30 SD 1424.30 vs mean US$878.20 SD 2697.20, P<.001), and all medical
costs (mean US$587.60 SD 1497.80 vs mean US$1163.60 SD 3036.60, P<.001) werelower in the telehealth group. Theintervention
costs per patient were US$224.80 per month. Multivariate analyses revealed that age, telehealth care, and Charlson index were
the independent factors for ED visits, hospitalizations, and length of hospitalization. A bootstrap method reveal ed the dominant
cost-effectiveness of telehealth care over usual care.

Conclusions. Better cost-effectiveness and clinical outcomes were noted with the use of a fourth-generation synchronous
telehealth program in patients with chronic cardiovascular diseases. The intervention costs of this new generation of telehealth
program do not increase the total costs for patient care.

(J Med I nternet Res 2014;16(6):e145) doi:10.2196/jmir.3346
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Introduction

Cardiovascular disease (CV D), one of the main chronic diseases,
is the leading cause of death and disability worldwide [1].
Chronic CVD is characterized by a high rate of co-morbidities
and a high risk for acute deterioration [2], both of which
contribute to adverse clinical outcomes and economic burden
on society. Hospitalization due to acute deterioration represents
the main cost component of CVD care [3]. To reduce
hospitalization and improve long-term care for CVD, disease
management programs, defined as multidisciplinary approaches
that coordinate care strategies to manage patients with chronic
disease, have been applied to patients with chronic CVD [4,5].
Degspite the beneficial results, disease management programs
are limited by their high cost and modest efficiency.

Recently, advances in telemonitoring devices have improved
the efficiency and reduced the labor costs of disease
management programs. With the help of remote telemonitoring,
biometric parameters can be monitored closely and acute
episodes of deterioration can be detected early, both of which
make timely interventions possible. Telehealth programs, which
incorporate telemonitoring and disease management programs,
have been shown to improve the results of long-term care in
patients with chronic diseases including heart failure, chronic
respiratory disease, and diabetes[6-10]. However, not all studies
on telehealth programs revealed beneficial results. A recent
randomized controlled trial of atelehealth program, which used
a non-immediate data analysis system, failed to reduce
hospitalizations in elderly patients with chronic diseases
(hospitalization and emergency department [ED] visits:
telemonitoring group 63.7% vsusua caregroup 57.3%, P=.35)
[11]. Patients enrolled in this study were elderly with a mean
age of 80.3 yearsand at high risk for rehospitalization. Another
study on a telehealth program among patients with chronic
illness including heart failure, diabetes, or chronic obstructive
pulmonary disease in the United Kingdom aso revealed
unfavorable results. The cost-effectiveness study of this
telehealth program revealed a dightly higher total cost in the
telehealth group (telehealth group, £1596.10 vsusual care group,
£1389.70, P>.05) but relatively high costs per quality adjusted
life year (QALY) gain (£92,000, n=969), and concluded that
the telehealth program was not cost effective [12]. A review
article published recently also argues that evidence for the
benefit of telehealth programs in managing chronic diseasesis
inadequate and contradictory [13]. These contrasting results
raise a serious concern about the use of telehealth programsin
the management of patients with chronic CvD.

One possible explanation to these contrasting results is the
differencein thelevel of care provided by telehealth programs.
Based on the level of data analysis, decision ability, and
integration of care, Anker and coworkers classified telehealth
programsinto four generations: (1) non-reactive datacollection
programs, (2) programswith non-immediate analytical structure,
(3) remote patient management programs, and (4) fully
integrated remote management programs [14]. According to

http://www.jmir.org/2014/6/e145/
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this classification, the fourth-generation telehealth program
provides the highest level of patient care: round-the-clock
presence of aphysician and nursing staff to analyze and respond
“synchronously” to the data transferred from patients. It is
probable that the different levels of monitoring, staff, and
response provided by these four generations of telehealth
program contribute directly to the aforementioned contrasting
results in the literature. However, the clinical benefit of the
fourth-generation telehealth program has not been validated.

Based on these reasons, we hypothesized that afourth-generation
telehealth program would be effective in patients with chronic
CVD. To test this hypothesis, we first reported reductions in
costs and hospitalization rates for patients with chronic CVD 6
months after vs before receiving a fourth-generation telehealth
program in a quasi-experiment study [15]. We then conducted
this retrospective cohort study to elucidate whether the patients
with chronic CV D who received the fourth-generation telehealth
program may have Dbetter clinical outcomes and
cost-effectiveness compared with those who received standard
carein alonger follow-up period.

Methods

Study Design

Thiswas asingle center, retrospective study, and was approved
by the Institutional Review Board at National Taiwan University
Hospital, Taipei, Taiwan.

Recruitment

The study was conducted from December 2009 to April 2013
at the Telehealth Center of the hospital, and was conducted by
the Taiwan ELEctroHEALTH study group (TELEHEALTH
study group). Patients aged 20 years or over receiving the
telehealth program at our telehealth center were enrolled asthe
case group. The control group included subjects who visited
our cardiovascular center during the same period but did not
participate in the telehealth care program (received usual care
only), and were matched for age, gender, and Charlson
comorbidity index. Data on sex, gender, and diagnosis were
obtained from the el ectronic database of our center. Therewere
7742 patients who visited our cardiovascular center during this
period. After matching age, gender, and Charlson comorbidity
index, 604 case patients and 1208 controls were selected.
Follow-up data and medical costs of these subjects were then
obtained from the el ectronic database. After excluding subjects
with incomplete follow-up and cost data, a total of 576 cases
and 1178 controls were finally enrolled in this study.

Telehealth Care Program

Thefourth-generation tel ehealth program at our telehealth center
isasynchronized, structured, and integrated remote management
program of chronic diseases[15]; it isan Internet-based system.
Briefly, this telehealth program provided four major
components. The first component was real-time transmission
of biometric datafrom the patients to the telehealth center. The
biometric dataincluded single-lead el ectrocardiography, blood
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pressure, heart rate, oximetry, and glucometry (in patients with
diabetes and those with impaired fasting glucose and impaired
glucose tolerance). These biometric data were transmitted via
the Internet and stored in the electronic health record system at
our hospital. The data was processed immediately after
transmission by the nurse case manager. Second, there were
daily and on-demand telephone interviews between the
telehealth care team and the patients for communication and
health promotion. Third, full-time nurse case managers and
cardiologists were in charge of care 24 hours aday. The nurse
case managers reviewed the clinical and biometric data
immediately and were empowered to adjust the dosage of
medications or to stop a medication with potentialy harmful
side effects after consulting physicians. A screenshot of our
telehedth platform is shown in Figure 1. The clinica
information was relayed to the cardiology specialist who made
the final judgment and suggestions regarding care. Fourth, the
long-term medi cation and monitoring plan were discussed with
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the patients’ primary care physician after acute episodes. This
telehealth program bridged between ingtitute care and home
care on an individualized approach, emphasized the prevention
and early detection of clinical deterioration, and then managed
the patient at the outpatient department (OPD) or emergency
department (ED), rather than by hospitalization. The service
and characteristics of this telehealth program did not change
during the study period. All clinical information and biometric
data were provided to the primary care physician at the regular
OPD visit. Additional visits to the OPD were encouraged if
adjustments to medications were frequently required or if
inadequate control of symptoms was noted by the nurse case
manager. An ED visit was suggested if acute deterioration of a
chronic condition was suspected. The clinical information was
relayed to the ED before the patient arrived at the ED. The
decision to hospitalize was determined by primary care
physicians and/or ED physicians.

Figure 1. Screenshot of telehealth platform. All biometric and clinical dataof patientsreceiving telehealth care can be assessed from this I nternet-based

database. Abnormal value marked in red.
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Usual Care Data Collection

Patients in the control group received usual care provided by
the cardiovascular center according to updated guidelines,
including, but not limited to, the American Heart Association’s
guidelines on lifestyle management to reduce cardiovascular
risk, guidelines for the management of stable ischemic heart
disease, and the American Diabetes Association’s guidelines
for the management of diabetes. Patients in the control group
received routine OPD visits to primary care physicians. ED
visits were determined by patients and/or caregivers. The
decisions for hospitalization were determined by primary care
physiciansand/or ED physicians. Therewasno contact between
telehealth center and patients receiving usual care.
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All of the demographic, hospitalization, and payment datawere
collected from the electronic database of the hospital. The
diagnosis of chronic diseases was also based on the electronic
database. A discharge diagnosis was recorded if the outpatient
and discharge diagnoses were different.

Outcomes

The primary outcomes were hospitalization, length of
hospitalization, and ED visits adjusted by the follow-up period
(month). Data on hospitalization, length of stay, and ED visits
were collected using an administrative billing system.
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Costs

Medical Costs

Taiwan launched a single-payer National Health Insurance
program in 1995, which covers most of the medical costs from
primary care to hospitalization. This study used a third-party
payer perspective and included only direct medical costsin the
cost analysis, including: medication, pharmacological service,
examinations, diagnostic tests, physician visits, operations,
anesthesia, blood product, ward, nursing, and specialized
equipment during visitsto the OPD and ED, and hospitalization.
Self-paid medical costs (not covered by National Health
Insurance program) were also included. Costs were adjusted to
the US$ average exchange rate for 2012.

Telehealth Care Program Costs (I ntervention Costs)

The total intervention costs of the telehealth care program
included direct costs (in-house staff costs, contract costs, and
fees to other organizations) and indirect costs (marketing,
business development, and administrative costs). The costs for
the telehealth equipment were included in the fees to other
organizations. The intervention cost per patient-month was
calculated by the total intervention costs in 2011 and 2012
divided by the active participants and duration (months).

Total Costs

The total costs were defined as the sum of medical costs and
intervention costs in the telehealth group; the total costs were
the same as medical costsin the control group.

Cost-Effectiveness

Cogt-effectiveness was evaluated by the cost saved for each
hospitalization that was avoi ded and the cost per hospitalization
day that was avoided. Uncertainty was calculated by the
bootstrap method and plotted in a cost-effectiveness plane.

Statistical Analysis

Discrete data are expressed as count and percentages.
Continuous data are presented as mean and standard deviation
(SD) or median and interquartile range (IQR) for data with
normal or skewed distribution, respectively. The chi-squaretest
was used to compare categorical data. The Student’s t test or
Mann-Whitney test was applied to compare continuous unpaired
data with normal or skewed distribution, respectively. A
Wilcoxon rank-sum test was applied to compare the outcome
data and costs, which were not normally distributed.

Linear regression models for the number of ED visits,
hospitalizations, hospitalization days, and number of intensive
care unit admissionswere devel oped with age, sex, participation
inthetelehealth care program, and Charlson comorbidity index
astheindependent variables. To evaluate the variablesthat were
significantly associated with cost, atwo-part gammamodel was
adapted. First, logistic regression analysis was performed to
evaluate the probability of the cost of the clinical factors being
greater than zero. The significant variables were then entered
into the second part, for which we use ageneralized linear model
(GLM) with gamma distribution and logarithmic link function
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to evaluate the variables in the patients with costs larger than
zero.

The time to first ED visit or hospitalization-free survival was
estimated according to the Kaplan-Meier method. The effect of
participation in the telehealth program was estimated using a
Cox proportional hazards model. Repeat hospitalizations were
examined using Cox regression analysis for recurrent events,
accounting for the possibility of multiple readmissions occurring
over the follow-up period.

Cost-effectiveness was measured by:

(COStcase_ COStoontroI) / (eff €Cleases™ eff ethontrol)

The incremental cost-effectiveness ratio (ICER) provided the
payments per hospital episode averted or per hospital day
averted. Non-parametric bootstraps were used to simulate 5000
ICERSs that were plotted on a cost-€effectiveness plane. Each
simulated ICER féell into one of the four quadrants of the ICER
plane (increased or decreased cost vs better or worse health
result). Strong dominance applied when the tel ehealth program
was both more effective and less costly than usual care.

Because there was difference in the follow-up duration in two
study groups, we performed sensitivity analyses by different
follow-up durations. We repeated the analyses for the
comparisons of clinical events, Cox regression for time-to-first
admission free survival, comparisons of medical costs, and
cost-effective plane by the different follow-up durations (<3
months, <6 months, <1 year, <2 years, 3 months-lyear, 1-2
years, and without adjustment for duration).

A P vaue of less than .05 was considered to be statistically
significant. Stata/SE 11.0 for Windows (StataCorp LP, College
Station, TX, USA) was used for all statistical analyses.

Results

Descriptive Statistics

A total of 1754 patients (576 in the telehealth group and 1178
in the control group) were enrolled in this study. The average
age was 64.5 (SD 16.0) years, 61.17% (1073/1754) of the
subjects were male. The diagnosis of chronic CVD included
hypertension (79.99%, 1403/1754), heart failure (16.99%,
298/1754), stroke (10.32%, 181/1754), myocardia infarction
(7.13%, 125/1754), and peripheral artery diseases (5.19%,
91/1754). The mean Charlson comorbidity index was 1.26 (IQR
0-2). At baseline, age, sex, and Charlson comorbidity index
were matched between the two groups (Table 1). There were
dightly more patients with heart failure, stroke, dementia,
chronic obstructive pulmonary disease, diabetes, and peptic
ulcer disease in the telehealth group (Table 1). There was no
differencein hemoglobin Alc level between two study groups.
There was no difference in the duration of education between
two study groups. The median follow-up time was 694 days
(IQR 338-1163). The follow-up time in the control group (879
days, IQR 334-1190) waslonger than that in the telehealth group
(572 days, IQR 349-809). Because of the different follow-up
times, the costs and events were divided by the follow-up time
(months) in the subseguent analysis.
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Table 1. Baseline characteristics.
Characteristic Cases Controls P vaue
Patients, n 576 1178
Age, year, mean (SD) 64.6 (16.3) 64.5 (16.1) .8
Sex (male), n (%) 356 (61.81%) 717 (60.87%) 7
Systolic blood pressure, mmHg, mean (SD) 124.3 (20) 123.3(27) 5
Diastolic blood pressure, mmHg, mean (SD) 70.4 (12.6) 70.6 (16.4) .8
Comor bidity
Charlson comorbidity index 1.35(1.65) 1.21(1.52) .07
Myocardial infarction, n (%) 44 (7.64%) 81 (6.88%) 5
Heart failure, n (%) 112 (19.44%) 186 (15.79%) .05
Peripheral artery disease, n (%) 61 (10.59%) 30 (2.55%) 9
Stroke, n (%) 71 (12.33%) 110 (9.34%) .05
Dementia, n (%) 13 (2.26%) 10 (0.85%) .01
Chronic obstructive pulmonary disease, n (%) 49 (8.51%) 67 (5.69%) .02
Diabetes, n (%) 165 (28.65%) 273 (23.17%) .01
Peptic ulcer disease, n (%) 28 (4.86%) 34 (2.89%) .03
Chronic kidney disease, n (%) 57 (9.90%) 117 (9.93%) 9
Chronic liver disease, n (%) 15 (2.60%) 26 (2.21%) .6
Malignancy, n (%) 44 (7.64%) 120 (10.19%) .08
Hemoglobin Alc, %, mean (SD)
Overadll 6.6 (1.4) 6.7 (1.5) .15
With diabetes 7.2(16) 47 (15) 33
With 1CU? admission 6.8 (1.5) 6.9 (1.7) 65
Duration of education, n (%) b .09
<9 years 102 (31.58%) 259 (47.01%)
9-16 years 200 (61.92%) 266 (48.28%)
>16 years 21 (6.50%) 26 (4.72%)
Medications, n (%)
Anti-hypertension 475 (82.47%) 932 (79.11%) 1
Oral-anti-diabetes 93 (16.15%) 157 (13.33%) 1
Insulin 47 (8.16%) 47 (3.99%) <.001
Statin 74 (12.85%) 120 (10.19%) 1
Aspirin 117 (20.31%) 249 (21.14%) 7
Clopidogrel 128 (22.22%) 238 (20.20%) 3

3 CU: intensive care unit.

BNot all patients provided their education information—data was obtained for 874 participants (323 in the telehealth program and 551 in the control

group).

Outcomes

There were significantly fewer ED visits, hospitalizations,
hospitalization days, and intensive care unit admissions per
month in the telehealth group compared to the control group
(Table 2). The hospitalization-free survival was significantly
longer in thetelehealth group (P=.01, log-rank test). In the Cox
regression analysis, age (hazard ratio [HR] 1.01, P<.001),
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telehealth (HR 0.76, P=.001), and Charlson comorbidity index
(HR 123, P<.001) were independent predictors for
re-hospitalization (Table 3). The ED visit-free survival was not
significantly longer in the telehealth group (P=.08, log-rank
test). Inthe Cox regression analysis, only age (HR 1.01, P<.001)
and Charlson comorbidity index (HR 1.3, P<.001) were
independent predictors for an ED visit. Repeated events Cox
regression analysis also demonstrated significantly longer
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hospitalization-free survival for the telehealth group. Age (HR
1.01, P=.013), telehealth (HR 0.5, P=.001), and Charlson

Table 2. Clinical events, adjusted by follow-up months.

Hoetd

comorbidity index (HR 1.41, P<.001) were independent
predictors for repeated hospitalizations (Table 3).

Events Cases (n=576) Controls (n=1178) P value
mean (SD)

Follow-up months 20.4 (11.4) 25.8 (14.5) <.001
ED?visits 0.06 (0.13) 0.09 (0.23) <.001
Hospitalizations 0.05 (0.12) 0.11(0.21) <.001
Hospitalization days 0.77 (2.78) 1.4(3.6) <.001
ICUP admissions 0.01 (0.07) 0.04 (0.14) <.001
OPD® visits 157 (1.12) 1.66 (1.78) 75

3ED: emergency department
B1CU: intensive care unit
COPD: outpatient department

Table 3. Multivariate Cox regression anaysis for event-free survival.

Timeto first hospitalization

Time to first emergency department

Hospitalization, multiple event

visit
Hazard ratio P Hazard ratio P Hazard ratio P

Age 1.01 (1.01-1.02) <.001 1.01 (1.0-1.01) <.001 1.01 (1.0-1.02) 013

Sex 1.11 (0.97-1.29) 13 1.01 (0.86-1.19) 9 0.94 (0.69-1.29) 71
Telehedlth 0.76 (0.65-0.89) .001 1.11 (0.94-1.35) 19 0.5 (0.34-0.74) .001
Charlson comorbidity 1.23 (1.19-1.28) <.001 1.3(1.25-1.35) <.001 1.41 (1.32-1.52) <.001
index
Costs that only telehealth (OR 0.67, 95% CI 0.46-0.95, P=.009) was

The monthly intervention costs in the telehealth group were
US$224.80 per patient (Table 4). The personnel costs comprised
77.97% (27,348.50/35,075.50) of the intervention costs. The
average medical costswere US$587.60 (SD 1497.80) per month
inthetel ehealth group and US$1163.60 (SD 3036.60) per month
inthe control group (P=.02; Table 5). Generalized linear model
(GLM) analysis revealed that telehealth (OR 0.4, 95% ClI
0.32-0.55, P<.001), heart failure (OR 1.56, 95% CI 1.11-2.19,
P=.001), and cancer (OR 1.86, 95% CI 1.23-2.8, P<.001) were
significantly associated with the total costs (all medical +
intervention costs; Table 6). Hospitalization costs accounted
for the largest portion of the total costs and were significantly
higher in the control group (mean US$878.20 SD 2697.20 per
month) compared with the telehealth group (mean US$386.30
SD 1424.30 per month; Table 5). GLM analysis also revealed
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significantly associated with the hospitalization costs (Table 6).
The OPD costs were aso higher in the control group (mean
US$248.20 SD 984.60 per month) compared with the tel ehealth
group (mean US$180.40 SD 248.20 per month; Table 5). GLM
analysis further revealed that age (OR 1.01, 95% CI 1.0-1.01,
P=.01), telehealth (OR 0.72, 95% CI 0.57-0.9, P=.05), heart
failure (OR 1.61, 95% CI 1.2-2.17, P=.002), and liver cirrhosis
(OR 4, 95% CI 2.0-8.1, P<.001) were significantly associated
with the OPD costs. The ED costs were higher in the control
group (mean US$20.90 SD 66.60 per month) compared with
the telehealth group (mean US$37.30 SD 126.20 per month;
Table 5). GLM analysis revealed that age (OR 1.02, 95% CI
1.01-1.03, P<.001), heart failure (OR 1.47, 95% CI 1.01-2.12,
P=.05), and cancer (OR 2.3, 95% CI 1.48-3.6, P<.001) were
significantly associated with the ED cost.

JMed Internet Res 2014 | vol. 16 | iss. 6 | €145 | p.177
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Hoetal
Table4. Intervention cost (2011-2012).
Cost category Amount (US$/month)
In-house staff $27,348.50
Contract costs/Fees to other organizations $5213.70
Total direct costs $32,562.20
Marketing and business devel opment $15.50
Sdlling, general and administrative $2451.20
Other expenses $46.70
Total intervention cost $35,075.50
Total intervention cost per patient $224.80
Table5. Medical cost (US$ per patient/month).
Medical costs Case Control P value
mean (SD) mean (SD)
By clinical setting
Emergency department costs $20.90 (66.60) $37.30 (126.20) <.001
Hospitalization costs $386.30 (1424.30) $878.20 (2697.20) <.001
Outpatient clinic visit costs $180.40 (278.60) $248.20 (984.60) .06
Total medical costs $587.60 (1497.80) $1163.60 (3036.60) <.001
Total health care costs $812.40 (1497.80) $1163.00 (3036.60) <.001
By items
Laboratory examinations $66.10 (171.10) $120.2 (270.90) <.001
Imaging $20.00 (56.20) $56.40 (150.10) <.001
Medication $130.00 (304.00) $226.60 (864.50) .009
Other treatment and management $56.10 (286.60) $81.30 (315.00) A1
Physician visit $16.10 (65.20) $26.40 (69.40) .003
Nursing $42.60 (224.30) $69.40 (244.60) .03
General ward $51.90 (240.00) $59.70 (212.40) 49
ICUward $19.20 (135.70) $30.30 (146.10) 13
8 CU: intensive care unit.
Table 6. Generalized linear models for costs.
Costs/Factors Outpatient department Emergency department Hospitalization Total (medical + intervention)
OR P OR P OR P OR P
Age 1.01 (1.0-1.01) 01 1.02 (1.01-1.03) <001 1.00(0.99-1.01) .33  1.0(0.99-1.01) 7
Telehedlth 0.72 (0.57-0.9) 05  0.72(0.51-1.01) .06 0.67(0.46-0.95) .009  0.4(0.32-0.55) <.001
Heart failure 1.61 (1.2-2.17) 002 1.47(1.01-2.12) .05 - - 1.56 (1.11-2.19) .009
Diabetes 1.32(1.02-1.7) 03 - - - -
Liver cirrhosis 4.0(2.0-8.1) <001 - - - - - -
Cancer - - 2.3(1.48-3.6) <001 148(0.97-228) .07  1.86(1.23-2.8) .003

Cost-Effectiveness

Figure 2 showsthe 5000 bootstrapped replicates of incremental
costs versus hospitalizations, hospitalization days averted, and
ED visits averted on a cost-effectiveness plane. Because of the
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different follow-up times, the cost, number of hospitalizations,
and hospitalization dayswere divided by thefollow-up months.
In this bootstrap analysis, 99.9% of the 5000 replicates werein
the cost-saving quadrant in all three analyses, which indicated

that the telehealth program was a dominant strategy.
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Figure 2. Cost-effectiveness planes for hospitalization times, hospitalization days, and emergency department visits averted.
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Sensitivity Analyses

The sensitivity analyses by different follow-up durations
revealed consistent results. There were no differences in age,
sex, and Charlson comorbidity score in the two study groups
by different follow-up durations. The clinica events were
significantly lessin thetel ehealth group over different follow-up
durations. In the Cox regression analyses for time to first
admission-free survival, the telehealth was a significant
protective factor over different follow-up durations. The total
medical costs were significantly lower in the telehealth group
over different follow-up durations. In the cost-effectiveness
analyses, the 1000-times bootstrap revealed that telehealth was
a cost-saving strategy (99.9% of the simulations were in the
cost-saving quadrant over different follow-up durations, except
for the duration of 1-2 years where 96.6% of the simulations
were in the cost-saving quadrant).

Discussion

Principal Results

The results of the current study revedled that our
fourth-generation teleheal th program was associated with lower
tota costs, lower rate of hospitalizations, and shorter
hospitalization length of stay in patients with chronic CVD
during the 2-year follow-up period. The total costs of US$811
per month (medical costs: US$587, intervention costs: US$224)
inthe telehealth group werelessthan thetotal costs of US$1163
(medical costs only) per month in the control group. In
multivariate analyses, the teleheal th program was an independent
predictor for alonger time to first hospitalization and repeated
hospitalization-free survival. Inthe GLM analysis, thetelehedlth
program was independently associated with fewer OPD visits
and lower hospitalization medical costs and total health care
costs (medical + intervention cost). Sensitivity analysisreveaed
that the telehealth program was a cost-saving strategy from the
health care system perspective.

This cost-saving conclusion was consistent over different
endpoints, including hospitalization times and durations. Our
intervention costs at US$224.80 per month (or US$2697 per
year) were reasonable compared to those reported in two recent
telehealth studies: US$3010 per year in a UK study and
US$2177 per year in a US study [11,12]. Our synchronous
telehealth program adopted a strategy to manage patients in
OPD or ED without delay to avoid hospitalization, if an acute
event was detected. This strategy showed a 38% reduction in
hospitalizations without significant increasein OPD or ED visits

http://www.jmir.org/2014/6/e145/
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in the telehealth group (Table 2). The non-significantly lessED
visit-free survival in the telehealth group (Figure 1B) did not
trandate into higher costs or more hospitalizations. Based on
these advantages in costs and event reduction, our telehealth
program was demonstrated to be cost-effective.

Comparison With Prior Work

Until now, research on telehealth programsin chronic diseases
management has had mixed results[13,16]. Telehealth care has
been shown to reduce hospitalizations in patients with chronic
conditions such as asthma [6], chronic obstructive pulmonary
disease [7], and heart failure [8,9]. Data also shows that
telehealth care can achieve better blood pressure [17,18] and
glycemic control [19]. Two large randomized controlled trials
published recently, however, questioned the benefits and
cost-effectiveness of telemedicine in patients with chronic
diseases[11,12]. Thefirst trial enrolled 205 elderly adults aged
60 years or above, with multiple illnesses and a higher risk of
hospitalization [11]. Half of the participants (51.2%) had chronic
CVD. The results showed a neutral effect of asynchronous
telemonitoring on the composite endpoint of hospitalization
and ED visitsin 12 months (63.7% vs 57.3%, P=.35). A higher
mortality rate was reported in the telemonitoring group
compared to the control group unexpectedly (14.7% vs 3.9%,
P=.008). Although the study was carefully designed and
conducted, only 40% of the subjects screened were enrolled in
the trial. This low rate of enrollment may limit its
generalizability. Another factor that may limit its generalizability
is the asynchronous telemonitoring used in thistrial.

The second randomized controlled trial (Whole System
Demonstrator trial [WSD]) enrolled 3230 people with heart
failure (37.8%), chronic obstructive pulmonary disease (33.5%),
or diabetes (28.7%) in the United Kingdom. The results showed
the hospitalization rate (OR 0.85, P=.017), length of hospital
stay, and mortality (4.6% vs 8.3%, P<.001) werereduced inthe
telehealth group [20]. These reductions in hospitalization and
length of hospital stay in the telehealth group were similar to
our results. A cost-effectiveness analysis of this trial included
965 of the original 3230 subjects, among them 36.4% had heart
failure. The result derived an ICER of £92,000 per QALY
gained. This value was considered not to be cost-effective
compared with the current threshold of willingnessto pay [12].
Themedical costsin thetelehealth group were lower than those
in the usual care group (not including the intervention costs).
This indicates that the cost of intervention is the major
determinant for the cost-effectiveness of a teleheath care
program. The intervention costs in our study were lower than
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those in the WSD trial. This difference in intervention costs
may account for the difference in cost-effectiveness between
our study and the WSD trial.

The causes of these inconsi stent results between different trials
are not totally clear. Our data provide three potential
implications for the causes. First, our data imply that the level
of care provided by a telehealth program affects its efficacy.
Different telehealth programs should not be compared directly
without analyzing their basic structure. An effective telehealth
program relies on the premise that routinely monitoring
biometrics and symptoms will facilitate early detection of
clinical deterioration and trigger timely intervention [21]. To
achievethisgoal, our fourth-generation tel ehealth program has
the ability to detect deterioration early by synchronous data
analyses and to initiate timely intervention by round-the-clock
presence of a physician. Our telehealth program implemented
an electronic platform to integrate all the biometrics measured
and to notify the nurse case managersimmediately if abnormal
values were received. The nurse case managers could respond
more rapidly to abnormal biometric values, compared with the
stored-and-forward system used in other trials [11,22]. The
nurse case managersweretrained to deliberately seek and track
the symptoms and signs of early deterioration during the daily
telephoneinterview. Thisstrategy may detect early deterioration
more efficiently in patients with awide range of comorbidities,
compared with the patients answering predetermined screening
guestions to automated systems used in other trials [11,22].
Prior research has shown that the benefit of atelehealth program
in patients with heart failure can be lost after changing from a
small-scale, nurse case manager-led program to a large-scale,
automated monitoring system without one-to-one telephone
interviews[22,23]. Theseresults highlight therole of nurse case
managersin atelehealth program. The round-the-clock presence
of a physician for therapeutic decisions and the synchronous
type of telehealth program adopted in our study were not
formally tested in other trials. Although we did not directly
compare our telehealth program with an earlier generation, our
data imply that level of care provided by atelehealth program
makes a difference in efficacy. Future research on telehealth
programs should clearly address the level of care provided by
the program. We suggest a synchronous telehealth program
should be considered in apopulation with multiple comorbidities
and high risk for acute deterioration, as the program
implemented in our study.

The second implication of our data is that the composition of
the total health care costs is crucia to the balance of
cost-effectiveness in a telehealth program. The intervention
costs accounted for 27% of thetotal cost in the tel ehealth group
in our study; the personnel cost accounted for 78% of the
intervention costs. Thisresult indicates that one-fifth of thetotal
health care cost of the patientsreceiving our telehealth program
will pay for the personnel costs. The personnel costs may not
change much if a specific level of care is determined. The
medical costs, however, increased significantly with older age
and more comorbid conditions, as demonstrated by our GLM
analyses. Given a patient population with fewer comorbid
conditions than the patients in our study, the expected annual
medical costs would be much lower. If the medical costs are
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much lower than the intervention costs, the cost-saving feature
of the telehealth program may not exist. The same problem will
also be encountered in a patient population with a greater
number of comorbid conditions and higher expected medical
costs. Therefore, choosing the appropriate patient population
would have a maor influence on the balance of
cost-effectiveness. According to our data and prior trias in
telehealth programs[12] or disease management programs[24],
the intervention costs should be less than US$2500-3000 per
year to be cost-saving in a patient population with moderate
chronic comorbidities. With advances in information
technologies such as automatic data analysis algorithms, the
personnel costs might be lowered in the future.

The third implication of our datais that the patient population
that will benefit from a telehealth program extends to patients
with chronic CVD and multiple chronic conditions. In CVD,
telehealth programs have been tested mostly in patients with
heart failure [14,22,23,25]. In our study, 24% of our patients
had heart failure or myocardial infarction. The mean Charlson
comorbidity index in our study was 1.26, which was lower than
that reported in some of therecent research [11,12]. The overall
severity in our study may be less than that in the studies in
patients with heart failure. Our study provided the data of a
telehealth program for a patient population with established
CVD and multiple comorbidities but without advanced heart
failure.

Limitations

There are severa limitations to this study. First, because this
was not a randomized controlled study, confounding factors
and bias may not have been detected. Although we matched the
patients and controls by age, sex, and Charlson comorbidity
index, each item of the Charlson comorbidity index was not
completely matched. However, because the disease severity
was higher in the telehealth group, we do not think that this
artificially increased the benefits of telehealth care. Moreover,
a protocol-driven use of resources did not exist in this study,
making the costs more reflective of the real-world situation.
Other confounding factors such as socioeconomic status were
not fully detected in this study. Second, only direct medical
costsand intervention costs were reported in our study; however,
travel and time costs are two major direct non-health-related
costs. These two types of cost are difficult to compare between
different societies and health care systems, and therefore we
did not include these two costsin our analysis. Third, theclinical
outcomes were derived from the electronic billing and medical
records of our hospital, and the patients who received care
outside of our hospital were not recorded. Resources that were
used but not billed may also have been overlooked when
extracting data from our billing system. Fourth, long-term
follow-up data were not available in our study, so the
cost-effectiveness over alonger timeframeisunknown. Finaly,
we did not measure the QALY in our study, although many
cost-effectiveness  studies have reported this. Although
frequently used in health economic research, QALY is not
without drawbacks [26]. One of the mgjor problemsis that the
use of QALY rests on the assumption that all QALY's are of
equivalent value in the perspective of society. However, this
assumption is not necessarily true in al circumstances [27].
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QALYs derived from different societies and cultural length of hospital stay, and the accompanying medical costsin

backgrounds may not be suitablefor adirect comparison. Hence, patients with chronic CVD and multiple comorbidities. The

we reported the cost per hospitalization avoided. intervention costs of this new generation of telehealth program

conclus do not increase the total costs for patient care. Randomized
onciusions trials should be considered in this new generation of telehealth

Our data support that afourth-generation telehealth programis  program for the management of chronic CVD.

associated with a reduction in the rate of hospitalizations, the
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Abstract

Background: Overweight or obesity is prevalent among college students and many gain weight during this time. Traditional
face-to-face weight loss interventions have not worked well in this popul ation. Facebook isan attractive tool for delivering weight
loss interventions for college students because of its popularity, potential to deliver strategies found in successful weight loss
interventions, and ability to support ongoing adaptation of intervention content.

Objective: The objective of this study was to describe participant exposure to a Facebook page designed to deliver content to
overweight/obese college students in a weight loss randomized controlled trial (N=404) and examine participant engagement
with behavior change campaigns for weight loss delivered via Facebook.

Methods: Thebasis of the intervention campaign model were 5 self-regulatory techniques: intention formation, action planning,
feedback, goal review, and self-monitoring. Participants were encouraged to engage their existing social network to meet their
weight lossgoals. A health coach moderated the page and modified content based on usage patterns and user feedback. Quantitative
analyses were conducted at the Facebook post- and participant-level of analysis. Participant engagement was quantified by
Facebook post type (eg, status update) and interaction (eg, like) and stratified by weight loss campai gh (sequenced vs nonsequenced).
A subset of participants were interviewed to evaluate the presence of passive online engagement or “lurking.”

Results: The health coach posted 1816 unique messages to the study’s Facebook page over 21 months, averaging 3.45 posts
per day (SD 1.96, range 1-13). In al, 72.96% (1325/1816) of the posts were interacted with at least once (eg, liked). Of these,
approximately 24.75% (328/1325) had 1-2 interactions, 23.39% (310/1325) had 3-5 interactions, 25.13% (333/1325) had 6-8
interactions, and 41 posts had 20 or more interactions (3.09%, 41/1325). There was significant variability among quantifiable
(ie, visible) engagement. Of 199 participantsin the final intervention sample, 32 (16.1%) were highly active users and 62 (31.2%)
never visibly engaged with the intervention on Facebook. Polls were the most popular type of post followed by photos, with
97.5% (79/81) and 80.3% (386/481) interacted with at least once. Participants visibly engaged less with posts over time (partial
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r=—33; P<.001). Approximately 40% of the participantsinterviewed (12/29, 41%) reported passively engaging with the Facebook
posts by reading but not visibly interacting with them.

Conclusions: Facebook can be used to remotely deliver weight loss intervention content to college students with the help of a
health coach who can iteratively tailor content and interact with participants. However, visible engagement with the study’s
Facebook page was highly variable and declined over time. Whether the level of observed engagement is meaningful in terms of
influencing changes in weight behaviors and outcomes will be evaluated at the completion of the overall study.

(J Med Internet Res 2014;16(6):€158) doi:10.2196/jmir.3267

KEYWORDS

overweight; obesity; students; social networking; behavior; social behavior

Introduction

Approximately 1in 3 college students are overweight or obese
[1] and most students gain weight during college [2]. Total
weight gain over 3 years has been estimated at 10 pounds and
is characterized by a significant increase in percent body fat
and adecreasein lean muscle mass[3]. Weight gain during this
time can initiate a trend toward long-term weight gain [4] and
increase ones' risk for devel oping Type 2 diabetes[5], coronary
heart disease [6-8], and depression [9] in adulthood. Weight
gain in young adults is also associated with psychological
distress, such aslow self-satisfaction and aloss of identity [10].

Commonly used approachesto weight lossmay not be effective
for this population [11,12]. For example, more than half of the
college students enrolled in a study that required just 1
on-campus counseling session per week quit after 3 months
with 75% citing lack of time as their reason for leaving [11].
College students may belesslikely to drop out of interventions
delivered viathe Internet (eHealth) [ 13] or mobile/social media
(mHealth) [14] because these interventions can be delivered
remotely and conveniently. At least one Internet-based
randomized controlled trial (RCT) demonstrated good retention
with just 18 of 159 participants lost to follow-up during the
intervention [15].

Both mHealth and eHealth interventions have the potential to
engage college students because online, social, and mobiletools
are aready integrated into their lives. The young adult
population, age 18-29 years, has the highest smartphone
penetration [16] and 88% of college students connect to the
Internet using a mobile device [17]. College students are also
highly connected viaonline socia networks[17] with Facebook
being the most popular [18]. Compared with other Facebook
user groups, young adults more frequently access the site each
day to update their status, comment, and “like” their friends
content [19].

In addition to its popularity, Facebook is an attractive platform
for health promotion because it fostersinteractivity among users
and encourages content creation [20]. The Facebook user
experienceisacombination of human-computer interaction and
computer-mediated communication [21]. Therefore, health
behavior interventions should consider how participants use
Facebook (ie, human-computer interaction) aswell asanticipate
how participants communicate through Facebook (ie,
computer-mediated communication). Facebook mediates
communication between friends by facilitating the sharing of

http://www.jmir.org/2014/6/e158/

personal content and the provision of feedback. Friendsvirtually
interact with one another by posting photos, messages, and links,
and by liking and commenting on friends' posts. This creates
acommunity where socia interactions account for much of the
time spent on the site. Health interventions can leverage this
community by creating a Facebook page to reach participants
while they interact in rea time. A complete review of
Facebook’s features in the context of behavioral research was
published by Wilson et al [22].

Similar to being part of an online health community, Facebook
users can motivate one another to achieve their goals [23].
However, Facebook users differ from online health community
membersin terms of motivesfor site use, strength of social ties
on the site, and activities engaged in while on the site. For
example, Facebook users are frequently members of many
different nonoverlapping friendship networks and, within each,
preferences for sharing personal health information may vary
[24]. Thus, users are selective about how and what they share
on Facebook, balancing the need for impression management
and socia support [24,25].

Users commonly “lurk” online, passively reviewing content
without visibly connecting to other users or information [26].
Lurking behavior can be prompted by a desire for privacy, a
function of individuals' virtual behavior tendencies, or some
combination of factors. Benefiting from membership in online
social networks, however, may not require visible participation:
individuals who passively engage have reported receiving high
levels of social support for weight loss[27]. Onlineinterventions
encouraging social support may increase engagement [28] and
exchanging social support on social networking sites (ie,
Twitter) has been linked to weight loss [29].

Facebook enablesthe provision of timely social support aswell
as the giving and receiving of behavioral feedback, which is
also important for weight loss. Meta-analytic data suggest that
interventions that give participants’ feedback on their diet and
physical activity are more effective than those that do not
(pooled effect size: Cohen’s d=0.42) [30] and that delivering
personally relevant feedback improves adherence to online
interventions (pooled effect size: Cohen's d=0.22) [31].
Qualitatively, individuals have referred to their mobile devices
as “virtua companions’ that provide real-time support and
feedback [32].

Another way that Facebook might beleveraged to changeweight
loss behaviors is through normative influence. For example,
individuals who received messages on Facebook encouraging
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themto vote in apresidential election that were based on social
norms were significantly more likely to vote than those who
received an informational message[33]. Moreover, thismessage
spread within individuals social networks, increasing the
likelihood that the recipients’ friends and friends of friends
would vote[33]. Thus, weight lossinterventions using Facebook
might be able to capitalize on participants’ social networks to
promote the spread of healthy dietary and physical activity
behaviors[34].

Although Facebook enables the delivery of evidence-based
behavior change techniques, such as the provision of social
support and positive normative influence, deploying
interventions based on traditional theoretical frameworks via
this medium may not work. Facebook interactions are
intermittent (asynchronous), involve multiple actors, and social
norms dictate observable communication among users. As a
result, interventions delivered through Facebook are inherently
dynamic and fluid, requiring an adaptabl e theoretical approach.

An alternative to using traditional theories to design online
intervention content is to use a behavior change technique
framework, such asthe oneformulated by Michie and colleagues
[35,36]. Behavior change techniques represent the smallest
identifiable components of an intervention and can be used
flexibly, whichisideal for atechnology-based intervention [37].
For example, multimedialearning highlights the importance of
“scaffolding,” or adjusting the degree of difficulty of the
presentation of information based on the learner’s status (ie,
novice to expert). During the course of an intervention,
participants develop mastery and messages delivered at the
outset may no longer prove useful [37]. In addition, behavior
change techniques support specific instructions on how to
prompt behavior change, facilitating their adaptation to
technology-based interventions [38]. Also, the specificity of
behavior change techniques makes clear the competencies
required to deiver the technique. For example,
modeling/demonstrating the behavior is a behavior change
technique that is more difficult to deliver remotely than
prompting action planning, which involves detailing when,
where, and how often a behavior will be performed [36].

To our knowledge, no published studies have used a behavior
change technique framework to design and deliver intervention
content via Facebook. However, Michie and colleagues
framework has been used to analyze the content of
Internet-based interventions[39] and has been incorporated into
instruments used to analyze the theoretical content of mobile
apps [40] and online intervention adherence [31]. This
framework has also been used to conduct a meta-regression of
129 diet and physical activity interventions, which found that
interventions using self-monitoring plus at least one other
self-regulatory technique from control theory [41] werethe most
effective at changing behavior (Cohen’s d=0.42) [30]. A recent
review found that the most effective Internet-based interventions
used the most behavior change techniques [39], suggesting that
delivering multiple behavior change techniques through
Facebook may be a valuable approach to improving health
behaviors.
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In addition to devel oping an appropriateintervention framework,
it is equally important to consider how using Facebook will
impact the acceptability of and adherence to the intervention.
The few studies published to date suggest that young adults
accept behavioral interventionsthat use Facebook. For example,
Cavallo et a [42] tested the feasibility of a Facebook-based
socia support intervention to increase physical activity among
sedentary college students and found that two-thirds of
participantswould recommend the program to friends. However,
they did not find the Facebook condition to be more effective
than the control condition in increasing students perceived
social support for physical activity or self-reported physical
activity [42]. Similarly, Napolitano et al [43] demonstrated that
a Facebook intervention for weight loss was popular among
college students, but did not find Facebook intervention elements
alone to be effective. However, neither of these studies fully
leveraged Facebook’s capacity to serve as a dynamic 2-way
communication channel between the participants and the study,
and between participants and their existing friendship network.

Whether social networking sites can be used as a novel setting
for health promotion is currently a matter of debate with some
concluding that the dearth of evidence linking online
participation with offline health activities and/or positive health
outcomes suggests investigators should proceed with caution
[20]. What is largely missing from this conversation, however,
is the recognition that standardized and validated metrics for
evaluating intervention exposure and engagement are required
before Facebook intervention efficacy can be addressed.

Evaluating exposure and engagement requires accurately
capturing metrics of intervention delivery and adherence, yet
most early Facebook research has either tallied these data
manually [42,43] or used publically available Facebook Insights
data[44]. Manually entered data are prone to human error and
unlikely to be comprehensive. Facebook Insightsdataare limited
because they are aggregated up to the page level and individual
participants’ data cannot be visualized. In addition, al fans of
the page areincluded in Insights’ capture, which contaminates
analyses of open pages because nonstudy participants may be
responsible for some/most of the page interactions. Also,
Insights data can have questionable internal validity. For
example, Insights data defines reach as the message being
visible on one's persona page (ie, news feed) despite the fact
that thereis no evidence that the individual has attended to this
information. An alternative to objectively capturing engagement
and exposure data is to ask participants to self-report their
Facebook use during the course of an intervention. Participants
in at least 1 Facebook-based intervention self-reported on the
frequency with which they saw the study’s posts in their
newsfeed, how often they visited the study page, and other
metrics [45]. These self-report data may be particularly useful
for capturing data on lurking [26].

Also prior to assessing Facebook intervention efficacy, it is
important to consider what defines a satisfactory level of
exposure and engagement. Paradata (eg, number of website
log-ins) have been used to explore participant involvement and
identify the more/less popular components of online
interventions[46]. However, extending thistype of data capture
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to online socia networking sitesin the context of aweight loss
RCT has not been reported.

The present study had 2 goals. First, to present a way to
objectively quantify and qualitatively explore participant
exposure to and engagement with the Facebook page that is
currently being used in a weight loss RCT of 404
overweight/obese college students. Second, to describe
participant exposure to and engagement with various weight
loss campai gns grounded in abehavior change technique model
and delivered through Facebook. This study defined overall
exposure as the number of Facebook posts delivered by the
health coach (ie, dose delivered) and engagement as the number
of posts participants interacted with (ie, dose received) as well
as participant-initiated posts. These dataare based on an interim
analysis of a2-year RCT evaluating aweight loss program for
young adults [47].

Methods

Participants

The study used a rolling recruitment strategy whereby
participants were recruited over ayear'stime. From May 2011
to May 2012, 404 students were recruited from 3 Southern
Cdliforniauniversitiesto participatein aweight lossintervention
delivered through social and mobiletechnologies called project
SMART (social and mobile approach to reduce weight).
SMART is 1 of 7 studies funded by the National Heart, Lung,
and Blood Ingtitute to target wei ght loss/weight control in young
adults. The primary outcome of SMART is weight loss at 24
months from baseline.

Inclusion criteriawere: (1) age 18 to 35 years, (2) body mass
index (BMI) 25-40 kg/m?, (3) owns a personal computer, (4)
owns a mobile phone and uses text messaging, and (5) a
Facebook user or willing to join. Exclusion criteria were: (1)
comorbidities of obesity that require clinical referra (eg,
diabetes), (2) psychiatric or medical conditions that could
prohibit study compliance (eg, bipolar disorder), (3) taking
weight-altering medications, (4) pregnant or intending to get
pregnant over the next 2 years, and (5) enrolled in or planning
to enroll in another weight |oss program.

Procedures

Onlineand in-person recruitment strategiesincluded banner ads
on campus websites, a Facebook page, listservs, health fairs,
and student orientations. These recruitment channels directed
potential participantsto the study website where they could take
an eligibility survey and learn more about the study. Eligible
participants were randomized into 1 of 2 groups: social and
mobile intervention (n=202) or online education-only control
(n=202). All participants provided written informed consent
and the university’s Ingtitutional Review Board approved the
study protocol (University of California San Diego, California
State University San Marcos, and San Diego State University).

Participants attended a measurement visit at baseline and every
6 months for 24 months, conducted at the students’ university.
Self-report data collected at the visit included demographics,
dietary and physical activity habits, psychological
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symptomg/states, quality of life, Facebook usage, and
information about participants’ social networks. University
health center staff also measured participants’ height, weight,
waist circumference, and blood pressure at every visit.
Participant compensation increased by US $5 after each
completed visit, from US $20 at basdline to US $50 at 24
months. Participants who completed their visit within a2-week
window of their scheduled visit (1 week prior to 1 week after)
received double the compensation (eg, US $100 for their fina
visit at 24 months).

Intervention and Control Conditions

The intervention group had access to a study-specific website,
blog, apps, Facebook page, text-messaging component, and a
health coach. Upon entering the study, al intervention
participants were asked to like the Facebook page. After liking
the page, users were considered fans of the page and could see
all posts in their news feed. Because the Facebook page was
open, nonstudy participants could also become fans and view
and engage with its content.

A health coach (a registered dietitian) remotely delivered all
intervention content to the 202 intervention participants. The
health coach moderated the Facebook page, and posted to the
blog. Participants could contact the health coach up to 10 times
(Lifelines) via Skype, email, phone, or text. Alternatively, the
health coach could reach out to participants a maximum of 10
times (Lifesavers). The health coach used Lifesavers when
participants gained >5 pounds since study entry or had not
logged into at least 1 of the study’stoolsin >1 month.

SMART intervention tools were branded as ThreeTwoMe,
symboalizing the role of the college student within a broader
social ecological context [48,49]. Three represents the student
in hisher community, Two represents the student in his/her
friendship network, and Me represents the student’s individual
behavior change needs. All intervention tools used the same
ThreeTwoMe brand identity (ie, logo, imagery, colors). The
control group received aself-guided educational program called
SMART Hesalth Toolsthat offered standard-of-careinformation
disseminated via a different study website with minimal
interactive features. Online log-ins were monitored weekly to
detect possible contamination of control group participants (ie,
exposure to the intervention). Additional details about the
intervention’s methods have been published el sewhere [47].

Facebook

Conceptual Model

Abraham and Michie's 26-item behavior change taxonomy [35]
was used to create a conceptua model caled iISIMPLE
(intention formation, self-monitor, make plans, execute) for the
Facebook campaigns (see Figure 1). Thetaxonomy isgrounded
in theory known to enhance behavior change, including the
theory of reasoned action [50], social cognitive theory [51],
control theory [41], operant conditioning [52], theories of social
comparison [53], and theories of social support [54]. iISIMPLE
was based on the 5 most effective behavior change techniques
identified in a meta-regression analysis[30]. These techniques
areintention formation, action planning, feedback, goal review,
and self-monitoring.
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Figure 1. Conceptual model iSIMPLE (Intention formation, Self-monitor, Make plans, Execute) used in the design of the SMART study’s Facebook

campaigns for weight loss behaviors.
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Facebook Campaigns

Campaigns were intervention periods (eg, week of
Thanksgiving) with a specific relevant theme (eg, mindless
eating). iSIMPLE was used to design Facebook campaignsthat
were either sequenced or nonsequenced. Sequenced campaigns
implemented the behavior change techniques in a hierarchical
manner, consistent with atemporal sequence in how behavior
change is thought to occur [55,56]. For example, participants
werefirst asked to join the campaign and pledge to changetheir
behavior (ie, intention formation). Pledge requestswere followed
with action planning wherein participants were prompted to
describe when, where, and how they would change their
behavior. Throughout the campaign, the health coach provided
feedback and conducted goal reviews, prompting participants
to revise and adjust their goals as needed. While participants
worked toward behavior change, the health coach also prompted
for self-monitoring. Participants were prompted to observe and
record their diet and physical activity behaviors on Facebook
(eg, Facebook poll) as well as on the study website and apps.
For exampl e, participants were asked to record their daily steps
during apedometer campaign by posting their steps on Facebook
(public option) or viatext message (private option).

Nonsequenced campaigns used the same behavior change
techniques, but participants were not explicitly asked to join
the campaign and messages pushed to participants were not
systematically ordered. Nonsequenced campaigns exposed
participantsto similar content as sequenced campaigns, but the
posts did not outline an explicit campaign-based goa the
participant should work toward. For example, an unstructured
January campaign delivered motivational posts that mapped
onto various behavior change techniques, but participants were
not asked to complete specific tasks to meet a campaign goal.
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Designing and delivering sequenced and nonsequenced
campaigns enables the comparison of ordered behavior change
techniques. It was theorized that having 2 different campaign
structures may maximize overall participant engagement. Some
users may be moreinterested in being challenged and pledging
to participate in a campaign, whereas others may prefer to
receive content that asks less of them in terms of overt online
participation. It also may be the case that delivering too much
dynamic content is problematic: there is some evidence that
adding layers of complexity to onlineinterventions can decrease
participant engagement and intervention effectiveness [57],
exacerbating the problem of reduced motivation to engage with
online tools over time [31].

Behavior change techniques not specified in iISIMPLE were
also used as needed. For example, the ThreeTwoMe health
coach could provide contingent rewards (ie, prizes based on
completion of an activity) and model behavior (eg, post alink
on how to correctly do a push-up). The health coach aso
delivered behaviora cues to action messages [58,59]
alongside/in place of preplanned messages (ie, Facebook posts
that were designed a priori as part of a campaign) dependent
upon user engagement and participant feedback. For example,
the message “ 30 minutes of exercise per day is recommended,
even if it's split apart. That's only 3% of your day, so start
moving!” was sent as a behavioral cue message in the late
morning after students’ gave feedback that thiswasagood time
to remind them to plan for their day. The health coach also
delivered “filler” messages that included posts tailored to our
audience, such as “Good luck with finals this week!”

Although the iISIMPLE model is focused on the individual, it
is supported by the socia support platform inherent to
Facebook’s architecture. Some of the Facebook campaigns
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asked participants to engage their social networks to make
successful behavior change morelikely. For example, Facebook
posts often prompted participantsto be active with their friends
and discuss their goals with them. In-between campaigns,
Facebook content was often less theoretically informed and did
not necessarily map onto behavior change techniques. For
example, apost to promote eating vegetableswas an infographic
of the actor Patrick Dempsey holding a bushel of kale.

Process M easures and Analysis Plan

Thefindings presented here represent away in which exposure
to and engagement with Facebook can be conceptualized for
the purposes of health behavior intervention research. These
analyses focused on Facebook posts delivered by the health
coach and posts received by study participants. The measures
used to define exposure and engagement are presented
subsequently.

The study’s Facebook page was created on August 7, 2011, the
same day the first participant was randomized. General posts
aimed at helping participants lose weight and be healthy were
delivered for the first ~45 weeks of the intervention. During
this time, the research team focused on integrating the various
channels (eg, apps, text messaging, Facebook) and testing
various Facebook messages. The first campaign was launched
on June 21, 2012.

For purposes of the present study, Facebook data from August
7, 2011 and May 27, 2013 were collected. These dates include
the first (August 7, 2011) and last day (May 27, 2012) of
participant randomization. It is important to point out that
because of rolling recruitment, participants were exposed to
varying amounts of Facebook content delivered before the start
of the first campaign. For example, participants randomized in
the first month of recruitment were exposed to approximately
10 months of noncampaign content, whereas participants
randomized in the last month of recruitment were exposed to
approximately 2 months of noncampaign content. However, all
participants were exposed to the same 8 campaigns analyzed
here aswell asthe same noncampaign content posted in-between
campaigns (ie, noncampaign content delivered after the start of
the first campaign).

For participant-level analyses, thefirst 12 months of data based
on each participant’'s start date were used. For post-level
analyses, al 21 months of data were used so that the first 8
campaigns could be evaluated.

Facebook query language was used to retrieve data from
Facebook’s social graph. Data were downloaded in JavaScript
Object Notation (JSON) format. Given that this study’s
Facebook page was open, nonstudy participants could like it
and become afan. Therefore, the exported data contained some
nonparticipant Facebook activity. However, these data were
excluded by only including data associated with Facebook
identifi cation numbers belonging to study participants. The data
obtained via Facebook’s socia graph were merged with baseline
survey datain SPSSversion 20 (IBM Corp, Armonk, NY, USA).

http://www.jmir.org/2014/6/e158/

Merchant et al

Exposure

Dose Delivered

Dose delivered was defined at the Facebook post-level unit of
analysisasthe number of unique posts made by the health coach
to the study’s Facebook page. The number of health coach posts
was summed over the course of the study’s first 21 months
(August 7, 2011-May 27, 2013). Therefore, thismetric includes
posts made both during and outside of campaigns. An example
of a status update made by the health coach outside of a
campaign was. “This is a great checklist for a healthy pantry.
Areyouin good shape??’ Thispost included alink to an article
about tips for keeping a healthy pantry. Campaign versus
noncampaign postswere not always qualitatively different when
considered individualy; rather, posts made during campaigns
were qualitatively different in aggregate (ie, because they were
part of a cohesive message/plan).

Feedback Delivered

The number of comments the health coach made on participant
postsand the number of timesthe health coach liked participant
posts were summed and used as a measure of the dose of
feedback delivered.

Engagement

Dose Received

Dose received was defined at the post-level and the
participant-level unit of analysis. Post-level dose received was
defined asthe number of posts made by the ThreeTwoMe health
coach that participants interacted with. Participants could
interact with apost by liking, commenting, sharing, or answering
(if the post was a poll). Post-level dose received was analyzed
asabinary variable (post wasinteracted with: yesor no) aswell
as a continuous variable (total number of interactions with the
post). Participant-level dose received was defined asthe number
of participant interactions stratified by interaction type (eg, like).
For example, a participant who liked a photo on the
ThreeTwoM e page was said to have “received” that post.

Participant-I nitiated Posts

The number of posts participants made to the study’s Facebook
page was summed. These datarepresent participant activity that
was either motivated by the participant independent of the health
coach prompting for it or the health coach calling for participants
to post. For example, a participant may have heard about a diet
from a friend and sought the health coach’s advice by posting
about it. Differently, a participant may have posted a picture of
a mea he/she recently made that met a challenge the health
coach put to participants. Both types of participant-driven
communications made directly on the ThreeTwoM e page may
represent a higher level of engagement than dose received
because they involve partici pant-initiated contact with the study
as opposed to study-initiated contact with participants. For
example, aparticipant who proactively visited the ThreeTwoMe
page and posted a message about how many steps he/she took
that day may be more engaged than a participant who only liked
messages posted by the health coach that show up in his’her
news feed.
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Facebook posts can extend into along thread of comments and
corresponding  likes, representing interactivity between
participants and the health coach and/or participants and
participants. For the purposes of this study, only interactions
between participants and the health coach were considered.
Interactions were defined as participant comments, etc, made
to posts originating from the health coach (dose received) and
likes or comments from the health coach to participants posts
(feedback delivered). Participant comments, etc, that were made
to participant-initiated posts were not considered because the
focus was on dose received from the health coach, not dose
received from fellow participants. Table 1 summarizes the
af orementioned definitions of exposure and engagement.

Merchant et al

Participants who interacted with the ThreeTwoMe Facebook
page at least once per week were categorized as highly active
and those who interacted at least twice per month were
categorized as active. The remaining participants were
categorized as either somewhat active (interacts >once per
month) or minimally active (interacts <once per month). These
mutually exclusive cut points were based upon Facebook user
patterns seen in this intervention, but are similar to
categorizations delineated in earlier work. For example, a
previous study categorized participants as active if they posted
to Twitter at least once per week [29].

Table 1. Defining measures of intervention exposure and engagement on Facebook.

Intervention Definition Types of posts/interactions Direction of posts/interactions
Exposure
Dose delivered Posts made by thehealth coachonthe  pogts: status update, photo, link, poll, 2 Health coach to ThreeTwoMe page

ThreeTwoMe Facebook page video

Feedback delivered Health coach interactions with posts
made by participants on the ThreeT-
woM e Faceook page; also can be
health coach interactions with com-
ments made by participantsin re-

sponse to ThreeTwoMe posts

Interactions: like, comment

Health coach to participant

Engagement
Dose received® Participant interactions WiFh ThreeT- Interactions: like, comment, poll re-  Participant to ThreeTwoMe page
woMe Facebook posts delivered by  sponse, share
the health coach
Participant-initiated posts  Posts made by participants on the Posts: post, photo, video, link Participant to ThreeTwoMe page

ThreeTwoMe Facebook page

3Facebook removed the poll featurein April 2013.

PDose received was analyzed at the post-level (post interacted with: yes/no) and at the participant-level (number of participant interactions stratified by

interaction type).

Semistructured | nterviews

A total of 29 participants (15 treatment, 14 control) were
interviewed between May and July of 2013 as part of a
qualitative study. Participants were “intercepted” at the end of
one of their measurement visits and those who agreed to be
interviewed were provided with an additional US $25 incentive
(gift card to Target). Intercepted participants comprise a
convenience sample; however, a concerted effort was made to
sample from maes and females, and students from al 3
universities. Although participants from al 3 universities were
approached, most of the sample came from the University of
Cdifornia San Diego (23/29, 80%). Most participants
interviewed were female (17/29, 59%). Interviews lasted
between 30 and 60 minutes. Interviewees were asked about how
they used the study’stools and how they engaged in their social
network to meet their health-related goals. All interviews were
tape recorded and transcribed. Two investigatorsindependently
reviewed the interviews using principles from grounded theory
[60].

To explore the common practice of lurking in online health
communities [26], selective results from participants
semistructured interviews are described here. Approximately
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40% (12/29, 41%) of participantsinterviewed described lurking
on Facebook. Lurking is defined as members of online health
communities passively receiving social support and information
by reading messages without visibly interacting [23,26,27,61].
On Facebook, lurking can be defined as users viewing posts but
not interacting with them in away that is visible to their social
network. For example, commenting on a post makes the post
visible to other members of the network and the content and
source of the post becomes public, whereas reading or clicking
on apost does not make it public. Previous work hasfound that
approximately half of online health community membersinteract
passively and that this type of engagement may play an
important role in weight loss efforts [23,27].

Results

Overview

Table 2 provides descriptive statistics for the intervention group
stratified by gender. A total of 3 of the 202 participants
randomized to the intervention group were missing data (final
N=199).
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At baseline, 16.6% (33/199) of participants self-reported logging
onto Facebook zero times per day on either a laptop, desktop,
or mobile device, followed by 39.0% (77/199) logging on 1-3
times, 27.6% (55/199) logging on 4-8 times, and 17.1% (34/199)

Merchant et al

logging on 8 or more times per day. Participants reported
spending an average of 60 minutes per day on Facebook (median
60) on both week (IQR 90 min/day) and weekend days (IQR
120 min/day).

Table 2. Baseline characteristics of the intervention group by gender (N=199).

Demographics Total Men Women

N=199 n=59 n=140
Age (years), mean (SD) 22.0(3.8) 23.0 (4.6) 21.6 (3.3
Race, n (%)

White 85 (42.7) 22 (37.3) 63 (45.0)

Black 7(3.5) 0(0) 7(5.0)

Asian 45 (22.6) 17 (28.8) 28 (20.0)

Pacific Islander 9(4.5) 4(6.8) 5(3.6)

American Indian 1(0.5) 0(0) 1(0.7)

Other 52 (26.1) 16 (27.1) 36 (25.7)
Ethnicity, n (%)

Hispanic 63 (31.7) 17 (28.8) 46 (32.9)
Undergraduate (yes), n (%) 159 (79.9) 45 (76.3) 114 (81.4)
Relationship status, n (%)

Single 100 (50.3) 33(55.9) 77 (55.0)

Engaged, committed relationship, married 88 (45) 26 (44.1) 62 (44.3)

Separated, divorced, widowed 0(0) 0(0) 0(0)
Anthropometrics, mean (SD)

Body mass index (BMI) 28.7 (3.5) 285 (4.7) 28.8(3.0)

Waist circumference (cm) 87.0 (10.8) 93.1(7.7) 84.5 (10.9)

unique messages to the study’s Facebook page over thefirst 21
months of the intervention, averaging 3.45 posts per day (SD
1.96, range 1-13). Overall, 72.96% (1325/1816) of the posts
were interacted with at least once (eg, liked). Most posts were
status updatesfollowed by photos, links, polls, and videos. Most
messages were posted on aweekday (86.01%, 1562/1816).

Exposure

Dose Delivered

Table 3 presents the dose delivered and received of Facebook
data by post type. The ThreeTwoM e health coach posted 1816

Table3. Postsdelivered by the ThreeTwoM e health coach and posts received by participantswhere received isdefined as the post having been interacted
with at least once.

Dose delivered and received Total? Type of Facebook post

Statusupdate  Photo Link Poll Video
Dose delivered, n (% of total) 1816 (100.00) 802 (44.16) 481 (26.49) 400 (22.03) 81 (4.46) 52 (2.86)
Number of posts delivered per day, 3.45 (1.96) 1.92 (1.11) 1.60 (1.02) 1.44 (0.70) 0.20 (0.30) 1.18 (0.58)
mean (SD)
Dose received, n (% of total deliv- 1325 (72.96) 605 (75.44) 386 (80.25) 228 (57.00) 79 (97.53) 27 (51.92)

ered)

8Data represent posts made since the start of the study’s Facebook page to the end of the eighth campaign (August 2, 2011 to May 27, 2013).

coach made 675 comments and 389 likesto participant-initiated

Feedback Delivered posts and participant comments to ThreeTwoMe posts.

The ThreeTwoMe health coach provided ongoing feedback to
participants by liking and commenting on their posts. Over the
course of the first 21 months of the intervention, the health
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Engagement

Dose Received-Quantitative Results

Table 3 presents the post-level dose received results. Defining
dosereceived asabinary variable (post interacted with the post:
yes/no), intervention participants received 72.96% of the posts
(1325/1816 posts were interacted with). Participants interacted
most with polls (97.5%, 79/81 of polls posted) and photos
(80.3%, 386/481) and the least with videos (51.9%, 27/52). Of
the 1816 unique posts, there were 8967 interactions for an
average of 4.94 (SD 5.37) interactions per post. Only
considering posts that were received (n=1325), there was an
averageof 6.77 (SD 5.21) participant interactions per post (range
1-37). Approximately 25% (328/1325, 24.75%) of the posts
received had 1 or 2 interactions, 23.39% (310/1325) had 3to 5
interactions, and 25.13% (333/1325) had 6 to 8 interactions. A
total of 41 posts had 20 or more interactions (3.09%, 41/1325).

Merchant et al

Table 4 presents participant-level dose received by interaction
type and participant engagement category. There was high
variability among participant engagement with the ThreeTwoMe
Facebook page with a range of 0-653 total interactions per
participant. In all, 62 participants never engaged with the
Facebook page (31.2%, 62/199). There were 32 highly active
users (16.1%, 32/199). Likes were the most common type of
participant interaction with the ThreeTwoMe posts (69.86%,
4385/6277), followed by comments (22.45%, 1409/6277), and
poll responses (4.13%, 259/6277). However, polls were more
popular than these data indicate given that there were fewer
opportunities to engage with polls than other post types (see
message-level dose received data presented in Table 3).
Although there were more women (n=26) than men (n=6) in
the highly active category, women (mean 49.47, SD 99.19) did
not interact with the ThreeTwoM e page significantly more than
men (mean 35.17, SD 82.03) (t;35=0.77, P=.44).

Table4. Participants' engagement with the ThreeTwoM e Facebook page by type of Facebook activity and participant engagement category of participants

who ever engaged with the Facebook page (n=137).

Engagement category® Total interactions Type of Facebook interaction®
n=6277 Likes Comments Poll responses ~ Shares Posts to page®
n=4385 n=1409 n=259 n=33 n=191
Highly active (n=32), n (%) 5070 (80.77) 3480(79.36)  1201(85.24) 196 (75.68) 20 (60.60) 173 (90.57)
Active (n=17), n (%) 573 (9.13) 442 (10.08) 95 (6.74) 20(7.72) 3(9.09) 5(2.62)
Somewhat active (n=15), n (%) 282 (4.49) 204 (4.65) 63 (4.47) 10 (3.86) 3(9.09) 2(1.05)
Minimally active (n=73), n (%) 352 (5.61) 259 (5.91) 50 (3.55) 25 (9.65) 7(21.21) 11 (5.76)

8Categories are mutually exclusive. Highly active participants: interact with the ThreeTwoMe Facebook page =1/week; active participants: interact with
the ThreeTwoMe Facebook page =2/month but <1/week; somewhat active participants: interact with the ThreeTwoMe Facebook page =1/month but
<2/month; minimally active participants: interact with the ThreeTwoM e Facebook page <1/month.

bData represent quantifiable interaction with the study’s Facebook page over thefirst year of the study based on participants' start date.
CPosts to page are participant-initiated posts and are independent of a post made by the health coach.

Figure 2 shows participants' average number of daily Facebook
interactions after adjusting for the number of posts delivered (#
of interactions per day/# of posts delivered per day).

Figure 3 shows the average contribution per person in terms of
daily Facebook interactions after adjusting for the sample size,
calculated as (# of interactions per day/# of posts delivered per
day)/sample size on that date. The sample size was steadily
increasing until May 27, 2012, a which point al 202
participants were in the study. After adjusting for the number
of participants in the study on the date the post was delivered,

http://www.jmir.org/2014/6/e158/

there was a negative correlation between time (date the post
was made) and engagement (number of interactions per post)
indicating that participants engaged less with ThreeTwoMe
posts over time (partial r=—33; P<.001).

The decline over time may, in part, be because of decreasing
engagement from all but the highly active participantswho were
responsiblefor 80.77% (5070/6277) of all Facebook interactions
(see Table 4). For example, the trend for declining engagement
over time observed in Figure 2 isless pronounced thanin Figure
3, which considers the entire sample in the denominator of its
engagement metric.

JMed Internet Res 2014 | vol. 16 | iss. 6 | €158 | p.192
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Merchant et al

Figure 2. Average daily Facebook interactions per post adjusted for the number of posts delivered.
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Figure 3. Average daily contribution per person per post delivered.
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Dose Received-Qualitative Results

Two themes emerged concerning participants lurking on
Facebook. Some participants lurked on Facebook when they
interacted with their existing friendship network (ie, it generally
characterized their overall social networking behavior), and this
extended into their interactions with the study’s page. Others
lurked mostly on the study’s page because they did not want to
advertise their participation in aweight 1oss study.

“Yeah | Saw It, | Read It”

Participants discussed how they frequently read ThreeTwoMe
posts and those made by their Facebook friendswithout actively
engaging. For example, participants said they commonly clicked
on links and even if they liked the link, they did not feel
obligated to like it on Facebook:

Just because I'm “passive’” doesn't mean I'm

ignoring it.
| guess | don't post a lot on Facebook...I'm more
passive..it would be more interesting if

[ThreeTwoMe] posted more blogs so then | could
easily read or click on [thelink].

http://www.jmir.org/2014/6/e158/
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“Facebook is Too Public a Place to Share My Health
I nformation”

A number of those interviewed talked about how they have
Facebook friends they are not close with and they don't feel
comfortable sharing with these people. Some participants
mentioned taking ThreeTwoM e posts down from their newsfeed
once they realized it was visible to their Facebook friends.

...[you] don’t want to share weight |oss with people
you've met like onetimein class.

Nobody needs to know I'min a [weight loss] study.

Facebook Campaigns

Over the course of the first 21 months of the study, 8 Facebook
campaigns were delivered (4 sequenced and 4 nonsequenced).
All participants were enrolled in the study by the time the first
campaign began. Because of rolling recruitment, however,
participants were exposed to the campaigns at different points
intheir intervention experience. For example, thefirst campaign
began on June 21, 2012, approximately 45 weeks after the first
participant entered the study, which meant that some participants
were approximately halfway through the 2-year intervention
whereas others had just begun the intervention. The last
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participant to be randomized was less than 1 month into the
intervention at the start of the first campaign.

Table 5 presents participant engagement with each of the 8
campaigns. A campaign popul arity scorethat divided the number
of participant interactions by the number of unique posts
delivered by the health coach was created. The health coach
delivered more posts per day (t34,=6.13, P=.001) over the last
4 campaigns (mean 5.10, SD 0.14) compared to the first 4
campaigns (mean 3.40, SD 0.52).

Merchant et al

Thelength of time participants’ were in the study at the start of
a campaign was not significantly associated with the number
of Facebook interactionsfor the same campaign. However, there
was a nonstatistically significant difference (t=2.08, P=.08)
between the number of interactions during thefirst 4 campaigns
(mean 4.69, SD 1.39) and the last 4 campaigns (mean 2.72, SD
1.30). Also, the number of unique participants engaged in each
campaign declined over time (see Table 5).

Table5. Participant engagement with the ThreeTwoM e Facebook page by Facebook campaign.

Facebook campaigns

Popularity ~ Popularity  nameS Dates

Participant engagement,®n

Unique participants  participant interactions” - Unique posts delivered®

rank score? engaged

1 6.73 No candy until Halloween!  10/18/12-10/31/12 51 269 40
)

2 4,28 Gobbleless! (S) 11/19/12-11/26/12 33 107 25

3 4.15 Summer around theworld  06/21/12-09/3/12 75 893 215
& at the Olympics (NS)

4 4,04 Step it up! Pedometer 02/01/13-02/28/13 51 558 138
challenge (S)

5 3.60 Motivation (NS) 01/15/13-01/30/13 53 234 65

6 3.44 Eat right your way (NS) 03/01/13-03/30/13 53 495 144

7 2.27 Get fit anywhere! (S) 04/01/13-04/26/13 43 298 131

8 111 Healthy habits (NS) 05/13/13-05/27/13 28 77 69

@Data represent all Facebook interactions during campaigns since the start of the study’s Facebook page to the end of the eighth campaign (August 2,
2011 to May 27, 2013); total number of interactions with the ThreeTwoM e page outside of campaigns was 4965.

bPopularity score = # participant interactions / # unique posts delivered.
€S: sequenced; N'S: nonsequenced.

9includesall likes, comments, shares, and poll answers madein response to ThreeTwoM e posts aswell as participant-initiated posts (ie, “ poststo page”).
Posts to page were adjusted for campaign duration and were included in this total because most posts to page were made in response to campaign
regquests.

€Unique posts delivered are consistently smaller than Participant interactions because the same post could have been interacted with more than 1 time.

Figure 4 displays sequenced Facebook campaign content
stratified by behavior change technique. The health coach gave
feedback in the form of likes and tailored responses to
participants’ posts. Goal review was frequently tailored to the
individual. General goal review posts asked participants to
revisit their goals and frequently included a self-monitoring
element. Figure 5 shows nonsequenced campaign content and
highlights participant-initiated posts. The heath coach
occasionally posted participants’ content for them because (1)
they were either unable to post directly to the page (due to

http://www.jmir.org/2014/6/e158/

changes Facebook madeto their settings) or (2) participantsdid
not want the post to be visible to their Facebook network (ie,
due to privacy concerns). When this occurred, these data were
counted as part of dose delivered. Note that for Figures 4 and
5 participants consented to having their images used in reports
about the study and that names have been changed.

Table 6 presents sequenced and nonseguenced campaigns,
describing their aims and the amount of visible participation
each received.
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Table 6. Campaign details for 2 sequenced and 1 nonsequenced campaigns.

Merchant et al

Name? Description Pledging Dose received?
Gobbleless! (S) The campaign focused on mindful eating, encouraging partic-  10.6% (21/199) publically pledged 76.0% (19/25)
ipants to be more aware of what, how much, and why they to participate by responding to a
were eating. Tips for how to eat more mindfully included poll on the ThreeTwoMe Face-
taking eating breaks by talking with friends and family at the book page
table, waiting until swallowing before taking a second bite,
and putting the fork down between hites.
Step it up! Pedometer Participants were prompted to wear their pedometer to learn  9.0% (18/199) publically pledged 71.7% (99/138)
challenge (S) their baseline daily steps and encouraged to reach 10,000 steps  to participate by posting a picture
per day by the end of the campaign by increasing their steps  with their pedometer and/or by
by 10% each week. Participantswere given tableswith precal-  ‘liking’ areminder post to take
culated weekly step increases. The health coach posed 3mini-  part in the campaign
challenges during the campaign, aimed at hel ping participants
action plan and find fun and creative ways to increase their
daily steps.
Summer around the The campaign focused on active travel and had a virtual Therewas no pledging because ~ 75.8% (163/215)

world & At the
Olympics® (NS)

scavenger hunt whereby participants earned points for com-
pleting various challenges, such as being active alone or with
friends, and cooking healthy meals. Participants submitted
photos or videos as proof they completed the challenge. An-
other campaign theme was “ Take ThreeTwoMe with you all
summer long!” whereby participants were asked to take pic-
tures with a ThreeTwoMe postcard while being physically
active or eating well.

thiswas anonsequenced campaign

8s; sequenced; NS: nonsequenced.

PDose received is percent of posts participant(s) interacted with =1 time (ie, liked, commented, or shared) relative to number of posts delivered for the
campaign=(# of posts interacted with/# of posts delivered)* 100%.

®This was the study’s first campaign.
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Figure 4. Sequenced Facebook campaign content: Behavior change techniques delivered through Facebook posts.
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Figure 5. Nonsequenced Facebook campaign content: Participant-inititated posts.
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Principal Findings

This study suggests that Facebook is a promising medium to
deliver theory-based weight loss content to college students.
Approximately 73% (1325/1816, 72.96%) of the Facebook posts
delivered were liked at least once by 68.8% (137/199) of the
intervention participants. Although most of the intervention
participants visibly engaged with the study’s Facebook page at
least once, interaction frequency was variable, including some
participants who never visibly engaged, and engagement
diminished over time. Our qualitative resultsindicate that many
participants passively engaged with the page. To our knowledge,
this is the first study to present Facebook process evaluation
datathat is stratified by post type (eg, status update, photo) as
well as post interaction (eg, like, comment). These results
characterize exposure to and engagement with Facebook in the
context of aweight lossintervention. This characterization could
be extended to define evaluation metrics in other socia
network-based behavioral interventions.

Comparison With Prior Work

Despite interest in Facebook as a setting for health promotion
interventions[19,34], little work has been published about how
to best capture online metrics of engagement. Although the
difficulty in maintaining engagement in online interventions
over time is known, conclusions about a study’s efficacy are
often made prematurely without first considering usage patterns
and nonusage attrition [62,63]. Similar to a sexual hedlth
promotion intervention that used Facebook, thisstudy highlights
the importance of defining engagement as well as developing

http://www.jmir.org/2014/6/e158/
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example, the results presented here emphasize the importance
of measuring visible and nonvisible user engagement: without
capturing the common practice of lurking online [26], estimates
of engagement will be underestimated.

Although defining an evaluation framework enables the
assessment of intervention efficacy, questions regarding the
internal validity of engagement metrics remain. Interventions
using socia networking sitesfor health promotion areinherently
limited by overarching socia norms that govern users’ visible
behavior on the site [20]. For example, an individual may feel
compelled to like a post because it has been liked by many
othersin the network (ie, social sanctioning) [20]. In addition,
it remains unclear whether the like feature is an appropriate
measure of engagement or if only comments should be
considered as they suggest a deeper level of attention and
cognitive processing [64,65]. There is evidence indicating that
socia network site use should not be considered homogenous;
direction of interactions and which features are used
differentially impacts outcomes (eg, social capital) [66].
Similarly, different motives for using Facebook predict the use
of different Facebook features (eg, thelike button) [67] and post
type likely influences what features are used.

This study suggests that Facebook engagement metrics should
not be lumped together into a single variable because this may
obfuscate the interactions that are most relevant in terms of
health behavior change. Similarly, metrics of exposure should
be stratified so that differences in engagement by post type can
be evaluated. Uncovering the most rel evant feature use and post
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type will inform the development of better intervention
frameworks.

Theintervention framework analyzed in the present study differs
from earlier work using Facebook in 3 ways: (1) the use of a
behavior change technique framework to generate intervention
content and modify content based on usage patterns and user
feedback, (2) the amount of engagement and social support
provided by the health coach, and (3) the amount of observed
engagement with the study’s Facebook page.

TheiSIMPLE conceptual model used in SMART was based on
behavior change techniques[35] previously demonstrated to be
effective in changing weight loss behaviors [30]. Although
earlier work has used theory to design message content, a
behavior change technique framework has not been used to
design and deliver Facebook content. Many onlineinterventions
use theory only superficially and intervention techniques are
not explicitly mapped onto theory-relevant constructs [39].
Moreover, traditional heath behavior theories may be
underutilized in online designs because they are not flexible
enough to be used in dynamic interventions [68].

In this study, intervention content was supplemented with cues
to action or behaviora trigger messages [58] designed in
response to participant interaction on Facebook. Delivering
messages that are designed based on user feedback and/or user
characteristics may be especially important for engagement with
online interventions given the prominent role the user playsin
computer-mediated interaction [69].

A novel aspect of this study is that the health coach delivered
social support by liking and commenting on individual
participants Facebook interactions. Although Cavallo and
colleagues' Facebook-based intervention had a site moderator
who engaged with participants on Facebook, the moderator did
not provide direct support to individual participants [42].
Previous work has shown that providing frequent and
individualized support motivates overweight and obese
individuals [32], and professional support from a health coach
can have a significant impact on weight loss [23,70].

In addition to professional support, overweight/obese
individuals benefit from peer support [71], and peer support
may be especially important for college students trying to lose
weight [72]. Earlier work using Facebook has promoted the
exchange of social support among participants on the study’s
Facebook page [42,45], an ad hoc network [34], but has not
specifically involved participants existing socia networks[43].

Ad hoc networks can hel p individualslose weight by providing
an online space where individuals with shared goals can
motivate one another [23], but some are hesitant to share with
strangers. Indeed, asizable number of participantsdid not visibly
engage with the ThreeTwoMe Facebook page. Rather, visible
engagement was high among a subset of participants and the
qualitative data suggest that anumber of participantsinteracted
with the study’s page passively. The proportion of participants
who visibly engaged with the study’s page was low but higher
than has been reported in other studies. Cavallo et a [42] found
that just 45% of participants interacted with the study’s
Facebook page once or more over the course of a 12-week

http://www.jmir.org/2014/6/e158/
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intervention, and Napolitano et al [43] found that |ess than 25%
of participants engaged with the study’s Facebook page during
an 8-week intervention.

Limitations

Even though participantsin the present study were more engaged
compared with earlier work, it remains unknown whether
Facebook is a useful medium to deliver behavior change
interventions. The extent to which engagement with online
i nterventions equates with behavior change and the mechanisms
through which engagement changes behavior are not well
understood [46,57,69,73]. Ritterband and colleagues' model
for Internet interventions describes how behavior change is
dependent upon user characteristics and the Web application
with which the user interfaces [69]. Although this model was
developed for more traditional top-down Internet interventions
rather than social network-inspired designs, it provides a
framework through which limitations of the present study can
be considered. Four of the 8 areas deemed critical to intervention
effectiveness are discussed in turn.

Participation is defined as the application’s ability to interact
with the user [69]. Although participants can interact with posts
long after they have been posted by scrolling through their
newsfeed, there is potentially an overwhelming amount of
content to sort through (depending on the number of friendsthe
user has) and posts can become more cumbersome to access
over time. For example, when a participant does not actively
engage with ThreeTwoMe posts, Facebook's
content-personalization algorithm decreases the frequency of
displaying the page's posts on his’her newsfeed—the less the
user interactswith the pagethelessit appearson their newsfeed.
In addition, participants may interact with content passively (ie,
lurk) and their engagement is not captured with objectively
derived quantitative metrics. Asking participants to self-report
their interactions with a Facebook page can circumvent this
issue and provide quantitative data on lurking behavior [45].
However, when self-report data are not captured, such asin the
present study, quantitative estimates of user engagement may
be underestimated.

Burden is defined as the ease with which the user can interact
with the application [69]. Facebook is widely used [18] and
may be especially easy to navigate for college students, but it
may become burdensome when leveraged as abehavior change
tool part of a multiyear intervention. A recent meta-analysis
[31] looking at online interventions found that intervention
duration is negatively associated with study adherence and
intervention adherence (ie, nonusage attrition) [62], and users
report disengaging from Facebook because of boredom, lack
of time, or general disinterest with the site [74].

Lastly, engagement and subsequent behavior change are a
function of delivery and content [69]. Although being able to
use avariety of types of posts (eg, polls, photos) facilitates the
delivery of diverse content, it isunclear which post(s) are most
effective. For example, graphic content, such as photos, may
be popular but their ability to stimulate behavior change is
unknown. In addition, although the present study used an
evidence-based conceptual model to design Facebook content,
it is unknown the extent to which the posts mapped onto the
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behavior change techniques as intended. It is also unknown
whether delivering more- versus less-structured Facebook
campaigns has a measureable impact on behavior change. The
more-structured (sequenced) campaigns had a higher average
popularity score (4.33) than the less-structured (nonsequenced)
campaigns (3.08), but this may be because of seasonal affects
given that 2 of the 4 sequenced campaigns coincided with
holidays, and/or because of the number of campaigns exposed
to given that 2 of the last 3 campaigns delivered were
nonsequenced.

Preliminary results from the present study indicate that
participant engagement with the Facebook page declined over
time. Future work will further evaluate change in engagement
over time as well as qualitatively analyze the content of the
Facebook interactions observed here. Analyzing the valence
and words used in popular posts will inform the creation of
better messageswith the aim of increasing viral spread. “ Going

Merchant et al

viral” is commonly mentioned as a main draw of using socia
networking sitesfor health promotion whereby messages spread
among social networks, reaching avast audience [75].

Conclusions

Facebook can be used to deliver evidence-based weight loss
intervention content designed for college students, but visible
participant engagement is low. Benefits of using Facebook
includethe ability toiteratively tailor content and deliver timely
social support and feedback to participants. Participants can
engage their existing social networks as well as interact with
the study network and the virtual health coach. Facebook also
enables the asynchronous delivery of behavior change
techniques and participants can view intervention content at
their leisure, which may be especialy important for RCTs
among college students. Future research will examine whether
Facebook campaigns based on theory-driven behavior change
techniques improve behavioral outcomes and weight loss.
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Abstract

Background: Knowledge of the psychological constructs that underlie behavior offers valuable design opportunities for
persuasive systems. We use the decision theory, which describes how behavior is underpinned by reward-cost valuations, as a
framework for investigating such psychological constructs to deliver design objectives for weight management technologies.

Objective: We applied a decision theory—based analysis in the domain of weight management to understand the rewards and
costs that surround individuals' weight management behaviors, with the aim of uncovering design opportunities for weight
management technologies.

Methods: We conducted qualitative interviews with 15 participants who were or had been trying to lose weight. Thematic
analysiswas used to extract themesthat covered the rewards and costs surrounding wei ght management behaviors. We supplemented
our qualitative study with a quantitative survey of 100 respondents investigating the extent to which they agreed with statements
reflecting themes from the qualitative study.

Results. The primary obstaclesto weight management were the rewards associated with unhealthy choices, such asthe pleasures
of unhealthy foods and unrestricted consumption in social situations, and the significant efforts required to change habits, plan,
and exercise. Psychological constructs that supported positive weight management included feeling good after making healthy
choices, being good to oneself, experiencing healthy yet till delicious foods, and receiving socia support and encouraging
messages (a though opinions about encouraging messages was mixed).

Conclusions: A rewards-costs driven enquiry revealed awide range of psychological constructs that contribute to discouraging
and supporting weight management. The constructs extracted from our qualitative study were verified by our quantitative survey,
in which the mgjority of respondents also reported similar thoughts and feelings. This understanding of the rewards and costs
surrounding weight management offers a range of new opportunities for the design of weight management technologies that
enhance the encouraging factors and alleviate the discouraging ones.

(J Med Internet Res 2014;16(6):€138) doi:10.2196/jmir.3009

KEYWORDS
design; human-centered computing; behavior; psychology; interaction design process and methods; weight loss; health promotion

of many medical conditions, which have been estimated to cost
$147 billion per year in the United Statesalone[1]. In response
to this problem, a rising number of weight management
technologiesare being devel oped. Because thoughts and feelings
are fundamental drivers of behavior, it is important for

Introduction

Background

Obesity isone of the most serious world health problems of the
21st century. Excessive weight has been identified as the cause
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persuasive technologies to be informed by an understanding of
the psychological underpinnings of behavior. Indeed, genera
frameworksfor persuasive systems design have highlighted the
importance of understanding the motivational landscape [2,3],
or more generally, the persuasion context, which includes the
thoughts, feelings, and attitudes of the individua being
persuaded [4,5].

Psychological understanding can inform persuasive systems
design at varying levels of specificity. At a macro level, there
are context-general psychological principles, such as theories
of behavior change. These theories describe general
psychological principles and offer general strategies for
influencing behavior. These include goa setting theory [6],
transtheoretical model of stages of behavioral change [7], and
social cognitive theory [8]. Such general behavior change
theories have recently begun to influence persuasive systems
design [9]. In addition to aiming to change behavior directly,
persuasive technol ogies can also effect change by targeting the
psychological constructs that underlie behaviors. Indeed,
long-term behavioral changes will be sustained only when the
relevant underlying psychological constructsare altered [4,5,10].
Therefore, in order to influence the psychological constructs
that underpin behaviors, it isimportant to understand what these
constructs are within a specific persuasion context. Unlike
general behavior change theories, these psychological constructs
are not domain general but instead capture the particular
thoughts, feelings, and attitudes that surround behaviorsrelevant
to a specific context, for example, weight loss, smoking
cessation, or road safety. Thus, whereas general theories of
behavior change provide the designer with strategies of how to
change, an understanding of specific psychological constructs
helps inform the designer of what to change. The latter has not
been highlighted in the discussion of persuasive systemsdesign.
In the current work, we propose that the considerations of
rewards and costs in decision theory [10] offer an appropriate
framework for both extracting key context-specific
psychological constructsand also for specifying how to trandate
knowledge of these constructsinto design targetsfor persuasive
systems.

Per suasive Systems Design

Persuasive systems effect change through two primary
(non-mutually exclusive) avenues: shaping external behaviors
or internal attitudes. The overwhelming majority of existing
persuasive technologies focus on external behaviors [11], for
example, a tracker for calorie consumption and exercise
[9,11-14]. Thisisbecause external behaviorsare moretangible,
measurable, and thus easier targets for change. However, the
distinction between influencing behavior vsthought is blurred:
often influencing behavior also promotes new thoughts and
awareness. For example, exercise and calorie trackers increase
user awareness of their activities and intake. There has been a
recent increase in persuasive technologies designed for
psychological influence by encouraging reflection and avareness
about health-related choices. Theseinclude text message-based
interventions that prompt self-reflection [15], a visual garden
display to encourage emotional connection to on€'s levels of
physical activity [16,17], open-ended platformsfor documenting

http://www.jmir.org/2014/6/e138/
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and sharing health decisions, and a shared visual journal for
diet and exercise [14].

It is important for persuasive systems to change attitudes as
well as behavior because attitudes and preferences underpin
human choices and behavior [4,5,10]. In order to produce more
robust behavioral changes, recent persuasive health technol ogies
have started to shape peopl €' s psychological responses, attitudes,
and preferences by applying theories and strategies from
psychology and health research [9,11,18-20]. The pervasive
quality of many technologica systems, such as mobile
technologies, means that they are particularly well positioned
to deliver interventions that target psychological processes.
These advantages of pervasive technologies are summarized
through a description of the many roles that such technologies
play [21]: adevice of “kairos’ that is aways near at hand, the
role of a concierge that offers guidance and information at the
moment of need, apersonal coach that can track personal goals
and context, and ajester that can promote fun interactions (both
personal and social). These properties of technological systems
make them well suited for modifying psychology because they
can evoke new thought processes and emotions in a timely
fashion, customized to the persuasion context. For example,
technologies can be synchronized with electronic diaries or
sensing technologies [22] to know when contexts that prompt
salient psychological states will occur. Finally, thoughts,
feelings, and attitudes are highly personal, and technol ogy-based
systems have the potential to deliver personalized interventions
that cater to thisindividual variation.

While knowledge of genera context-general psychological
principles is highly useful for persuasive design, it is aso
important to understand the specific psychological constructs
that underlie the behaviors in a particular design context.
Persuasive technologies can then aim to alleviate the
psychological constructs that discourage and enhance the ones
that encourage. We propose that decision theory provides a
useful starting point for investigating these psychological
constructs becauseits framework of reward-cost considerations
naturally defines clear design objectivesfor persuasive systems.
We provide a brief overview of decision theory below.

Decision Theory and Reward-Cost Consider ations

The term “decision theory” has been applied to awide variety
of models describing how people make choices that give rise
to behavior. At one extreme are economics-inspired models of
rational agents that calculate the individual utilities associated
with all attributes of choice options and then maximize summed
utility. More psychologically realistic models highlight the
context-dependent nature of attribute valuations[23], with some
models depicting choices as entirely dependent on contextual
comparisons [24], or “one shot” reasoning informed by
heuristics and biases [23]. From a more local perspective, a
large body of recent neuroscience research [10,25] has depicted
decision making as follows. Behavior is characterized as a
choice among possible behavior options. The mind associates
rewards and costs with each behavioral option, and the most
rewarding options are most likely to be chosen. In support of
this, neuroimaging and neurophysiology studies have found
that before achoiceis made, each behavioral optionisassociated
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with a decision value [10], that is, a signal in the brain that
representsamental forecast of the option’s hedonic impact (the
forecasted pleasure to be gained from the option). It is suggested
that the brain computes decision values by summing up the
predicted rewards and costs associated with each option [10,25].
A comparison isthen made of therelative decision valuesamong
behavioral options, and behaviors that are assigned higher
decision values are more likely to be chosen. We emphasize
that decision theory focuses on hedonic rewards (eg, pleasure,
socia value, comfort) and costs (eg, pain, effort, discomfort,
embarrassment). This means, for example, that a choice that
has monetary costisless desirable only because of itsassociated
“emotional cost” of the negative feelings (eg, guilt, pain, worry)
of losing money.

The decision theoretic framework we have described is broad
and is consistent with a wide range of psychological-level
models of decision making [25]. For example, the types of
attributes considered and how they are valued have been shown
to be highly modulated by context and attention [26,27], which
is consistent with psychological models. Also, decision values
may be informed by only a single attribute (consistent with
one-shot heuristic approaches to decision making), or multiple
attributes [25]. Thisframework is also not limited to conscious
attitudes. For example, unconscious saccadesin eye movements
have also been described using reward-cost valuations of
decision theory [24,28]. However, for the purpose of persuasive
systems design, it is usually most practical to focus on the
conscious attitudes that can be elicited from the user.

A key feature of reward-cost considerations, highly relevant for
weight loss, is delayed discounting, whereit has been observed
that delayed consegquences are substantially lessinfluential than
immediate ones [29]. Many studies have shown that decision
valuesinthe brain are significantly moreinfluenced by rewards
and costs that will be experienced immediately rather than far
off in the future [25]. The decreased value of delayed rewards
liesat the heart of most self-control struggles[30] and ishighly
relevant to weight management because weight change mostly
occurs over long time frames. Thus weight-relevant choices
(and all behavior choices) will be moreinfluenced by immediate
feelings than long-term consequences. Immediate feelings can
consist of feelings of physical sensations as well as
psychological feelings of satisfaction. Therefore, when adieter
chooses a healthy snack option, his or her decision values are
usually lessinfluenced by distant attributes, such asthe eventual
weight loss, and more influenced immediate attributes, such as
thefeeling of satisfaction of having made ahealthy choice. This
isimportant to bear in mind when designing persuasive systems.
One possible role for persuasive systems is to transform
long-term consequencesinto moreimmediate feelings (eg, show
pictures of additional fat gained after abig meal).

Recent promising research shows that rewards and cost
valuations can be altered to shift preferences. On aneural level,
it has been found that reward associations for healthy options
can be enhanced to result in preferences for healthier choices.
Prompting a focus on health rather than taste increases the
brain’s decision values (ie, preferences) and choices, for
healthier foods [27]. Prompting thoughts about future events
has been shown to reduce delayed discounting and increase
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decisionvalues (ie, preference) for delayed rewards[26]. Similar
behavioral research has aso found that preferences can be
shifted towards healthier choices. Emphasizing enjoyable
experiences associated with consumption of healthy foods results
in these foods being chosen more oftenin later meals[31]. There
has also been behavioral research showing that preferences for
unhealthy eating behaviors can be decreased. Use of visuospatia
tasks and imagery have been shown to reduce food craving
levels[32].

Applying Decision Theory to I nform Persuasive Design

We propose that the broad framework of decision theory, which
considers the rewards and costs associated with behaviora
options, can be used to inform persuasive systems design. This
iskey to behavior change as deeply rooted behaviors are likely
to have strong emotional components. The framework can be
used as follows. First, the designer specifies the desired and
undesired behaviors within the persuasive design context. The
designer then aims to identify the rewards and costs associated
with these desirable and undesirable behaviors. After the rewards
and costs have been identified, decision theory specifies four
ways in which persuasive systems can encourage desired
behaviors. (1) increase the rewards associated with desired
behaviors, (2) decrease the costs associated with desired
behaviors, (3) decrease the rewards associated with undesired
behaviors, and (4) increase the costs associated with the
undesired behaviors.

Why Decision Theory?

Decision theory is a low-level approach to understanding
behavior that underpins alarge family of motivational theories,
such as Theory of Planned Behavior [33], Theory of
Interpersonal Behavior [34], and Theory of Normative Social
Behavior [34]. Different theories of behavior capture human
motivation at varying levels of abstraction, and with emphasis
on different features of behavior [35]. While all levels of
motivational theory can be useful for persuasive systemsdesign,
we propose that the decision theoretic approach of considering
rewards and costs are at an appropriate level of abstraction to
serve as a dstarting point for investigating the relevant
psychological constructsinvolved. An investigation of rewards
and costs over arange of weight management contextsimposes
minimal assumptionsand offersthe most open-ended foundation
for discovering design opportunities.

Aims of Current Work

The aim of the work reported here is two-fold: (1) to test
whether the decision theory framework of reward-cost valuations
can be used to reveal the psychological constructsthat underlie
behavior and thusinform design of weight management systems,
and (2) to better understand the persuasion context relevant for
weight management, that is, what thoughts, fedings, and
contexts encourage or discourage people’s weight management
efforts.

We present results from an in-depth interview study aimed at
revealing the rewards and costs associated with weight
management efforts. We asked individual sto share the thoughts,
feelings, and contexts that surrounded their weight loss efforts.
We hypothesized that (1) these interviews would reveal some
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key rewards and costs relevant to weight management choices,
and (2) understanding of these rewards and costs would yield
potential design objectivesfor weight management technol ogies.
We organized the presentation of our interview results into
rewards and costs surrounding behaviorsthat discourage versus
encourage wel ght management. Following our qualitative study,
we conducted a Web-based survey to understand the extent to
which the themes from our interviews were experienced over
alarger population. Finally, we discuss the implications of our
results for the design of weight management technologies.

Methods

Summary

We sought to understand the rewards and costs associated with
both negative and positive weight management behaviors. To
do so, we first conducted a qualitative study consisting of
semistructured interviews that aimed to identify the rewards
and costs surrounding weight management behaviors. We then
supplemented our qualitative study with a quantitative survey
to assess the extent to which the themes we extracted from our
qualitative study were experienced over alarger population.

Methods for Qualitative Study

Qualitative Study Procedure

In our qualitative study, we asked individual s about the thoughts,
feelings, and contexts that surrounded behaviors that either
discouraged or encouraged weight loss efforts. Semistructured
interviews were conducted lasting 45-60 minutes. Questions
were structured around the thoughts, feelings, actions, and
situations that surrounded either successful or unsuccessful
weight loss behaviors (see Multimedia A ppendix 1). Participants
were also asked to describe specific instances where they were
either unsuccessful or successful in pursuing their weight goals
and asked to elaborate on the surrounding thoughts, feelings,
and circumstances. We also asked participants general weight
management questions such as weight history, progress, peer
involvement, and strategies used. All participants were provided
with an information sheet and a consent form to sign and return

Table 1. Participant demographics and BMI.

Hsu & Blandford

to the researcher. The study materials, data collection, and
methods of data storage werein accordance with human subjects
guidelines set and approved by the Queen Mary University of
London ethics committee.

Qualitative Study Recruitment

We interviewed 15 individuals with current or previous
experience of trying to lose weight. We included participants
who had previously tried to lose weight so that we could capture
a wider range of experiences, such as having already
successfully maintained lost weight or unsuccessfully given up
diet efforts. We focused on eating habits and, to alesser extent,
exercise. Interview recruitment emails were sent out through
several departmentswithin a UK university. The emailsinvited
individual s and their friends and families who have been or are
engaged in weight control effortsto talk about their experiences
of weight management. The recruitment resulted in 15
respondents, 12 of whom were female. All participantsrecruited
were actively engaged in some level of weight management
activities at thetime of the study, that is, they were either trying
to lose weight (n=13) or just trying to maintain their current
weight, having attempted weight loss in the past, either
successfully (n=1) or unsuccessfully (n=1). All participants
were managing their weight through some combination of
watching their diet and exercise. Agesranged from 27-68 years
with amedian age of 35. Body Mass Index (BMI) ranged from
21.6 to 31.2 with amedian of 23.4. (We note that while all of
our participants either were trying to lose weight or have lost
weight previously, only 5 of our participants classified as
overweight, with BMI>25, and only one those qualified as
obese, with BMI[>30.) Table 1 shows the demographics of
gender, age, BMI, and location for each participant. Of the 15
participants, 13 were based in the United Kingdom and 2 were
based in the United States (and were interviewed on Skype).
They had all completed auniversity degree and spanned arange
of professions including human resources, marketing, interior
design, engineering, science, journalism, publishing, and
accounting. Each participant was recompensed for their time
through the award of a £6/US$9 gift voucher.

P1 P2 P3 P4 P5 P6 P7

P8 P9 P10 P11 P12 P13 P14 P15

Gender  F F M F F F F
Age 3% 30 3 39 3B 43 27
BMI 21 226 223 256 264 275 238

M M F F F F F F
42 68 30 35 56 36 3B 32

228 248 312 232 216 219 234 276

Qualitative Study Analysis

Each interview was audio recorded and transcribed. We then
employed inductive thematic analysis as described by Braun
and Clarke [36]. All stages of analysis were conducted by the
first author, and method and findings were discussed with the
co-author at intervals.

Transcripts were initidly analyzed for patterns across al
interviews to extract themes about constructs that either
discouraged or encouraged weight management. The datawere
repeatedly revisited to consolidate the main themes that were

http://www.jmir.org/2014/6/e138/

present across interviews. Once consistent themes were
identified, all transcriptswerere-analyzed, and all data extracts
relevant to each theme were coded.

Methodsfor Quantitative Study

Quantitative Study Procedure

We supplemented our qualitative study with a quantitative
survey to assess the extent to which the results we found in our
qualitative study were valid across a larger population. While
theinterviews were conducted with highly educated, primarily
UK -based participants, the survey was held among the general
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American public. Our survey asked respondents to assess
agreement with statements that represented the constructs and
themes we uncovered from our qualitative study. We asked
participantsto ratetheir level of agreement on a7-point multiple
choice Likert scale ranging from Strongly Agree to Strongly
Disagree. We also asked participants their age, BMI, and
whether they were trying to lose weight, maintain weight, gain
weight, or did not think about their weight.

Quantitative Study Recruitment

Participants were 100 US-based adultsrecruited using Amazon
Mechanical Turk. To minimize droid respondents, only
participants with an approval rating of 95% or higher on
Amazon Turk were allowed. They were compensated US$1 for
completing our survey. Amazon Turk does not allow participants
to respond twice to the same survey. Participantswere provided
with an information screen and a consent screen on which they
had to click the“1 agree” button in order to demonstrate consent
for participation in the online study. The study materials, data
collection, and methods of data storage were in accordance with
human subj ects guidelines set and approved by the Queen Mary
University of London ethics committee.

Results

Qualitative Study Results

Summary

Our interviews revealed awide range of rewards and costs that
were associated with both negative and positive weight
management behaviors. This supports the relevance of thisline
of enquiry for informing the design of persuasive systems. We
first describe the psychological constructs that discouraged
weight management, which consist of the need to restrict
rewards (positive feelings and experiences) associated with
unhealthy behaviors, and the direct costs (negative feelings and
experiences) associated with weight management efforts. Next
we describe the psychological constructs that surrounded
positive weight management behavior, which consists of
emphasizing the rewards associated with weight management
efforts and the costs associated with unhealthy behaviors.

Discouraging Weight Loss Efforts

Overview

A key challenge to weight loss was the effort needed to restrict
pleasure and change habits, overcome socia pressures, plan
ahead, and exercise. Participants also spoke of the loss of
rewards associated with restricting consumption of unhealthy
foodsand inability to participate freely in social situationswith
food and drinks. Furthermore, participants felt daunted by
thoughts that such weight loss efforts need to be sustained long
term. Many participants voiced frustration over the fact that
weight loss was a slow and unsteady process. Finaly, severa
participants also mentioned negative associations with the
general concept of dieting. We provide more details on these
themes bel ow.

http://www.jmir.org/2014/6/e138/
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Effort of Restricting Pleasure and Changing Habit

Most participants mentioned that modifying diet for weight loss
wasdifficult. Circumstances where healthy eating was generally
reported as being difficult included when bored, tired, stressed,
busy, hungry, unhappy, and also when food was immediately
present. For many, mental space and time were required for
weight loss efforts. Some participants reported feeling that the
effort was not worth it when lifewas more strenuous: “ It's quite
hard sometimes. You've really got to put so much energy into
it and it takes up so much time and space in your life. (In the
past) | just didn’'t want it enough” [P5] and “At the moment |
just don’'t have headspace to be as disciplined as I'd like with
my food” [P15].

L oss of Pleasure

Most participants described food as being a significant source
of pleasure or reward, which they lose out on when trying to
lose weight, for example, “I enjoy food alot, so I'll eat if I'm
not hungry...l don't like to deny myself things | enjoy” [P2].

Restricting Social Participation

Therole of social influence in weight control has been widely
acknowledged [37]. Unsurprisingly, many of our participants
mentioned that social pressures made dieting difficult. About
half of the participants felt that making healthy diet choices
often required going against social expectations when eating
among others: “I went to pub...I realized | would feel like abit
of an outcast if | had something healthy” [P11] and “There'sa
socia pressure to everyone doing and enjoying the same type
of activity” [P13].

Planning

About half of our participants mentioned that weight loss
involved significant planning, which required mental space and
time. Theseinclude planning healthy meal s and snacks, workout
schedules, and how to handle upcoming situations where there
may be temptation to eat or drink too much, for example, “My
biggest thing is you've got to plan the week ahead, you can’t
just wake up and think what exercise do | do today?’ [P5].

Long-Term Commitment Is Daunting

Some participants mentioned being put off by the knowledge
that weight loss efforts needed to be sustained long term. Several
participants had already experienced regaining weight lost on
previous diets. The need for long-term behavior changes
increases the perceived costs of weight loss efforts. For P10
and P15, thelikelihood of regaining the weight afterwards made
weight loss efforts fed less worthwhile: “The hardest thing is
kind of recognizingit'sashift inlifestylerather than something
you do for alittle while and give up on” [P10] and “It's also
the long-term thing that looms over me...you've got to do that
for the rest of your life. Otherwise there's no paoint” [P15].
However, we note that this perception was not the case for all
participants, and there were other participants (P8 and P13) who
mentioned that maintenance was much easier than trying to
lose.

Frustration Over Slow, Unsteady Progress

Several participants felt frustrated that they could not
immediately experience rewards for their healthy behaviors.
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They felt frustrated at the slow and unsteady nature of weight
loss. P7 described the need to focus on motivations other than
weight loss: “Don’'t want to be reminded what weight | am.
That's not motivating! Because it doesn't change quickly
enough, you just don't feel any progress fromit” [P7].

P5 and P13 both voiced frustration over the fact that consistent
adherenceto diet and exercise regimensdid not alwaystrand ate
to regular weight loss. They both discussed how much easier it
would beif weight just decreased at a steady rate, for example,
“If I’ve spent several days exercising like crazy, not eating the
things and not drinking...and nothing is happening, I'm
angry...Sometimes you can eat aload of food and |ose weight.
| think in away we'd prefer it to be abit fairer” [P5].

P13 expressed particular frustration over the simplistic nature
of calorie and fitness tracking applications, which implicitly
assume that calorie deficits readily trandate to weight loss,
which was not the case for her:

Another thing about the technol ogy, because you keep
putting the caloriesin, because it’'s so quantitative |
feel likewell “ shouldn’t | belosing theweight?” , and
it isn't necessarily that way, a calorie in isn't a
calorie out, there is so much else going on in the
physiology, so actually just seeing the quantitative
representation of what you're eating, vs how much
you should be losing weight, it’s dispiriting. [P13]
Notion of Diet |s Unappealing
Many participants expressed negative associations (ie, costs
associated) with the concept of “being on a diet”. They
expressed dislike of overemphasizing the importance of dieting
and/or didliked thinking of themselves as formally being on a
diet. P11 and P15 mentioned that too much focuson dieting felt
superficial. P3 described dieting as pretentious: “ (Dieting) feels
prissy, feels pretentious. I'm aman, | have a big appetite, | do
what | want when | want” [P3].

P9 and P12 felt that afocus on “dieting” would be ineffectual
and even counterproductive: “If you asked me if | were on a
diet, I'd say no. (Tome, dieting is) this sort of deliberate pushing
yourself kind of thing, and I'd say I’'m not doing that, | don’t
know that it would work for me” [P9] and “I’ve found that
worrying about weight per seisvery counterproductive, screws
me up and focuses on the wrong things® [P12].

Encouraging Weight Loss Efforts

Overview

Our interviews showed that there are a variety of rewards
associated with weight management. These included feeling
good after making healthy choices, being good to oneself, social
support, and receiving encouraging messages. (However, there
were significant individual differences in response to socia
support and encouraging messages, which we describe below.)
All participants mentioned the importance of personalization
in order to find strategies that were easiest and most effective
for the individual. Several participants noted that weight loss
efforts eased with time. Several participants spoke of making
healthy choices easier by emphasizing the costs associated with
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unhealthy choices. We discuss these constructs that encouraged
weight loss—promoting behavior in detail below.

Per sonalized Strategiesfor Reducing Effort

Many participants spoke of using personally tailored strategies
to reduce the costs of their weight loss efforts. P2 and P5 found
increased exercise most helpful for weight loss. They found
exercise enjoyable and easier than restricting food. P4 had found
a successful diet that consisted of low carbohydrate breakfast
and lunch and no restrictions for dinner. She spoke of how this
diet was surprisingly very easy to stick to because it was
extremely well suited to her because she enjoyed eating meat.
P9 described the strategy he adopted to fit around his unusually
variable schedule, which included commuting between different
cities. This erratic schedule prevented him from being able to
plan ahead easily, and instead helooked to being “ opportunistic”
and taking advantage of circumstances in the moment, where
it seemed easy to eat lighter meals rather than planning food
restriction ahead of time:

| haveto be opportunistic, | don't think it would work
if | was marking my diary ahead of time...it might
just feel wrong that day. Or | might feel hungry. But
on the other hand, if I've met my son for lunch and
we had a small meal out, then | can say that's my
main meal then | can be opportunistic, that's
relatively easy to do. [P9]

P11 talked about how she would consciously slow down her
thinking to consider what she really wanted/needed to consume
rather than reacting automatically to grab more unheathy
choices. She discovered that if she was mindful about what she
really wanted, often she did not actually crave unhealthy foods
after all and would prefer foods such asteaand salads over wine
and cakes.

All participants acknowledged the importance of finding the
right strategies for them. They used such phrases as
“everybody’s different”, “I know other people who (are
different)”, and “you have to find what works for you”. Across
theinterviews, personal physiologies, life circumstances, tastes,
and preferences varied widely. Indeed, research has shown that
individuals can have very different physiological responses to
the same diet and exerciseroutines [38,39]. For example, people
varied widely in termsof how their bodies responded to exercise
and how their guts responded to foods. This variation was
evident in our participants experiences. For example, in contrast
to P5 and P13, who experienced significant periods of weight
stagnation despite adhering to diet and exercise, P9 was
surprised at how immediate hisweight losswas—he said every
time he ate lightly for one meal the night before, he could see
measurable changes on the scale amost the next morning.
Similarly P10 mentioned that significant weight |oss happened
for her only when she drastically reduced sodium intake, a
phenomenon that no other participants mentioned. Variation in
participants’ personal preferences obviously affected the
appropriateness of particular weight loss strategies. P13 talked
about how a high protein diet was difficult because she did not
enjoy eating meat, in contrast to the success of P4 on such a
diet. P1 spoke of how calorie restriction was far more effective
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than exercise, which isin contrast to the experiences of P2 and
P5.

Easier With Time

Many participants mentioned that their weight loss efforts
became easier with time: “| found it was harder for first couple
weeks, and then it just became a habit to track the calories and
not eat. You got used to feeling hungry” [P8].

Good Fedlings, Pride, and Control

Most participants enjoyed positive feelings as a result of
engaging in healthy behaviors. They mentioned feeling pleased,
good, or happy after engaging in behavior that promoted weight
loss. In particul ar, 6 participants mentioned enjoying the feeling
of control and empowerment: “I feel quite empowered, feel like
I own my weight, it’sgoing the correct direction” [P5] and “1’m
focused, | have the energy for it, and it feels good to say you
know what I’m not going to have that, I’'m going to have the
good thing” [P15].

Several participants mentioned feeling proud after making
weight loss promoting choices, for example, “1 feel very proud
of myself. Thisis how | should be, | should be strong, | don’t
really need this (cake)” [P6].

Conversely, when participants were asked how they felt
immediately after having indulged in unhealthy behaviors, most
reported that they enjoyed the indulgence during consumption,
but the good feelingsusually did not last long. Afterwards, some
experienced negative feelings such as guilt or disappointment
with self, or felt a bit “down”. Most participants did
intellectually acknowledge the unhealthiness of their choice
immediately after consumption. For example, P2 felt “ naughty,
that you've let yourself down. You enjoyed it, but you feel like
you've cheated”.

Realism

Several participants mentioned that reminding themselves to
be “realistic” about the costs of unhealthy behaviors helped
encourage healthy choices at moments of temptation. These
thoughts included reminders of the reality of the situation of

being overweight and the reality of the negative consequences
of consuming excessive/unhealthy foods:

I’'ve actually had to say to myself in the past “it
doesn’'t matter what you say something is...You can
pretend you have only drunk half a cup of milk but if
you' ve drunk a whole cup that’swhat’ s going to have
the impact” . [P5]

| think to be very real, “ think about it, once you eat
it it's going to be hard, and you know once you gain
weight you will feel low esteem (and) sad” ...l think
it's the reality that makes me think | don’'t want this
for myself anymore. Let’s move on, let’s not eat cake
then. [P6]

Being Good to Oneself

Many participants mentioned concepts relating to being good
to oneself as part of successful weight management. These
included being kind to oneself, framing weight loss as a process
of self-care, reassuring oneself that one is not being deprived
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and that healthy choices will lead to greater happiness, and
savoring the pleasurabl e aspects of healthy choices. P5 and P10
spoke of how developing an attitude of self-kindness and
forgiveness helped facilitate getting back on track after stints
of excessive, unhealthy consumption: “I’m being a lot gentler
with myself these day. I’'m not telling myself off and being so
angry with myself. So | think it's about forgiving myself for
the mistakes rather than punishing myself” [P5] and “It's
recognizing some dayswhen all | want to eat ispizzaand that's
ok, and that doesn’t ruin all the rest of the eating, and forgiving
myself for the splurges and going on like | wanted to” [P10].

P10 also spoke of how recognizing that exercise and healthier
eating plays into the larger purpose of general self-care and
improving well-being helped her make healthier choices: “One
friend said maybe the reason you're feeling crummy is you
haven't had the time to [eat healthily] so it was kind of a
self-care thing as well” [P10].

Three participants reminded themselves that healthier choices
did not mean deprivation, that thiswas not their last opportunity
to eat delicious foods and that pleasurable foods were till
availableto them, if in moderation, for example, “1'd think ‘ No,
that's hardly the last piece of delicious chocolate you'll ever
have in your life'” [P1].

P11 spoke of changing her mindset to recognize that by
restricting treats, she was not depriving herself of tasty
experiences, but instead was actually allowing herself greater
overall pleasure because foods tasted better when eaten less
often. Many participants mentioned relishing delicious healthy
foodsaswell as small portions of rich foods as part of successful
diet strategies. This appears to affirm the existence of reward
and pleasure, even during the restrictive process of weight loss.

Social Support

Therewasgreat individual variationintermsof preferred levels
of social engagement in weight loss and the degree to which
support from others was helpful for motivation (see Maitland
[18] for previous work on socia factors relevant for weight
loss). Participants differed in how much they cared about having
a socia network involved in their weight loss efforts and
whether it consisted of strangers, acquaintances, or friends.
While some embraced the opportunity to feel a sense of
community and having others involved with their weight
management efforts, many were aso lessinterested. Thisranged
from some participants who were ambivalent, to others who
were adamant that they were not interested in other people’s
dietsat al.

About half of the participants mentioned using social support
to motivate weight loss. This included using friends, support
groups, partners, and nutritionists; “My hubby, | always rush
back to tell him if I've lost some weight, and he'll be very
encouraging” [P5] and

(My girlfriend) was very supportive, very helpful.
She's super thin by genetics. But when we'd go out
she’d order very little food like | would, just so she
wouldn’t be eating a giant pile of food while | was
restricting myself. Later on, she'd eat more only when
| wasn't around. [P8]
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Several participants said they derived a sense of connection
from othersin similar situations: “It isreally useful, when you
read other people’s stories and what inspired them...and those
stories always do keep you going” [P4] and “Who cares that |
ate asandwich with carrotsin it...these people do! Guess what
| had at lunch, acarrot sandwich. It’s nice to share the journey”
[P5].

P6 spoke of the strength she gained from having group support:
“this group, we are all people with the same anguish...and this
iswhat makesthe group strong, we have the same goal, we have
same problem” [P6].

In contrast, some participants were also very uninterested in
sharing their weight loss journey with others. They felt that
weight management was a privateissue and that it did not matter
what otherswere doing. When asked whether they were hearing
about other people’s weight management stories, P7 said: “Not
really...I’m not interested in that trivial aspect of people'slife.
| find it intrusive”. When asked if it would help to know other
people are struggling too, P7 replied “Totally irrelevant”.

Several participants mentioned that seeing others' progress
could inspire asense of motivating competition: “ It wasamazing
how competitive | got with my cousin in this game...if | saw
her losing 2 pounds | would be desperate to one up her” [P7].

On the other hand, others distinctly disiiked the idea of
competing with others about weight lossand felt it would hinder
them: “It would hinder me. | would feel demoralized, I'm the
kind of person whom if | feel like if I’'m competition, | refuse
to compete’ [P3].

Encour aging M essages

Similarly, there were divergent opinions on how helpful
motivating messages were, both from other people and from
technology applications. While the majority of participantsfelt
motivating messages either from friends or devices would not
hurt and could possibly help (ie, be rewarding), others felt
messages could be a seriousannoyance (ie, costly). In particular,
3 participants explicitly mentioned feglings of annoyance at
receiving general motivational feedback and messages. For
example, when P8 was asked how he would fegl about receiving
general motivational messages through an application, he
replied:

| think 1I'd be open to it if they were funny, or just
light. It can be kind of annoying, there's a fine line
between being fun and inspirational and being
just...annoying. If someoneistoo encouraging to you,
then | feel like it starts to become a negative...when
| feel the motivation starts to become someone else
trying to impose their schedule on me, or their goals
on methen | becomeresistant to it. [P8]

Similarly, P3 spoke of the annoyance of having his motivation
externalized and of receiving undeserved congratul ations:

It's just annoying because they are valuing my
pathetic (attempts towards goals), it's patronizing.
It's like you're not actually seeing when | have done
a great job or not. And | also don't like people
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externalizing my reward...it makes me feel like I'm
jumping through hoops like a trained dog. [P3]
P13 expressed annoyance at receiving generic messages from
her mobile application that shefelt did not address her personal
struggles:

A computer telling me, “ gain 15 lose 10...Good job
| met my goalsat the end of theday” — couldn’t care
less. | need it to be personal on somelevel, andifit's
not, and the computer says“ good job” , I'mlike* f***
off, who are you to tell me that? You're just a
machine, | don't appreciateit” . [P13]

Thus, while encouragement is usually perceived as a positive
motivating factor, our results show that motivational messages
can have the opposite effect.

Quantitative Study Results

Summary

We consolidated the themes from our qualitative study into
statements in a Web-based questionnaire and asked 100
respondentsto rate on a 7-point scale their agreement with each
of our statements. Of our respondents, 56 were trying to lose
weight (median BMI 26.6), 20 were trying to maintain weight
with afocus on not gaining (median BMI 23.5), 5 were trying
to maintain weight with a focus on not losing (median BMI
21.6), 8 were trying to maintain weight with a focus on not
gaining or losing (median BMI 20.7), 5 were trying to gain
weight (median BMI 21), and 6 did not think about their weight
(median BMI 21.6). For those who were trying to lose weight,
the median reported target weight losswas 30 pounds. We limit
analysis to the responses from those who reported wanting to
either lose or maintain weight with a focus on not gaining as
they are the population relevant for our study, leaving us with
76 participants for our analysis. Of the 56 participants who
reported wanting to lose weight, 27 were female. Of the 20
participants who reported wanting to maintain weight with a
focus on not gaining, 9 were female.

We assessed the degree of agreement over perspectives and
experiences by segmenting our participants into those who
agreed (reported dightly, moderately, or strongly agreeing with
the statements), the proportion of participantswho were neutral
(reported neither agreeing nor disagreeing) and the proportion
who disagreed (reported dlightly, moderately, or strongly
disagreed). We arrange our presentation of resultsinto constructs
that discouraged and encouraged weight management.

Discouraging Constructs

We assessed agreement with the following statements that
represented constructs that we found in our qualitative study to
be discouraging for weight management efforts:

| find weight management requires alot of effort.

| find the process of denying myself foods| find pleasurable
adifficult aspect of weight management.

Itisdifficult to keep to my diet in socia situations because
| want to be able to eat and drink like everyone else.

| find planning ahead for weight management difficult.

| find the long-term commitment required for successful
weight management daunting.
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- | find the process of trying to lose weight a slow and For al discouraging constructs, there was high agreement among

frustrating process. participantsand all constructs had reported agreement of at |east
- | find the notion of being on adiet unappealing. 59% (45/76). The idea that weight management takes a lot of
- | find maintaining aregular exercise routineis difficult. effort was the most agreed upon construct (see Figure 1).

Figurel. Theproportion of respondentswho agreed, were neutral, or disagreed with statements reflecting constructs that discouraged successful weight
management.

E ina Construct + | enjoy feding in control when | make choices that are
ncouraging Lonstru S _ positive for managing my weight.
We assessed agreement with the following statements that . | find that it was important to find a weight management

represented constructs that our qualitative study found were strategy that is specifically suited to my individual tastes
encouraging for weight management efforts: and lifestyle preferences.
+ | find weight management becomes easier with time. - Being redlistic is a useful concept for my weight
| experience feelings of pride surrounding my weight management.

management efforts.
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- Being good to oneself is a useful concept for my weight
management.

«  Support from other people helps me a lot in my weight
management.

For all encouraging constructs, there was over 58% (44/76)
agreement. The most agreed upon constructs were that finding

Hsu & Blandford

individually tailored strategies was important, the importance
of realism, being good to oneself, and the enjoyment of being
in control. The most disagreed upon constructswerethat it gets
easier with time and support from otherswas helpful (see Figure
2).

Figure2. The proportion of respondentswho agreed, were neutral, or disagreed with statements reflecting constructs that encouraged successful weight

management.

Encouraging Constructs

Individual strategies

Realism

Good to oneself

Self control

Pride

Support from others

Gets easier

B Agree

[ Neutral |
0.2
| Disagree

o

Social Motivation

We had noticed a greater range of disagreement from our
qualitative interviews over how much motivation from others
was helpful. Thus we probed this in greater detail. We asked
whether people enjoyed hearing others' stories in person and
online, whether people enjoyed receiving motivational messages
either in person or online, and whether people benefited from
asense of competition. We asked participantsto rate agreement
with the following statements:

« | would enjoy reading about other people’s weight
management stories via the Internet.
« | would enjoy hearing about other people’s weight

management stories in person.

- | would enjoy receiving motivational messagesfrom others
via the Internet to help encourage my weight management
efforts.

http://www.jmir.org/2014/6/e138/

0.4
Proportion of participants

0.6 0.8

—

« | would enjoy receiving motivationa messages from a
computer-based program to help encourage my weight
management efforts.

« | would enjoy receiving motivational messagesfrom others
in person to hel p encourage my weight management efforts.

« | find a feeling of competition motivating for weight
management.

For factors of external socia motivation, we found there was
substantially greater disagreement, especially in comparison to
the relatively high agreement we had in response to other
statements. None of the detailed statements about external social
motivation received greater than 51% (39/76) agreement (see
Figure 3). Motivational messages and stories received via the
Internet were perceived as less helpful than those received in
person. Only 32% (24/76) of respondents said they would enjoy
motivational messages delivered from a computer, and 49%
(37/76) of respondents reported that they would not enjoy this.
These results correspond to the variability in attitudes that we
found in our qualitative study results regarding motivational
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messages from others, and also disiike for computer-based
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motivational messages.

Figure 3. The proportion of respondents who agreed, were neutral, or disagreed with statements reflecting different ways and modes by which one

could be motivated by others for weight management.
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Discussion

Principal Results: Rewards, Costs, and Strategies

The themes from our study highlight the many rewards and
costs that influence both positive and negative weight
management behavior. Our studies found that a key difficulty
of weight management was the loss of rewards associated with
unhealthy behaviors, such as uninhibited consumption and
ability to participate freely in social situations. There were also
directly experienced costs associated with weight management.
A central cost was the effort required to restrict consumption,
change habits, and overcome social pressures. Other costs
included negative feelings such as didlike for the concept of
dieting, disheartenment at the idea that efforts need to be
sustained long term, and frustration when weight loss was slow
and there was no perceptible progress. On the other hand, our
interviews showed that there are avariety of rewards associated
with positive weight management behaviors. These included
feelings of pride, self-control, pleasurein taking care of oneself,
and enjoying delicious healthy foods. There were aso costs
associated with unhealthy behaviors such as feelings of guilt,
sadness, and low self-esteem. In addition to relevant rewards
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and costs, our study also revealed commonly used strategiesto
motivate weight loss efforts. Most universally, participants
mentioned finding waysto reduce the cost of weight loss efforts
by seeking personalized strategies that addressed individual
lifestyles and preferences, and some aso felt that weight
management gets easier with time. Participants al so mentioned
the benefits of using social support, and receiving encouraging
messages (although as mentioned above, there were significant
individual differences in responses to support and
encouragement, which is consistent with previouswork [18,40]).
Finally, participants motivated weight management through
emphasizing awareness and realism and reminding themselves
of the negative consequences of unhealthy behavior.

The psychological constructs identified in our study are
summarized in Figure 4. They are organized into those that
encourage weight management, which need to beincreased (the
rewards of positive behaviors and the costs of negative ones),
and those that discourage weight management, which need to
be lessened (the costs of positive behaviors and the rewards of
negative ones). On the side, initalics, are shown general design
principlesthat can be used to increase/decrease the rewards and
costs in the appropriate direction to effect positive behavior
change.
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Figure4. A summary of psychological constructs relevant to weight management.

Discouraging
(aim to decrease)

Costs of positive behaviors
Effort to change habits }

Effort to plan

Frustration over slow process
Dislike notion of dieting
Disheartenment of long term

Lioyo
plemay

188 0}
poob bBursg
aziseydwg

Rewards of negative behaviors

ey
. @
Free consumption }_g S nilsy
L9/ B = %
_ @ 5 2
Free social a2
. . %)
participation @

Design Guidelines

Overview

Thethemes uncovered in our study reveal avariety of costsand
rewards associated with weight management behaviors as well
as arange of strategies people used to manage their behavior.
As mentioned above, decision theory suggests that healthy
behaviors can be encouraged by enhancing the associated
rewards and decreasing the associated costs. Similarly, unhealthy
behaviors can be discouraged by decreasing the associated
rewards and increasing associated costs. We apply these
principles to our study results to produce design guidelines for
weight management systems, summarized in Figure 4. Below
we discuss these principlesin more detail. We review how they
have been implemented in current technologies, and point out
wherethere are gapsthat | eave open future design opportunities.
We aso discuss how the constructs in our study can be used
for personalization of weight management technol ogy.

Decreasing the Costs of Healthy: Reward Effort and
Focus on Being Good to Self

Our findings reveal that effort (eg, planning, restricting food,
changing habits and exercise) was the main cost that served as
an obstacle to weight loss. One way to address this is for
technologies to acknowledge the cost of effort by delivering
rewards that offset the cost. Mobile technologies have the
advantage of being ableto act in the moment of need [21]. This
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provides an opportunity to design systems that can identify
moments of unpleasant effort and then understand the types of
rewards that will be appropriate to offset the costs and thus
encourage effortful behavior. Whilethere has been asignificant
rise in the development of systemsfor sensing user states[22],
the accuracy of these systems for identifying user-relevant
mental states, such as those found in our study, is yet to be
verified. Furthermore, there is relatively little work on how to
deliver the appropriate intervention once a “costly moment”
has been identified. Systems can offset costs by administering
rewardsdirectly, or prompting usersto seek appropriate rewards
through reminders and suggestions. For example, our study
found that planning was considered a significant challenge in
weight management. A system can support the difficulty of
planning, by acknowledging that planning is difficult, and
offering rewards such as encouraging messagesor virtual points
when a user enters weight loss activities into their calendar.

Other costs found in our study were negative feglings such as
didlike of the notion of dieting, frustrations over the slowness
of weight loss, and disheartenment by the long-term lifestyle
change required. One possibility for reducing these costsis to
create systemsthat focus on being good to oneself and self-care
(another theme from our study) rather than focus on the goal of
losing weight. Indeed, studies on health messages found that
those messagesthat promoted healthy behavior changeswithout
reference to body weight were most effective and well received
[41]. Thus, there is reason to believe that it may be useful to
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create weight management technologies that frame healthy
choices as a process of positive self-care rather than a process
of trying to lose weight.

Decreasing Rewards of Unhealthy: Replace Lost
Rewards and Reduce Desire

Another type of “cost” of weight management is the loss of
rewards associated with unhealthy behavior. Two strategies for
aleviating this are to find healthy replacement rewards and
reduce the salience of the unhealthy reward. Our study found,
unsurprisingly, that a key loss was the pleasure of unrestricted
eating. A very common weight loss strategy is to seek
replacement rewards, and this has indeed been implemented in
current systems. However, aless explored avenue is to attempt
to lessen the perceived reward. Laboratory studies have shown
that operant conditioning can reduce people’'s interest in
unhealthy but tempting foods [42]. It is possible that an
application devoted to reducing the desirability of one'sfavorite
unhealthy foods may be useful. Also, as mentioned above,
laboratory research hasfound methods of reducing food cravings
through imagery tasks [32]. While effectiveness has been
suggested in laboratory studies, methods for reducing the
desirability of unhealthy foods have been little explored in
system designs. A second reward associated with unhealthy
behavior wasthe ability to participate freely in social situations.
Our participants reported that group mealswere challenging for
weight control because they felt pressure both from themselves
and others to belong by partaking in the same types of (often
unhealthy) consumption as others. Our participants also spoke
of the importance of not feeling deprived during weight loss.
Thisunderstanding of rewards and costsleadsto apossiblerole
technology can play to alleviate the challenge of not wanting
to feel social alienation: When a social activity is scheduled in
the calendar, technology can suggest alternative strategies for
maintaining social connection even when not sharing
consumption, such as a reminder to “focus on finding out
something new about someone”, or “ ask someone about ahobby
they areinterested in”.

Enhancing Rewards of Healthy: Remind and Rehearse

Participants reported avariety of rewards associated with weight
loss. This begs the question of how persuasive systems can be
designed to emphasize and enhance these rewards. This is a
particularly promising route because research has found that
users tend to respond better to systems that persuade through
positive rather than negative feedback [16]. Furthermore,
laboratory research has found that emphasizing rewards can
promote healthier food preferences. Remembering enjoyment
of healthy foods results in these foods being chosen more often
in later meals[31], and rehearsing memories of ameal reduces
later snack consumption [43]. Despite these promising
laboratory results, there have been few systems designed
specifically to enhance memories of heathy experiences.
Technology has the capacity to strengthen memory of rewards
through reminders and al so prompting usersto mentally rehearse
positive past experiences. This can be implemented through
ejournals, using voice, pictures, or text, and structured to
encourage individuals to remember/take note of the good
feelings (eg, pride and self-control) associated with healthy
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choices. These platforms can also encourage people to relish
their appreciation of healthy foods. While there have been the
beginnings of technologies designed specifically to encourage
reflection and awareness[16,17], thereis much room for further
developmentsinthisarea. In particular, to our knowledge, there
have been no platforms devoted specifically to celebrating the
pleasures associated with healthy choices and little research
into how to design systems that best enhance the rewards of
healthy choices. This presents open design challenges and
opportunities.

Enhancing the Costs of Unhealthy: Remind and
Rehearse

In additional to acknowledging the long-term consequencesfor
health, many participants also described immediate costs of
unhealthy behaviors, including feelings of sadness, guilt, and
anger. We found that some participants tried to remind
themselves of these negative consequences to dissuade
themselves from unhealthy choices. Furthermore, most
participants said that in talking through their past experiences
during the interview, they achieved new awareness of the
negative experiencesthat resulted from unhealthy choices. This
suggests that technologies can be designed to support further
awareness and encourage reflection about the costsinvolved in
weight management. Traditional calorie monitors aready
achieve this at the level of dietary intake [9,11-14]. However,
just as systems may enhance awareness of the rewards of weight
management, there is also scope for new technologies to be
designed to increase awareness of the costs of unhealthy choices.
The delivery of health-warning messages has been found to be
effectivefor smoking cessation [44], although it has been studied
lessinthedomain for weight loss. In addition to warnings about
health, systems can be designed to help people remember the
bad feelings they experienced after the last time they made
unhealthy choices. To our knowledge, no such systems have
been studied. Here methods similar to those used to enhance
the rewards of healthy behaviors (reminding and prompting
mental rehearsals) can be used to enhance the costs of unhealthy
behaviors. Note that a system designed to promote awareness
of costs is different from a system that punishes and delivers
negative feedback, which has been found to put off users[16].
Instead, encouraging awareness of costs is consistent with
research showing that there are individual differences in
motivational preferences. sometend to be motivated by seeking
positive gains (promotion focused) and others by avoiding
negative consequences (prevention focused) [45-47]. This
suggeststhereisroom in the design space for systemsthat help
users increase awareness and memory of negative feelings, as
well as the long-term negative consequences that they may
experience as aresult of unhealthy choices.

Personalized Solutions

When it comes to behavioral change, clearly one size does not
fit all. Theimportance of individual preferenceswas one of the
most highly agreed upon constructsin our survey study. Systems
should be designed both to contain personalizable features and
also to encourage users to seek personalized solutions. The
overwhelming majority of our participantswho had successfully
lost weight spoke of the importance of individually tailored
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strategies. The effectiveness of personalization has been
supported by research on health-messaging where a
meta-analysis hasfound that individua tailoring of information
delivered via the Internet improved effectiveness of nutrition
interventions[48]. Also, simpletext message-based weight loss
intervention personalized to individual participants has been
shown to be effective [49]. Personalized e-feedback has aso
been found to increase program adherence [50]. By highlighting
therewardsand costs surrounding weight management, we offer
further opportunities for personalization. These can serve as a
catalogue of psychological constructs used to identify individual
differences in weight management and thus guide
personalization. Because there are limits to how many changes
people are able to focus on at once, one possibility is to
characterize an individual by having themindicate afew rewards
and costs, which they find to be most salient (eg, someone who
especialy finds planning difficult or does not like the idea of
dieting). A personalizable system can then suggest interventions
that focus on these salient factors. Additionally, a catal ogue of
psychological factors can be used asamethod for characterizing
the features of existing weight loss technologies, which can be
used to help individuals choose systems that support their
specific needs.

Finally, personalization is important for features that involve
motivation from others. Our study found significant variation
asto whether individual sfound social support and encouraging
messages motivating or seriously annoying. Thus, motivating
messages should be administered with caution because they can
be hindering as well as helpful.

Limitations

The themes of our study were based on interviews with
relatively well-educated participants from the United Kingdom
and United States. While our themes are not obviously related
to education or economic status, it ispossiblethat less educated
populations or those from different socioeconomic backgrounds
or cultures may have different considerations for weight
management. For example, recent studies have found links
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between traits of self control and educational attainment and
wealth [46,51]. Thus, it is possible that lower income and less
educated populations may need greater self control aids than
those from our study.

Finally, our study is based on self-reports and studies have
shown that people are not always accurate at making choices
that would be best for themselves [52]. Our studies are based
on peopl€e’s reflections of past experiences, and there may be
discrepancies between what people report to be motivating and
discouraging factors versuswhat factors actually areinfluential
in the moment of experience [53]. For example, half our survey
respondents reported they would not like to receive motivational
messages from a computer. However, previous research has
found that computer-based motivational messages during a
computer-based task improved people’s positive affect,
enjoyment, willingnessto work, and self-perceived performance
by a factor of 1.5-2 [54]. Remarkably, this improvement
occurred even though people knew that these messages were
not contingent on their actual performance. While the study
[54] was not in the domain of weight | oss, thisunintuitive result
suggests the possibility that computer-based motivation might
be more effective than people assume it to be.

Conclusions

We have shown how areward-cost driven inquiry is useful for
understanding the psychological constructsin agiven behavior
change context and for informing persuasive systems design.
We applied this framework to understanding the psychological
constructs that surrounded individuals weight management
efforts. Our study identifies a variety of rewarding and costly
factors that surround individuals' positive and negative weight
management choices. In a follow-up questionnaire study, we
found these factors to be experienced by the majority across a
wider population. We applied decision theory to these factors
to produce suggested design principles for persuasive systems
and discuss where these point to open design opportunities that
warrant further exploration.
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Abstract

Background: Dietary assessment methods are important tools for nutrition research. Online dietary assessment tools have the
potential to become invaluable methods of assessing dietary intake because, compared with traditional methods, they have many
advantages including the automatic storage of input data and the immediate generation of nutritional outputs.

Objective: The aim of this study was to develop an online food frequency questionnaire (FFQ) for dietary data collection in
the“Food4Me” study and to compare thiswith the validated European Prospective Investigation of Cancer (EPIC) Norfolk printed
FFQ.

Methods: The Food4Me FFQ used in this analysis was devel oped to consist of 157 food items. Standardized color photographs
were incorporated in the development of the Food4Me FFQ to facilitate accurate quantification of the portion size of each food
item. Participants were recruited in two centers (Dublin, Ireland and Reading, United Kingdom) and each received the online
Food4Me FFQ and the printed EPIC-Norfolk FFQ in random order. Participants completed the Food4Me FFQ online and, for
most food items, participants were requested to choose their usual serving size among seven possibilities from arange of portion
size pictures. The level of agreement between the two methods was evaluated for both nutrient and food group intakes using the
Bland and Altman method and classification into quartiles of daily intake. Correlations were calculated for nutrient and food
group intakes.

Results: A total of 113 participants were recruited with a mean age of 30 (SD 10) years (40.7% male, 46/113; 59.3%, 67/113
female). Cross-classification into exact plus adjacent quartiles ranged from 77% to 97% at the nutrient level and 77% to 99% at
the food group level. Agreement at the nutrient level was highest for alcohol (97%) and lowest for percent energy from
polyunsaturated fatty acids (77%). Crude unadjusted correlations for nutrients ranged between .43 and .86. Agreement at thefood
group level was highest for “ other fruits’ (eg, apples, pears, oranges) and lowest for “ cakes, pastries, and buns’. For food groups,
correlations ranged between .41 and .90.

Conclusions: Theresultsdemonstrate that the online Food4M e FFQ has good agreement with the validated printed EPIC-Norfolk
FFQ for assessing both nutrient and food group intakes, rendering it a useful tool for ranking individuals based on nutrient and
food group intakes.

(J Med I nternet Res 2014;16(6):€150) doi:10.2196/jmir.3105
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Introduction

Associations between dietary behaviorsand chronic health risks
have been established on numerous occasions|[1,2], making the
ability to measure dietary intake crucial for researchers and
public health practitioners to improve health outcomes [3,4].
Dietary assessment methods are used for quantification of both
short- and long-term (habitual) dietary intakes, and are essential
toolsin epidemiological investigations and intervention studies
assessing relationships between diet and health in both
population and clinical settings[3,5].

Food records (or diaries), 24-hour recalls, and food frequency
guestionnaires (FFQ) arethe three principle assessment methods
that are used traditionally to measure dietary intake [6,7]. Food
records require respondents to record all foods and beverages
consumed over a specified period of time, generally between 3
and 7 days prospectively [8-10]. The 24-hour recalls are
interviewer led and entail asking the respondent to remember
and record all foods consumed in the preceding 24-hour period
[7,10,11]. FFQs are aso retrospective assessment tools and
require respondents to report the frequency of consumption of
a predefined list of foods over a prolonged period of time,
typically the previous 6 or 12 months [7].

Internet availability and usage has increased globally over the
past decade and, as a result, traditiona methods of dietary
assessment have been modified for online and electronic usein
both research and industry [12]. Compared with traditional
methods of dietary assessment, online methods alow for the
automatic storage of input data and the automatic generation of
nutritional outputs [13]. While traditional methods of dietary
assessment can be supplemented with food photograph atlases
to aid portion size recognition and estimation [14], online
methods of dietary assessment can be designed to incorporate
food photographs, making them more convenient for users to
complete [15-17]. Furthermore, compared with traditional
methods, online dietary assessment methods can be used to
target specific geographical population groups, can be accessed
remotely, and can be designed to be easy to complete.

The strengths and weaknesses of traditional dietary assessment
methods are well documented [8,18-21]. The quality of data
from any dietary assessment method, traditional or online, will
depend ultimately on the respondent’s accuracy in recording
the required details [22]. As a result, online food diaries may
have greater use commercially or for small dietary studies as
they require respondents to be highly motivated to record data
[22].

FFQs and 24-hour recalls are the most commonly used
approaches for assessing dietary intake for large population
studies [22]. Although Web-based 24-hour recalls have been
demonstrated to show good agreement with traditional methods
on numerous occasions [23-25,26], they are largely limited by
the day-to-day variability in dietary intake and may not
accurately assess intakes of foods that are eaten infrequently
(eg, aily fish). Asaresult, multiple 24-hour recalls over several

http://www.jmir.org/2014/6/e150/

non-consecutive days are required to reflect usual dietary intake
[22]. Unlikefood records and 24-hour recalls, FFQs can capture
long-term dietary intake in a single administration and are less
cumbersome to complete [27-29]. Although FFQs have often
been reported to bear the greatest amount of measurement error,
not only when considering under-reporting but also
over-estimation of dietary intakes [30], they have been shown
to have good validity for ranking nutrient intakes on numerous
occasions[20-22,31]. Asaresult, they can be used to categorize
nutrient intakesas“low”, “recommended”, or “high” compared
with recommended intakes, rendering them inval uable toolsfor
assessing nutritional intake status [20-21].

In recent years, many well-established FFQs have been
developed into Web-based versions and thereisagrowing body
of evidence demonstrating that data from Web-based FFQs are
comparable with data from printed versions and/or have good
validity with reference methods such as 24-hour recalls and
food diaries[15-17,32]. Web-based FFQs possess many benefits
over printed questionnaires; they are more cost-effective, they
can be pre-programmed to ensure al questions are answered,
and photographs can be incorporated to enhance food
recognition and portion size estimation [15,17,32].

The present study was conducted as part of the EU 7th European
Framework Programme“ Food4Me” project [33]. The FooddMe
project aimsto investigate the potential of, and public attitudes
toward, personalized nutrition and is the first study of its kind
designed to emulate an entirely Web-based, personalized
nutrition service [34].

The objectives of the present study were to develop an online
FFQ for dietary data collection in the Food4Me study and to
compare estimates of intakes obtained using thistool with those
obtained from the validated European Prospective I nvestigation
of Cancer (EPIC) Norfolk printed FFQ [35].

Methods

Development of the Online Food4M e Food Frequency
Questionnaire

Overview

The online Food4Me FFQ was designed to assess food and
nutritional intake across seven centers in Europe, as part of a
dietary intervention study within the Food4Me project [33].
Thedesign and development of the novel online FooddMe FFQ
was led by researchers at University College Dublin and
software company Creme Global (Dublin, Ireland).

The  well-validated EPIC-Norfolk FFQ  (version
CAMB/PQ/6/1205) [35] was used asaguidefor food itemsand
food group categories. In developing the FooddMe FFQ, the
original 130 food items presented in the EPIC-Norfolk FFQ
were expanded upon to incorporate an additional 27 commonly
consumed food items that were considered nutritionally
important across the seven EU countriesin the Food4me study.
In expanding the food list, some food items were added (eg,
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tortillas, wraps) to existing food categories, some new foods
were added to existing food items (eg, “ noodles and cous cous”
were added to “white pasta or green pasta’), and, in some cases,
existing food itemswere split into more defined types (eg, “oily
fish, fresh or canned” was split into “non-smoked oily fish,
canned” and “non-smoked oily fish, fresh”). Standardized color
photographs were incorporated into the online Food4Me FFQ
to facilitate accurate portion size estimation. Asin the printed
EPIC-Norfolk FFQ, the 157 food items were divided into 11
categoriesviz, “cereal”, “ bread and savory biscuits’, “ potatoes,
rice, and pasta’, “meat and fish”, “dairy products’, “fats and
Spreads”’, “sweets and snacks’, “soups, sauces, and spreads’,
“drinks’, “fruit”, and last, “vegetables’. In addition, the
Food4Me FFQ included an additional section on dietary habits
with further questions relating to additional foods consumed,

http://www.jmir.org/2014/6/e150/
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the addition of salt to foods, consumption of fried foods, and
supplement use (asin the EPIC-Norfolk FFQ).

Frequency of intake was estimated by asking, “How often would
you have consumed each of the following in the past month?’
and participants could select their frequency from nine
categories of intake ranging from “never (<1 per month)” to
“6+ per day”. After selecting their frequency of consumption,
participants were asked to choose their usual serving size from
arange of portion size pictures for each food item (see Figure
1). The online Food4Me FFQ was pre-programmed to ensure
that a frequency of consumption was reported for every food
item before the participant could submit the FFQ and was
designed so that participants could check and/or modify previous
responses before submitting the FFQ. Illustrations of the
Food4Me FFQ are shownin Figure 1 and Multimedia Appendix
1
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Figure 1. Screenshot of the online Food4Me Food Frequency Questionnaire.

Nutritional Composition and Portion Sizes

Nutritional composition and portion sizeswere cal culated from
the 2008-2010 National Adult Nutrition Survey (NANS)
database, which consists of detailed dietary intake datafor 1500
Irish adults [36].

The nutritional composition of the 157 food items, listed in the
Food4Me FFQ, was derived from the wider list of corresponding
foods within the NANS database. From these, the most
frequently consumed foods were identified and used to calculate
the composition of the list of foods in the Food4Me FFQ. For
example, for al pizzas consumed in the NANS dataset, the
nutritional composition per 100g was computed for the three
most frequently consumed and the mean of these was then

http://www.jmir.org/2014/6/€150/
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calculated to give a single nutritional composition for pizza
Thenutritional composition for the NANS dataset was analyzed
using WISP (Tinuviel Software, Anglesey, UK). WISP uses

the 5"and 6"Meditions of McCance and Widdowson's The
Composition of Foods, plus all nine supplemental volumes to
generate nutrient intake data[37,38]. In addition, the nutritional
composition dataset was modified previously and updated to
include recipes of composite dishes, generic commercial foods,
new foods on the market, and current manufacturers
information. For additional foods uniqueto aspecific European
country in the Food4Me study, such as Greek baklava, the
relevant national food composition database was used.

For the calculation of portion sizes, the food codes for each of
the frequently consumed foods identified from the NANS
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database were merged and recoded into a single food code for
each food item listed in the FFQ. Using the newly assigned food
code, PASW Statisticsversion 18 (SPSS1nc Chicago, IL, USA)

was used to calcul ate the 25™, 50", and 75"percentiles of daily
intake, which represent small, medium, and large portion sizes
of these foods when consumed in the free living population.
Options for portion sizes above, below, and in between these
percentiles were also provided to accommodate the wide
variability in portion size across populations.

Photographs

Foods were purchased from local supermarkets and bakeriesin
Dublin. All foods were prepared and photographs taken in the
Ingtitute of Food and Health, University College Dublin. Food
photographs were taken by a professional photographer over 5
days/sessions. A standard dining set of plates and cutlery,
positioned uniformly with the same lighting, was used for each
session. The calculated NANS portion sizes were used as a
guideline and all foods were weighed out using calibrated
portable food scales (Tanita, Japan).

Study Sample and Study Design

Overview

The comparison of the online Food4Me FFQ with the printed
EPIC-Norfolk FFQ was conducted in two centers involved in
the Food4M e study (University College Dublin and University
of Reading) using the English language version of the
guestionnaire (consisting of 157 food items). The study received
approval from the ethical committees at both universities and
was caried out between March and October 2012
(LS-11-118-Gibney-Walsh and 01/12-L ovegrove respectively).
Participants (n=177) aged =18yrswererecruited at both centers.
Parti cipants were provided with an information sheet explaining
the study, signed a consent form, and completed a brief
screening questionnaire either in person or by post. Weight and
height were self-reported. Individuals with
self-reported/diagnosed food intolerances/allergies or those
receiving dietary advice were ineligible to participate.

Eligible participants completed both the online Food4Me FFQ
and the printed EPIC-Norfolk FFQ in random order. The printed
EPIC-Norfolk FFQ was modified to ask participants’ about
their food intake over the past month rather than over the past
year. To minimize possible effects of temporal changes in
dietary intake, participants with more than 4 weeks between
completing both FFQs were excluded from analyses. Theprinted
EPIC-Norfolk FFQ was delivered to the participant in person
or by post. The Food4Me FFQ was accessed viaa hyperlink to
the website sent in an email containing the participant’s
individual username and password.

Under-Reporters

The Henry equation was used to cal culate basal metabolic rate
(BMR) and BMR was multiplied by 1.1 to calcul ate the lowest
possible estimated energy requirements (EER) for each
participant [39]. Participants reporting energy intakes lower
than their EER were classified as under-reporters.

http://www.jmir.org/2014/6/e150/
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Dietary Intake Analysis

Printed EPIC-Norfolk questionnaires were coded using the
specified template format and cross-checked before sending to
Strangeways Research Laboratory (University of Cambridge)
for processing using FETA software [40]. The nutritional
composition database used in the EPIC-Norfolk FFQ is based

on the revised and extended 5"edition of McCance and
Widdowson's The Composition of Foods plus supplemental
volumes [41]. The Food4Me FFQ nutritional intake data was
generated automatically by the online Food4Me programmed
system, as described above. For the purpose of the current study,
consumption of dietary supplements was not included in the
analyses.

Data were imported into SPSS for analysis and descriptive
statistics were computed to describe the general characteristics
of participants. Mean nutrient intakes and standard deviations
were determined for both FFQs. General linear model analysis
controlling for energy was used to compare nutrient intakes
between the FFQs. Correlation coefficients were computed to
assess the association between the two methods. The relative
agreement between the two FFQs was assessed using
cross-classification of nutrient intakes to estimate the percentage
of participants who were classified by the two methods into
quartiles of “ exact agreement”, “ exact agreement plus adjacent”,
“disagreement”, and “ extreme disagreement” . Bland and Altman
analysis was performed for the macronutrients to assess the
limits of agreement between the two FFQs. For each
macronutrient, the differences of the mean between the two
methods (EPIC-Food4Me) were plotted against the average of
the two methods ([EPIC+Food4Me]/2). Methods were
considered comparable if greater than 95% of data plots lay
within the limits of agreement (mean + 2SD).

Differences in food group intakes between the two methods
were examined. To do this, thefood itemsin the EPIC-Norfolk
and FooddMe FFQs were arranged into 35 food groups.
Independent samples t tests were used to compare daily food
group intakes between thetwo FFQs. Bland and Altman analysis
was performed for the food groups to assess the limits of
agreement between the two FFQs. Spearman’s correlation
coefficients (SCC) were computed to assess the associations
between the two methods for the daily intake of each of the 35
food groups. To assess the rel ative agreement between the two
methods for daily food group intake, food group intakes were
cross-classified to estimate the percentage of participants
classified by the two methods into quartiles of “exact
agreement”, “exact plus adjacent agreement”, and
“disagreement”. All datawere analyzed using PASW Statistics
version 18 (SPSSInc Chicago, IL, USA). P<.05 wasconsidered
statistically significant. GraphPad PRISM version 6 was used
to produce the Bland and Altman plots (GraphPad Software,
Inc California, USA).

Results

Overview of the Study Population

A total of 177 participants were screened to participate in the
study with 159 eligible for inclusion. Following initiation of
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the study, 27 participants dropped out, as shown in Figure 2.
Reasons for dropouts included external commitments, for
example, holidaysand technical issues. A further 19 participants
were excluded from the analysis: 16 had >4 weeks between
completion of the two FFQs and 3 reported energy intakes
>4500 kcal per day with the Food4Me FFQ (considered to be
unrealistically high) [42]. Thefinal dataset, therefore, consisted
of 113 participants as illustrated in Figure 2. The results
presented here are for the dietary assessment of 67 females
(59.3%) and 46 males (40.7%) who compl eted both the printed
EPIC-Norfolk FFQ and online Food4Me FFQ in random order.

Forster et al

Demographic characteristics of the study population are
presented in Table 1. Overall, for all participants, there were no
significant differences in age for males and females; however,
self-reported body mass index (BMI) was significantly lower
for females compared with males. As shown in Table 1,
significant differences in age, weight, and BMI were observed
acrossthetwo centers. The participantsrecruited in Dublin were
significantly older (P<.005), were significantly heavier (P<.005),
and had higher BMI (P<.05) than those recruited in Reading.

Table 1. Demographic characteristics of the study population in total and across centers, by gender.

Participants Demographic characteristics, mean (SD)
n Age (y) Weight (kg) BMI (kg/m?)?
All Participants
Male 46 32.0 (12.6) 77.3(11.3) 24.3 (3.0)
Female 67 29.0 (8.0) 62.2 (9.4) 22.6 (2.6)
All 113 30.0(10.2) 68.4 (12.6) 23.3(2.9)
Dublin Participants
Male 32 35.1(13.0) 78.6 (10.6) 24.8(2.8)
Female 32 30.2(7.2) 64.3(8.9) 23.1(2.5)°
All 64 32,6 (10.7) 715 (12.1) 24.0 (2.8)
Reading Participants
Male 14 24.2(7.6)° 743 (12.4) 231(3.2)
Female 35 27.9(8.6) 60.3 (9.4) 22.2(2.6)
All 49 26.9 (8.4)° 64.3 (12.1)° 225 (2.8)°

3Body mass index (BM1) based on self-reported weight and height.
bsi gnificantly different between centers, P<.005.

CSignificantly different between centers, P<.05.

dSignificantly different from males, P<.005.

CSignificantly different from males, P<.05.
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Figure 2. Flow of participants through the study. FFQ: food frequency questionnaire.
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Comparison of Nutrient I ntakes Between the Two
Questionnaires

Mean energy and nutrient intakes estimated from the two FFQs
are presented in Table 2. Energy intakes were significantly
higher for the FooddMe FFQ in comparison with the
EPIC-Norfolk FFQ (P<.001). However, when the occurrence
of under-reporting was examined, 58 participantswere classified
as under-reporters with the EPIC-Norfolk FFQ compared with
only 20 participants for the FooddMe FFQ. Of the 20
participants' under-reporting in the Food4me FFQ, 18 aso
under-reported using the EPIC-Norfolk FFQ (90%).

After controlling for energy, intakes of macronutrients showed
relatively good agreement with no significant differences in
energy derived from total fat, saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), or carbohydrates.
Significant differences were observed in both total
polyunsaturated fatty acid intake and % energy derived from
polyunsaturated fatty acids (PUFA), at P<.001. Examination
of differences at a micronutrient level demonstrated no
significant differences between the two FFQs for intakes of
calcium, vitamin B12, and vitamin D. Significant differences
were observed for intakes of folate, iron, carotene, riboflavin,
thiamin, vitamin B6, vitamin C, vitamin A (RE), retinol, vitamin
E, and sodium (Table 2). However, after controlling for energy
and, where appropriate, center, randomization group and/or
gender, vitamin C and vitamin A (RE) were no longer
significantly different (Table 2). Theremoval of under-reporters
reduced the agreement between the two FFQs for total fat (%
total energy [TE]), but improved the agreement for protein (%
TE) showing no significant difference when controlling for
energy, center, and gender (both alone and in combination), as
shownin Table 3.

http://www.jmir.org/2014/6/e150/
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Bland and Altman plotsfor mean daily energy, total fat, protein,
and carbohydrate intakes are presented in Figure 3. The Bland
and Altman plot for energy indicated broad limits of agreement.
The mean difference in estimated energy intake between FFQs
was relatively high (676 kcal/d) with greater energy intakes
recorded using the FooddMe FFQ compared with the
EPIC-Norfolk FFQ. In addition, the difference in estimates of
energy intakes between FFQs became progressively greater
with higher mean intakes (Figure 3). Despite this, less than 5%
of cases fell outside the limits of agreement for energy (n=5),
confirming an acceptable level of agreement between the two
methods.

Asiillustrated in Figure 3, similar to energy, the difference in
estimates of total fat (g) and protein (g) intakes between thetwo
FFQs became progressively greater with higher mean intakes.
Poor levels of agreement between the methods were observed
for the macronutrients, with greater than 5% of cases falling
outside the limits of agreement for protein (g) (n=8),
carbohydrate (g) (n=6), and total fat (g) (n=6). After adjusting
for energy, the agreement between the two methods improved,
aslessthan 5% of casesfell outside the limits of agreement for
both carbohydrate (% TE) (n=4) and total fat (% TE) (n=4)
(Figure 3). Although energy adjustment improved the
distribution of cases for protein, more than 5% of cases (n=7)
remained outside the limits of agreement [43], indicating a
poorer level of agreement between the methods for protein (%
TE). Correlation coefficients for estimates of nutrient intakes
between the two FFQs are presented in Table 4. The mean
correlation coefficient for nutrient intake between the two FFQs
was .60. Correlations varied from .43 (polyunsaturated fatty
acids % TE) to .86 (alcohal). For micronutrients, correlation
coefficients were lowest for thiamin (.46) and highest for
vitamin C (.69). The cross-classification of mean daily intakes
between the two FFQs are aso shown in Table 4. The
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percentage of participants classified into quartiles of “exact
agreement” varied from 37% (polyunsaturated fatty acids %TE)
to 63% (& cohal). The percentage of participants cross-classified
into quartiles of “exact agreement plus adjacent” was lowest
for polyunsaturated fatty acids (77%) and highest for alcohol

Forster et al

(97%). Although the mean percentage of participants classified
into quartiles of “disagreement” (opposite plus extreme
quartiles) was 15%, the mean percentage categorized into
quartiles of “extreme disagreement” was 2.5%.

Table 2. Mean daily nutrient intakes estimated by printed EPIC-Norfolk FFQ%nd online Food4Me FFQ (n=113).

Nutrient EPIC-Norfolk FFQ,mean (SD)  Food4Me FFQ,mean (SD) P value® P value®
Energy (kcal) 1684.62 (483.41) 2356.08 (809.36) - -
Total Fat (g) 66.10 (24.27) 89.48 (38.23) .001 .001
Total Fat (% TEd) 34.88 (6.18) 33.50 (5.31) .07 .03
SFA® (g) 24.91 (10.50) 36.03 (16.52) .29 29
SFA (% TE) 13.13 (3.40) 13.39 (2.78) 52 73
MU FAf(g) 23.26 (8.75) 32.82(14.84) .09 .09
MUFA (% TE) 12.26 (2.35) 12.27 (2.54) .99 .99
PUFAY(g) 12.18 (6.33) 14.33 (5.97) <.001 <.001
PUFA (% TE) 6.44 (2.63) 5.46 (1.15) <.001 <.001
Protein (g) 75.53 (21.82) 96.92 (36.87) 26 01
Protein (% TE) 18.33 (4.24) 16.56 (3.35) .001 .001
Carbohydrate (g) 197.09 (69.81) 281.89 (96.48) .09 12
Carbohydrate(% TE) 46.82 (8.14) 48.41 (6.91) A1 .06
Total sugars (g) 103.92 (45.78) 130.00 (48.61) 04 .001
Alcohol (g) 7.21(9.10) 13.61 (15.72) 18 18
Calcium (mg) 835.03 (255.85) 1159.12 (459.22) 17 7
Total folate (ug) 250.16 (68.70) 375.16 (136.40) <.001 <.001
Iron (mg) 9.70 (2.74) 15.91 (5.97) <.001 <.001
Total carotene (ug) 3512.61 (2004.14) 5811.99 (4180.17) .001 .02
Riboflavin (mg) 1.74 (0.47) 2.42(0.92) .02 .02
Thiamin (mg) 1.34(0.37) 2.42 (1.66) <.001 <.001
Vitamin B6 (mg) 2.03(0.52) 2.84(1.08) .03 01
Vitamin B12 (ug) 5.93 (2.79) 7.22(3.24) 49 49
Vitamin C (mg) 107.12 (55.87) 164.50 (87.85) .003 11
Vitamin A (RE) (1g) 984.94 (470.95) 1735.23 (3712.62) .04 95
Retinol (1g) 385.73 (300.15) 445.73 (277.59) .02 .02
Vitamin D (pg) 2.96 (1.90) 3.67 (2.15) 44 48
Vitamin E (mg) 10.64 (4.63) 10.71 (4.32) <.001 <.001
Sodium (mg) 2442.27 (772.86) 2597.38 (1070.53) <.001 <.001
Salt (g) 6.11 (1.93) 6.49 (2.68) <.001 <.001

3FFQ: food frequency questionnaire.

BAIl P values were derived by controlling for energy using general linear model analysis.
Controlled for energy and, where appropriate, center, gender, and randomization group using general linear model analysis. No significant interactions

were observed between method and gender, center and randomization group.
4TE: totdl energy.

®SFA: saturated fatty acids.

*MUFA: monounsaturated fatty acids.

9PUFA: polyunsaturated fatty acids.
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Table 3. Mean daily nutrient intakes estimated by printed EPIC FFQ#n=55) and online Food4Me FFQ (n=93) with under-reporters removed.

Nutrient EPIC (n=55),mean (SD) Food4Me (n=93),mean (SD) P va ue® P value®
Energy (kcal) 2023.79 (402.71) 2573.63 (714.10) - -
Total Fat (g) 80.68 (20.15) 98.82 (35.18) 01 01
Total Fat (% TE %) 35.84 (4.72) 34.11 (5.08) 04 .04
SFA%(g) 30.43 (9.44) 30.88 (15.46) 60 .60
SFA (% TE) 13.54 (3.02) 13.68 (2.71) 76 .76
MU FAf(g) 28.51 (7.58) 36.33(13.82) .30 .30
MUFA (% TE) 12.65 (1.97) 12.55 (2.47) .78 .78
PUFAY(g) 14.80 (5.29) 15.72 (5.57) <.001 <.001
PUFA (% TE) 6.57 (1.97) 5.50 (1.13) <.001 <.001
Protein (g) 85.69 (17.42) 105.73 (33.99) 85 30
Protein (% TE) 17.21 (3.29) 16.53 (3.26) 22 22
Carbohydrate (g) 239.40 (70.54) 306.18 (87.44) 48 48
Carbohydrate (% TE) 47.04 (7.61) 47.97 (6.94) 45 36
Total sugars (g) 131.41 (47.46) 141.51 (44.27) .009 .001
Alcohol (g) 8.50 (11.60) 14.80 (16.84) 33 33
Calcium (mg) 956.48 (226.18) 1256.82 (442.11) 14 14
Total folate (ug) 285.67 (63.38) 403.13 (125.66) <.001 <.001
Iron (mg) 10.91 (2.58) 17.18 (5.61) <.001 <.001
Total carotene (ug) 4078.51 (2051.75) 6280.68 (4311.00) .004 .004
Riboflavin (mg) 1.97 (0.41) 2.60 (0.90) .03 .03
Thiamin (mg) 1.55 (0.35) 2.48 (1.48) .001 .001
Vitamin B6 (mg) 2.32(0.47) 3.09 (1.01) .02 .01
Vitamin B12 (ug) 6.88 (2.93) 7.82(3.20) 72 72
Vitamin C (mg) 126.64 (57.42) 178.47 (87.62) .01 A1
Vitamin A (RE) (ig) 1190.08 (471.67) 1917.85 (4067.44) 53 53
Retinol (jug) 490.82 (323.56) 481.24 (287.30) .01 .01
Vitamin D (pg) 3.48 (2.03) 3.98 (2.21) 58 58
Vitamin E (mg) 13.06 (4.56) 11.65 (4.07) <.001 <.001
Sodium (mg) 2879.23 (712.59) 2841.48 (1009.77) <.001 <.001
Salt (g) 7.20 (1.78) 7.10 (2.52) <.001 <.001

3FFQ: food frequency questionnaire.

BAIl P values were derived by controlling for energy using general linear model analysis.

CControlled for energy and, where appropriate, center and/or gender using general linear model analysis. No significant interactions were observed
between method and gender or center.

4TE: totdl energy.

®SFA: saturated fatty acids.

*MUFA: monounsaturated fatty acids.
9PUFA: polyunsaturated fatty acids.
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Table4. Unadjusted correlation coefficients and cross-classification of quartiles of mean energy and nutrient intakes derived from the online Food4Me
FFQ%and printed EPIC-Norfolk FFQ.

b

Correlation®  Exact agreementd, (%) Exact agreement + adjacent®, (%) Disagreementf, (%) Extremedisagreement?, (%)

Energy (kcal) 68 52 88 12 1
Total Fat (g) 70 46 90 10 1
Totdl Fat (% TE")  .54° 39 78 22 4
sFA! (g) 71 46 a1 9 1
SFA (% TE) 63 38 84 16 2
MUFAl(g) 70 a7 93 7 2
MUFA (% TE) 57¢ 39 81 19 2
PUFAK(g) 56 39 86 14 4
PUFA (% TE) 43 37 77 23 1
Protein (g) .63 46 86 14 1
Protein (% TE) 63 50 85 15 2
Carbohydrate (g) .63 55 84 16 3
Carbohydrate (%
TE) 72 53 88 12 0
Total sugars (g) 74 57 94 6 2
Alcohol (g) .86 63 97 3 0
Calcium (mg) 51 45 81 19 3
Total folate (Lg) 53¢ 49 81 19 3
Iron (mg) 48 44 79 21 5
Total carotene (ug) .58 44 80 20 2
Riboflavin (mg) .52 38 82 18 4
Thiamin (mg) 46 40 84 16 5
Vitamin B6 (mg) .56 49 85 15 4
Vitamin B12 (ug) .49 39 81 19 4
Vitamin C (mg) .69 52 89 11 2
Vitamin A (RE) (ug) .55 42 82 18 3
Retinol (ug) .65 48 91 9 3
Vitamin D (pg) 57 42 87 13 4
Vitamin E (mg) 57 43 81 19 4
Sodium (mg) .58 50 84 16 1

3FFQ: food frequency questionnaire.

bCorrelation is significant at the .01 level (2-tailed) for al nutrients analyzed.

CPearson’s correlation.

dExact agreement: % of cases cross-classified into the same quartile.

Exact + adjacent agreement: % of cases cross-classified into the same or adjacent quartile.

fDisﬁ‘;]reement: % of cases cross-classified 2 quartiles apart.

9Extreme quartiles: % of cases cross-classified into extreme quartiles.

MTE: total energy.

'SFA: saturated fatty acids.

JMUFA: monounsaturated fatty acids.

KPUFA: polyunsaturated fatty acids.
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Figure 3. Bland and Altman plots with mean difference and limits of agreement (solid line represents mean difference and dotted lines represent limits

of agreement). TE: total energy.

.
e
E
o
Total Fot ) (EFIC- Foo d4bs)
N -
-~
X

DiMiran o8 En srgy Koal) (EFIC-Fop aame)
*

Difhrenae

Tol Fat (6T B (EFC-Food ats)

fornon

1000 2000 annn
Mean Energy (koal ([ EFICH Faud dhke) )

] 0 180
Moan Total Fat (1) [EFICH Fond4Me) 2]

il an
Mean Toal Fat(5 ) i{EFIC+ Food dae 2]

a. Energy (kcal) b. Total Fat (g)

c. Total Fat (%TE)

5 10 ; " g 1o g ™

H H i H

HE En o 8o

g ¢ g §

H R P £ S S

4 D IV & A 