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Abstract

Background: Smoking among cancer survivors increases the risk of late effects and second cancers. This article reports on
Partnership for Health-2 (PFH-2)—an effort to develop an effective and scalable version of Partnership for Health (PFH), which
was a previously tested peer-delivered telephone counseling program that doubled smoking cessation rates among childhood
cancer survivors who smoke.

Objective: This paper presents results from arandomized controlled trial evaluating the effectiveness of PFH-2 in targeted and
tailored Web-based versus print formats. The overall goal wasto determine whether the intervention outcomesin these self-guided
scalable formats approximate what was found in a more intensive telephone counseling program.

Methods: Thisstudy wasarandomized controlled trial with a 15-month follow-up that included 374 smokerswho were survivors
of childhood or young adult cancers, recruited from five survivorship clinics. Participants were randomly assigned to a Web-based
or print format of the PFH intervention; all had accessto free pharmacotherapy. The website was designed to provide new content
at each log-on, and a peer counselor moderated aforum/chat feature. The primary outcome was smoking status at 15 months post
randomization.

Results: In total, 58.3% (77/132) of Web participants logged on at least once (mean visits 3.25). Using multiple imputation
methods for missing data, there were similar rates of cessation in the two arms (print: 20/128, 15.6%; Web: 33/201, 6.4%), and
no differences in quit attempts or readiness to quit. The quit rates were equivalent to those found in our previous telephone
counseling intervention. There were high rates of satisfaction with both of the PFH-2 interventions.

Conclusions: The print and Web formats yielded equivalent levels of success to those found with our telephone-delivered
intervention and are comparable to other Internet treatment studies. This study provides important options for survivorship
programs that may not have resources for interpersonal forms of cessation counseling. Efforts to increase patient use of the
interventions may result in higher cessation rates.
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Introduction

Methods

Remarkable improvements in the treatment and long-term
survival of childhood and young adult cancer survivors have
resulted in prevention of adverselate effects and second primary
cancers being a key part of survivorship care [1-5]. Smoking
rates among this population are substantial [6-8]. In the
Childhood Cancer Survivor Study, the largest US cohort of
childhood cancer survivors, 28% of survivors reported having
smoked at least 100 cigarettesin their lifetime and 17% reported
current cigarette smoking [6]. In the British Childhood Cancer
Survivor Study, a population-based cohort of 17,981 survivors,
20.0% were current regular smokers and 29.8% were regular
smokers but no longer are [8].

This team’s previous work has demonstrated the efficacy of
Partnership for Health (PFH), asurvivor-focused peer-delivered
telephone counseling intervention for smoking cessation. PFH
led to adoubling in quit rates compared with usual care and the
intervention effect was sustained over 2-5 years of follow-up
[9,20]. The connection that the peer-delivered intervention
provided between survivors was an important way to engage
participants in the intervention. However, it is challenging to
scale interventions that include ongoing counseling.

A recent evaluation of existing infrastructure for delivering
smoking cessation services in the context of survivorship
programs revedled relatively few resources;, only 3% of
programs assessed smoking status at every visit, as
recommended by Public Health Service (PHS) guidelines, and
only 25% offered cessation services [11]. Further, cancer
survivors are quite geographically dispersed and thus, effective
interventions are needed that can be scaled easily and delivered
remotely regardless of survivors location. The present study
focused on the adaptation of the PFH peer-delivered intervention
for a Web- and print-based format as a way to increase the
intervention’s dissemination potential and sustainability. We
selected Web- and print-based interventions because of the
relatively high penetration of Internet access in the target age
group [12] and because these formats could beintegrated easily
into standard practice at survivorship programs across the
country, compared with telephone-based interventions.

This paper presents results from a randomized control trial
evaluating the effectiveness of Partnership for Health-2 (PFH-2)
in targeted and tailored Web-based versus print formats. The
overall goa wasto determine the outcomesfor these self-guided
scalableformats and whether they approximate what wasfound
in a more intensive telephone counseling program. Our
hypothesis was that the Web format would yield higher quit
rates than print and would be similar in effectiveness to that
found in the original PFH counseling intervention.

http://www.jmir.org/2013/11/e218/

Setting

PFH-2 was conducted in collaboration with five cancer centers
in the United States and Canada, with Institutional Review
Board (IRB) approval at all sites. The study was al so advertised
on childhood and young adult survivorship websites. Eligibility
included: diagnosed with cancer before age 35, currently
between ages 18-55, completed cancer treatment for >2 years,
mentally able to provide informed consent, reachable by
telephone, ableto speak English, and acurrent smoker (defined
as smoking within the previous 30 days). Participants were
informed that the study was examining different waysto deliver
health information, including information about tobacco use,
to survivors. They were not required to beinterested in smoking
cessation in order to participate. Baseline data collection began
on December 2005 and follow-up data collection ended in
October 2009.

A preliminary screen for eligiblity was performed at each site
viamedical record review or brief telephone screening. After
consent for sharing contact information was obtained, contact
information was forwarded to the survey team to verify
eligibility, obtain informed consent for study participation, and
administer the baseline telephone survey.

PFH-2 Study Design

PFH-2 was a stratified randomized controlled trial with cancer
center as strata. The goal was to test two scalable intervention
formats for smoking cessation among childhood and young
adult survivors, devel oped from an evidence-based intervention,
and to determine whether the Web intervention, with the
advantages that an interactive website has to offer, would
outperform tailored and targeted print materials. Participants
were randomized to one of two intervention conditions within
strata, in a5:3 randomization scheme: (1) PFH-2 Print Materials
Intervention, or (2) PFH-2 Web Intervention. The random
allocation sequence was generated by the study biostatistician.
Randomization was done by the survey team and supervised
by the biostatistician, following completion of the baseline
survey. Study design is provided in detail elsewhere [13].
Intervention goals for both conditions included: (1) assess and
enhance motivation to change, (2) address ambivalence about
behavior change, (3) provide socia support, (4) assessand build
self-efficacy, (5) increase awareness of risks, (6) identify and
address barriersto change, and (7) address nicotine dependence.
Both conditions included: (1) a letter encouraging smoking
cessation from the site oncologist, developed based on the
principles of the National Cancer Institute’s “5 A'S’ smoking
counseling guidelines, (2) free pharmacotherapy for participants
and spouses/significant otherswho want to quit, and (3) tailored
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and targeted self-help content (Web or print) addressing
participant-specific barriersto change and other survivor-rel ated
topics of interest. The intervention period was 6 months and a
follow-up survey was completed by telephone at 15 months
after randomization.

PFH-2 Print Materials | ntervention

The Print Materialsarm received tailored and targeted self-help
materials that were developed for the peer counselor condition
in PFH-1. The materialswere organized into a series of manuals,
based on readiness to change [14], that addressed
participant-specific barriersto change and other survivor-rel ated
topics of interest (eg, addressing depression, handling stress,
managing weight). The manuals were designed to be as
interactive as possible, with worksheets and opportunities for
personalizing the content included throughout. Testimonials
and stories of other survivors' experienceswere used to provide
the survivor-to-survivor connection. Both PFH-2 conditions
included other key features of the original PFH peer-delivered
intervention, including aletter encouraging smoking cessation
from the site oncologist and free pharmacotherapy (nicotine
patch or Zyban) for themselves and any smoking partner/spouse

Emmonset al

who wished to quit. Those who were interested in
pharmacotherapy contacted study staff and provided permission
to contact their health care provider for approval using a
fax-back form. We a so sent the provider acopy of the pamphl et
“Helping Smokers Quit: A guide for primary care clinicians’
(US Department of Health and Human Service/Agency for
Health Care Policy and Research) and a basic fact sheet about
adult survivors of cancer. The pharmacotherapy was also sent
to the provider and distributed to the patient by hisor her office.

A baseline feedback report (BFR) was generated for each
individual and sent between 5 and 10 business days following
completion of the baseline survey. The BFR reflected
information that patients gave on the baseline survey about their
readiness to quit, perceived risk, nicotine dependence, and,
based on these factors, which intervention manual to start with,
drawing on approaches we have used previoudly [11,15]. The
BFR aso gave basic facts about cancer treatment and illustrated
how cancer, cancer treatment, and smoking affects many of the
same organs (see Figure 1). The Print Materials condition was
designed to reflect as many of the realities as possible of how
theintervention might be utilized when scaled to existing cancer
survivorship clinics.

Figure 1. Illustration of the interaction of smoking and cancer treatment/late effects.

u lymph nudw.l lungs

bones I reproduction I abdomen

head | brain

PFH-2 Web | ntervention

Within 5-10 business daysfollowing completion of the baseline
survey, those assigned to the Web intervention were sent log-on
information. The Web intervention consisted of seven discrete
tailored sessions designed to parallel the counseling sessions
of the original PFH study and mirror the basic content of the
PFH-2 print materials. The content was dynamically tailored,
matching the participants’ stage of readiness. Upon first log-on,
participants saw their BFR, described above, on their home
page. The home page al so highlighted active components of the
intervention that participants had not yet navigated. Patients

http://www.jmir.org/2013/11/e218/

Heart
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saw refreshed content on the home page asthey progressed from
session to session. A peer counselor moderated the website's
discussion forum and served as aresource for questions.

Participants who never logged in or stopped using the site
received additional email promptsthat highlighted content that
survivors might find particularly important or engaging, along
with biweekly emailed newd etters. Those who had not accessed
the website within 11 weeks were sent afinal letter along with
the print materialsto increase the likelihood of some exposure
to theintervention content and to approximate likely approaches
in aclinic setting. Participants had access to the website for 6
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months regardless of their log-in status. For quality assurance
purposes, several “test participants’ were created and followed
throughout the implementation period to identify glitches or
issues with the Web system. These “participants’ were not
included in the tracking dataand did not impact on intervention
delivery in any way.

M easures

Sociodemographics and Medical History

Age, gender, race, ethnicity, marital status, education, height,
weight, employment status, type of cancer, and cancer treatment
were assessed.

Internet Access and Utilization

Internet access and utilization were measured with questions
about whether participants owned acomputer, whether they had
accessto the Internet at home and/or work, and how frequently
they used a computer, email, and the Internet [16].

Smoking Behavior

“Smoking status’ was assessed by self-reported assessment of
smoking, even a puff, in the past 30 days. The bogus pipeline
procedure was used to increase the accuracy of self-report,
following standard implementation methods [17,18].
Specifically, participantswereinformed that they may be asked
to provide asalivasampleto confirm their smoking status. This
procedure has been found to improve the quality of self-reported
smoking behavior. “Nicotine dependence” was assessed based
on number of minutes after waking that participants smoked
their first cigarette [19] (<30 minutes, nicotine dependent; =30
minutes, not nicotine dependent). “ Quit attempts’ were assessed
by the number of quitsin the previous 12 months with at least
24 hours abstinence. “Use of pharmacotherapy” was assessed
with two questions about whether participants had ever used
Zyban or nicotine replacement therapy to quit smoking.

Motivational Variables

“The Stages of Change Scale” assessed motivation to quit
smoking [14], according to four categories: (1)
precontemplation: not seriously thinking about quitting in the
next 6 months; (2) contemplation: seriously thinking about
quitting in the next 6 months; (3) preparation: intending to quit
in the next month and have tried to quit in the past year; and
(4) action: not currently smoking and quit within the past 6
months. “ Self-efficacy” was assessed related to participants
level of confidence that they could quit smoking in the next 1
and 6 months [7].

Household and Workplace Smoking Policy

Participants were asked about rules regarding smoking at home
and work (smoking unrestricted inside the building/house,
limited to certain rooms, or forbidden inside the building/house).

Psychological Variables

“Cancer-related distress” was assessed with the Intrusive
Thoughts subscale of the Impact of Events Scale (IES), which
measures frequency with which thoughts regarding cancer
recurrence intrude into consciousness[20]. “ Perceived control”
was assessed with a 3-item scale that measured the degree to

http://www.jmir.org/2013/11/e218/

Emmonset al

which participants felt they could control physical side effects,
future health, and chance of acancer recurrence[21]. “ Perceived
vulnerability” was assessed with aquestion about the likelihood
of experiencing serious health problems in the future [11,22].
“Depression” was measured with the 2-item Prime MD scale
[23].

Contact With the Health Care System

Participantswere asked if they had aregular health care provider
and if they had been seen by their primary care physician or
their oncologist in the past year.

I ntervention Use

Use of the Web-based intervention was assessed using Web
analytics. Use of the print intervention was assessed on the
follow-up survey, with questions about the percentage of
materials read and frequency of use.

Data Analysis

Original sample size calculations were adjusted due to the
discovery during implementation that the participating
survivorship programs estimates of smokers were an
over-estimate. Thus, we used a 5:3 all ocation scheme to ensure
an adequate sample size to evaluate the use of the Web-based
intervention. With this approach, we had 71% power to detect
a difference of 9% in quit rate between the Web and print
groups. Baseline comparisons of patient characteristics between
intervention arms were assessed. Depression level wasthe only
variable of significancein this comparison and was, in addition
tosite, controlled for inall future analyses. All outcome analyses
were conducted using multiple imputation methods based on
the assumption of arbitrary missing patterns and thus used
Markov chain Monte Carlo methods. Thisassumes multivariate
normality to impute missing values (11.7%, 27/230 of the Web
group and 12.5%, 18/144 of the print group were missing at
follow-up). All analyses followed procedures described in the
SASOnlineDoc Version 8 for multipleimputation [24]. Logistic
regression models were created to assess the impact of a priori
determined  predictor variables on the primary
outcome—smoking status at follow-up. Variables that were
significant in these models were considered potential variables
to be entered into a multivariable logistic model predicting
smoking status at follow-up. Any a priori determined variable
(such as study site and depression level) were included in the
final model selection regardiess of bivariate significance. A
parsimonious model that made clinical sense was devel oped by
a process of forward and backward stepwise regression based
on the individual variable significance in the model and the
effect itsremoval had on other variable coefficientsin the model.
This was followed by assessing potential interaction effects,
effect modifiers, and confounders. For the secondary outcome
variables—quit attempts and readinessto quit smoking—similar
model development occurred using polytomous logistic
regression modelswith categorical outcome. All analyseswere
conducted in SAS Version 9.3.
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Results

Participant Characteristics

We assessed eligibility among 4399 survivors, 4025 people
were excluded (35.88%, 1444/4025 were not reached; the
majority of the remainder wereineligible dueto smoking status);
46.7% (374/801) of digible survivorswere enrolled in the study.
Intotal, 88.0% (329/374) of enrollees completed the 15-month
follow-up (see Figure 2). In Figure 2, “lost to follow-up” were
subjects for which no contact information was available at the
15-month time period whereas “missing” were those subjects
who did not respond to the survey after multiple contact
attempts.

Mean age at enrollment was 32 years (SD 7.94) and at cancer
diagnosiswas 12 years (SD 8.06). The sample was evenly split
by gender (51.3%, 192/374 male) and was predominantly white
(86.4%, 323/374). In total, 36.1% (135/374) had a high school
education or less and 29.7% (111/374) had at least a college
degree. About half (176/374) were married or living with a
partner and the majority (79.4%, 297/374) were employed in
the last year. There were no differences between the two arms
at baseline on any demographic or cancer-related variables (see
Table 1).

A total of 59.9% (224/374) of the sample smoked lessthan one
pack of cigarettes per day (range <1 to 60; mean 10/day). About
half of the sample was ni cotine dependent. The mgjority (63.1%,
236/374) were in preparation to quit smoking and 55.9%
(209/374) screened positive for possible depression.

Therewere no differencesin any baseline demographic variables
among completers and drop-outs except employment status;
drop-outs were more likely to be employed.

Primary Outcomes—Smoking Cessation

There were no significant differences between the two
interventions arms in terms of smoking status at follow-up. At
the final assessment, 16.5% of Web participants (22/132) and
15.5% of print participants (20/127) reported being abstinent
for the previous 30 days (see Table 2).

Several factors were associated with smoking abstinence in
multivariate analyses, including gender (P<.04, maleslesslikely
to have quit at follow-up) and cancer treatment factors (higher
cessation rates were associated with a cancer diagnosis of
leukemia [P=.03] or non-Hodgkin's lymphoma [P=.01], not

http://www.jmir.org/2013/11/e218/
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having received radiation [P=.01], and having received surgery
[P=.01]). Higher levels of perceived vulnerability for serious
illnessin the future was marginally associated with lower rates
of cessation (P=.08 for more likely vulnerable) and less
restrictive rules about smoking in the home were associated
with significantly lower rates of cessation (P=.05).

An exploratory comparison of quit rates in the origina PFH
peer-delivered tel ephoneintervention with the current Web and
print condition suggests that the PFH-2 interventions attained
equivalent levels of cessation. The original telephone-delivered
intervention resulted in quit rates of 15% at 12-month follow-up.
Although this was not a randomized comparison, these results
do suggest that both Web- and print-based i ntervention methods
developed specifically for cancer survivors do have a similar
level of intervention impact to that found with amore intensive
peer-counseling telephone intervention.

Secondary Outcomes—Quit Attempts and Readiness
to Change

There were no significant differences between the two armsin
termsof quit attempts (see Table 3). On average, 35.1% (91/259)
of participants made no quit attempts, 37.8% (98/259) made
limited (1-3) attempts, and 27.0% (70/259) made extensive (4+)
quit attempts over the 15-month follow-up period.

Demographic factors associated with quit attempts in
multivariable analyses included male gender (P.001 and P=.06
for limited and extensive quit attempts, respectively), having
less education (P=.01 for limited quit attempts), using
pharmacotherapy (P<.001), being a more frequent computer
user (P=.03-.06), perceiving a moderate (P=.03) or high level
of vulnerability (P=.07) to serious future illness (for limited
quit attempts), and not being nicotine dependent (P=.002 for
extensive attempts).

Therewere also no significant differences between thetwo arms
in terms of impact on readiness to quit smoking. Only two
variables, using pharmacotherapy and nicotine dependence,
were associated with readinessto quit in multivariable analyses:
using pharmacotherapy was associated with being in the action
(OR 5.33, 95% CI 1.20-23.64) (P=.03) and preparation stage
(OR 6.05, 95% CI 1.81-20.17) (P=.01) (vs precontemplator).
Those who were not nicotine dependent were morelikely to be
in later stages at the follow-up (OR 4.27, 95% CI 1.21-12.95)
(P<.01) and preparation versus precontemplation (OR 2.03,
95% Cl 1.02-4.02) (P=.006).

JMed Internet Res 2013 | vol. 15 | iss. 11 |e218 | p.8
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Baseline variables by treatment condition (n=329).
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Treatment condition P value?
Print Web
(n=128) (n=201)
n % n %
Demographics
Gender (Female) 70 55.6 93 458 19
Education .85
< high school or GED 43 34.1 75 36.9
Some college or training after college 50 39.7 63 31.0
College graduation 35 27.8 63 31.0
Age (LS means) 33.59 32.50 23
Employed, past year 97 77.0 159 78.3 .46
Race 47
White 111 88.1 173 85.2
Non-white 17 135 28 13.8
Marital status 71
Married/living with partner 61 484 100 49.3
Never married and not living with partner 55 43.7 83 40.9
Divorced/no longer living with partner 12 9.5 18 8.9
Cancer diagnosis .79
Leukemia 34 27.0 45 22.2
Hodgkins disease 21 16.7 40 19.7
CNS malignancy 15 119 17 84
Non-Hodgkins Lymphoma 6 4.8 14 6.9
Bone cancer 10 7.9 15 74
Other 42 333 70 345
Received radiation 81 64.3 122 60.1 71
Received chemotherapy 96 76.2 153 75.4 91
Received surgery 93 73.8 141 69.5 .53

Psychological variables

Spent at least part of the day worried about getting cancer again in past week

Yes

Impact of Eventsscale, Intrusive Thoughts subscale - categorized

None
Little
Some

More

Screened positive for possible depression

Perceived personal control (LS means)

Perceived risk for serious health problemsin the future

No chance/very unlikely/unlikely
Moderate chance

Likely

22

47
22
29
30
85
10.88

29
37
36

13
175 24 118
22
37.3 78 384
175 47 232
23.0 35 17.2
238 41 20.2
67.5 100 49.3 .003
11.76 .07
.61
230 41 20.2
294 60 29.6
28.6 53 26.1

http://www.jmir.org/2013/11/e218/

RenderX

JMed Internet Res 2013 | vol. 15 | iss. 11 [e218 | p.9
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Emmonset al

Treatment condition P value?
Print Web
(n=128) (n=201)
n % n %
Very likely/certain to happen 25 19.8 14 21.7
Health
General health .67
Excellent/very good 43 34.1 66 325
Good 53 42.1 77 37.9
Fair/poor 32 254 58 28.6
Stage of change .86
Precontemplation 15 11.9 33 16.3
Contemplation 34 27.0 39 19.2
Preparation 7 61.1 127 62.6
Computer Use
Computer use at baseline .79
Daily 81 64.3 124 61.1
Less than daily, but monthly or more 20 15.9 43 21.2
L ess than monthly or never 27 214 34 16.7
&Controlling for site.
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Figure 2. Recruitment and retention rates (Consolidated Standard of Reporting Trials Statement - CONSORT).

4399 assessed
for eligibility

Excluded (n=4025):
2154 not meeting inclusion
criteria
427 refused to participate
1444 not reached

A 4

Yy

374 participants enrolled and randomly
assigned (48% of those reached)

: :

230 allocated to Web arm 144 allocated to Print arm
230 received Ix 144 received Ix
15-month follow-up 15-month follow-up
203 completed surveys 126 completed surveys
4 lost to follow-up 6 lost to follow-up
17 missing 8 missing
3 deceased 1 deceased
3 refused to participate 3 refused to participate
Analyzed, N=230 Analyzed, N=144
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Table 2. Multivariable models predicting smoking at 15-month follow-up (n=374).
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Abstainer vs smoker at follow-up
(adjusted for site)

Pvaue Adjusted OR (95% CI)

Treatment condition

Gender

Race

Print
Web

Male

Femae

White

Non-white

Screened positive for possible depression

Diagnosis

Received radiation for CA

Received surgery for CA

Yes

No

Leukemia

Hodgkins Disease

CNS malignancy
Non-Hodgkins Lymphoma
Bone cancer

Other

Yes

No

Yes

No

Perceived vulnerability for seriousillnessin future

No chance/very unlikely/unlikely
Moderate chance

Likely

Very likely/certain to happen

Rules about smoking in home at follow-up

Thereareno rules

People can only smoke in certain rooms

People cannot smoke inside

REF?®  1.00

87 1.07 (0.50-2.26)
.04 0.49 (0.25-0.97)
REF 1.00

57 1.37 (0.46-4.06)
REF 1.00

22 0.62 (0.29-1.34)
REF 1.00

.03 2.64 (1.07-6.52)
1.00 1.00 (0.31-3.20)
63 0.65 (0.12-3.68)
.01 6.35 (1.48-27.17)
86 1.13 (0.27-4.68)
REF 1.00

.01 0.39 (0.19-0.81)
REF 1.00

.01 3.39 (1.29-8.88)
REF 1.00

REF 1.00

77 0.88 (0.37-2.11)
.08 0.40 (0.14-1.12)
12 0.45 (0.16-1.23)
.05 0.38 (0.14-0.98)
.16 0.35 (0.08-1.53)
REF 1.00

8REF: reference point.
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Table 3. Multivariable models predicting quit attempts among smokers at 15-month follow-up (n=374).
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4 or more times vs none

1-3 times vs none

(adjusted for site) (adjusted for site)
P value Adjusted OR (95% ClI) P value Adjusted OR (95% ClI)
Treatment condition
Web .90 1.05(0.51-2.18) .96 1.02 (0.54-1.90)
Print REF? 1.00 REF 1.00
Gender
Male .06 2.06 (0.98-4.33) 01 2.27 (1.18-4.40)
Female REF 1.00 REF 1.00
Race
White .09 0.38(0.12-1.18) 01 0.28 (0.10-0.74)
Non-white REF 1.00 REF 1.00
Screened positive for possible depression
Yes .30 0.67 (0.32-1.43) .60 0.83 (0.43-1.63)
No REF 1.00 REF 1.00
Education
Did not complete HS/ GED .78 1.34 (0.16-11.36) .01 5.24 (1.50-18.33)
Completed HS/ GGED 23 0.53 (0.19-1.49) 58 0.77 (0.31-1.93)
Somecollegeor training after .79 1.13(0.45-2.85) .64 1.23(0.51-2.97)
HS
College graduate REF 1.00 REF 1.00
Use medication to help quit smoking at follow-up
Yes <.001 9.45 (2.90-30.74) <.001 9.27 (3.04-28.28)
No REF 1.00 REF 1.00
Computer use
Daily .03 3.33(1.12-9.90) .06 2.20 (0.97-4.96)
< than daily, but .03 4.01 (1.12-14.40) 04 2.89 (1.05-7.95)
monthly or more
< than monthly/never ~ REF 1.00 REF 1.00
Experience any seriousillnessin future
No chance/very unlike- REF 1.00 REF 1.00
ly/unlikely
Moderate chance 24 1.93 (0.64-5.80) .03 3.33 (1.16-9.56)
Likely 36 1.67 (0.55-5.10) .07 2.52 (0.91-6.97)
Very likely/certainto .52 0.69 (0.22-2.17) 55 1.39 (0.47-4.09)
happen
Smoke within 30 minutes of waking
Yes REF 1.00 REF 1.00
No .002 3.70 (1.66-8.25) A5 1.65 (0.83-3.26)

8REF: reference point.

Process Outcomes

I ntervention Use

Of the Web participants, 58.3% (77/132) logged on at |east once
(mean visits 3.25). Among visitors to the site, 13% (10/77)

http://www.jmir.org/2013/11/e218/

logged on once, 20% (15/77) twice, 13% (10/77) three times,
and 54% (42/77) logged on four or more times (range 6-98
times). Those who reported using the website more frequently
(3+ times) had higher quit attempts and lower smoking rates at
follow-up, compared with less frequent users (see Table 4). We
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explored abstinence as an outcome related to different levels of
use between groups; however, dueto the distribution of quitters
across intervention groups and use patterns, attempts to model
the relationships were unstable.

Among the print condition participants, 58.3% (74/127) reported
reading most or al of the print materials. About half reported
using the materials on multiple occasions. Those who used more
of the print materials (most/all) had higher quit attempts and
lower smoking rates at follow-up, compared with those who
used the materialsless.

In total, 13.9% (36/259) of participants requested
pharmacotherapy, with no differences between arms. Among
those who reguested this assistance, it was provided in 87%
(31/36) of the cases; the primary reason for not providing it was
that the participant did not have aregular physician who could
confirm that there were no contraindications.

Satisfaction With I ntervention

Of the Web participants who logged in, 87.9% (116/132)
reported being satisfied or very satisfied with the site. Further,

Emmonset al

75.8% (100/132) reported that the site provided new information
about smoking, 83.3% (110/132) felt it provided new
information about survivorship, and the majority felt that it was
updated often enough; 81.1% (107/132) would recommend the
site to other survivors.

Inthe print condition, 92.1% (117/127) reported being satisfied
or very satisfied with the materials. Further, 93.7% (119/127)
reported that the materials provided new information about
smoking and 89.0% (113/127) felt they provided new
information about survivorship; 88.2% (112/127) would
recommend the materialsto other survivors.

Access to the Web | ntervention

In total, 79.9% (299/374) of the sample owned a computer and
had access to the Internet at home and/or work; the majority
(77.0%, 288/374) used the Internet at | east once per week. Those
who did not have regular Internet access had less education
(P=.001), were morelikely to be unemployed (P=.001), divorced
(P=.001), and to be heavier smokers (P=.003). We offered MSN
TV to those who did not have regular Internet; roughly
two-thirds declined it.

Table 4. Quit attempts and smoking rate at follow-up among high/low intervention users.

Quit Attempts Smoking Rate (cigs/day)
Print Web Print Web
Low Use 2.0 342 13.7 9.8
High Use 445 6.47 9.84 3.42
: : Surprisingly, the majority of these participants declined the
Discussion Prisingy aonty paricip

Principal Findings

This paper assesses the efficacy of a print versus Web version
of the Partnership for Health intervention. Both interventions
were developed to address scalability of smoking cessation
interventions among childhood and young adult cancer
survivors. PFH-2 was designed to transl ate core components of
PFH [9] to more scalable formats, and to determine whether
equivalent levels of cessation could be achieved via a website
tailored to cancer survivorship. Although we did indeed find
that the PFH-2 intervention achieved similar levels of cessation
to the peer counseling intervention, contrary to our hypothesis,
there were no differences in cessation rates in the print versus
Web arms and no differences in quit rates or changes in
readinessto quit. Both interventions were viewed as substantive
and appealing and were relatively comparable in terms of
intervention “dose” based on participant report of use. These
findings suggest that either the print or Web-format intervention
could be recommended for survivors who smoke, as these
cessation interventions yield equivalent levels of success to
those found in our previous telephone-delivered intervention.
The outcomes are also comparable to other Internet treatment
studies [25] and PHS clinical guidelines for cost-effective
interventions.

A Web-based approach was selected because of the presumed
computer affinity of this younger population, as well as the
potential for dissemination. We did offer access to the Internet
via MSN TV to the 20% that did not have Internet access.

http://www.jmir.org/2013/11/e218/

offer. Thismay reflect an active choice among theseindividuals
not to engage with this technology and suggeststhat, at least in
the population of childhood and young adult cancer survivors,
effortsto increase access may not be helpful. Among those who
received the print materials, engagement was good, which may
be preferable in some settings and to some participants.

A key issuefacing any disseminated, patient-guided intervention
islevel of patient engagement. Low levels of intervention use
is a common problem in both Web and print interventions
[26-30] and rapid and consistent declines in intensity of use
occur over time[31,32]. A dose-response between website use
and abstinence outcomes has been documented [33-35].
Consistent with thisliterature, in PFH-2 use of the website was
associated with cessation-related efforts. Chiu and Eysenbach
[36] call for development of a research agenda targeting how
to improve use of Web-based interventions, which is critical if
they are to be helpful in taking more labor-intensive
interventionsto scale. Theincreasing penetration of social media
and technology may present opportunities for increasing
engagement, as noted by Graham et a [33,37]. Active
participation in online communities is associated with higher
rates of cessation, and integrating smokersinto an online social
network can increase support and may also increase utilization
of cessation tools and nicotine replacement therapy [38]. Text
messages and Twitter could be utilized as efficient ways for
peer counselors to engage survivors. The increased access to
video cameras on laptops and smartphones also provides
opportunities to evaluate Skype and videoconferencing as
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engagement strategies, although these strategies may also
present issues when taken to scale. In the present study, we
targeted al smokers—not just those who were interested in
quitting smoking. Theintervention was designed and presented
with a focus on general survivorship issues, in addition to
smoking, and was organized by stage of readiness to change.
That said, those with lessinterest in cessation would be expected
to have lower levels of engagement with cessation content,
although integrating smoking-related information into other
forms of interventions or materials for survivors may be away
to increase their reconsideration of smoking.

Use of pharmacotherapy was quite low, particularly given the
high level of readiness to quit and the fact that it was available
at no cost. Thisis somewhat puzzling, but may be a function
of survivors heavy use of medications as part of cancer
treatment and possibly survivorship, which may make them
more reticent to use pharmacologic treatments for
non-cancer-related issues. In 2014, CMS (Center for Medicare
and Medicaid Services) programswill cover al FDA-approved
medications and cessation counseling [39]. There are very
tangible and important health benefits associated with
population-level accessto evidence-based cessation treatments
inthe general population [40-42], and the benefitsfor survivors
may be even greater, given the synergistic effects between
smoking and their increased risk of late effects. Our findings
suggest that while access is important, alone it may not be
sufficient in this high-risk population to achieve large-scale
increases in pharmacotherapy use. Thisisan areathat warrants
further research attention.

This study highlights the need to develop an effective
infrastructure for delivery of smoking cessation services to
childhood and young adult cancer survivors. The infrastructure
for identifying smokers within long-term survivorship care
programsislargely missing [11] and amore systematic approach
to patient tracking and follow-up is needed. Survivorship
programs should be strongly encouraged to follow the PHS
guidelinesfor delivery of smoking cessation servicesinclinical
care settings [43,44]. Given the current movement toward
electronic health records [45], it is likely that there will be
greater opportunity for developing this infrastructure within
survivorship programs. The American Society of Preventive
Oncology recently called for aparadigm change related to cancer
prevention after cancer, highlighting a critical need to reduce
preventable risk factors[46]. Tobacco useis not systematically
assessed in US cancer programs—less than half of
comprehensive cancer centers have a strategy in place for
effective identification of tobacco use [47] and only 28% use
any tobacco-related quality improvement measures. Asaresult,
alarge proportion of smokerswith cancer do not receive formal
assistance with quit attempts. An important question would be
whether survivorship-focused interventions are needed or if
survivors could be integrated into widely available
Internet-based cessation programs, such as QuitNet or
BecomeAnEx. Our previous qualitative work suggests that the
survivorship identity may be quite important in terms of being
willing to engage in smoking cessation [48]. However,
additional experimental work to determine the added value of
tailoring to survivorship would be extremely valuable.

http://www.jmir.org/2013/11/e218/
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Cancer survivorsare aunigue popul ation that should be uniquely
aware of risksfor cancer. However, not all childhood and young
adult survivors are well informed about their cancer, its
treatment, and the associated late effects, in large part because
of theyoung age at diagnosis, disease, and treatment compl exity,
and the fact the knowledge about | ate eff ects has been emerging
over time [49,50]. The Childhood Cancer Survivor Study has
demonstrated that emotional distress is related to health
behaviors, including smoking in long-term survivors, and
subgroups that are at risk for becoming smokers (eg, lower
income survivors, those with multiple medical morbidities) have
higher distresslevels[51,52]. A study of adolescent and young
adult survivors did not find statistically significant differences
between survivorsand controlsin termsof psychological distress
or health-related quality of life, but survivors had less positive
health beliefs [53]. Of note, these survivors' beliefs reflected
their perceived bad luck and uncertainty about their health,
including concerns about future medical problems (ie, health
perceptions) and beliefs (ie, cognitive competence) that they
have cognitive challenges that could impact their function (eg,
memory, attention, intellect). Thesetypes of beliefs could impact
on positive coping, such as smoking cessation.

The lack of an effective implementation infrastructure posed a
challenge in the design of PFH-2, as it does in many
implementation research studies. We considered comparing the
PFH-1 peer counseling condition with the website. However,
if we had concluded that the peer counseling was superior, we
would not have moved the field forward in terms of having an
evidence-based intervention that could be sustained and scaled
in real-world conditions. Given that we did not have a
mechanism to deploy peer counsel orsthat would be sustainable
following completion of the study, we felt it was best to learn
from the peer counsel or model and adapt to asustainableformat.
Thus, PFH-2 was designed with the real-world constraints of
survivorship  care in mind and compared best
survivorship-focused print materials with the website, which
provided some interactivity but was more sustainable and
scalable than peer counseling. Thisapproach is consistent with
several of the broad principles outlined by Kottke et a [54],
which are necessary in order for health research to have agreater
impact on patient and population health outcomes, including:
(1) the needs of patients and popul ations determine the research
agenda, (2) the research agenda addresses contextual and
implementation issues, including the development of delivery
and accountability systems, and (3) the research agenda
determines the research methods rather than the methods
determine the research agenda. Kottke and colleagues al so note
that the goal should be to optimize practice through research,
which was the approach we took in designing PFH-2. This
approach also addresses significant concerns raised within
implementation science about having an increased emphasison
external validity and moving away from artificial comparisons
that have little bearing on real-world care delivery [55-58]. In
the interests of maximizing fidelity and ensuring a minimum
intervention dose delivered, we did provide print materials to
participantsin the Web condition who did not accessthe website
after 3 months. Although this means that the Web condition
wasnot “pure”, as some participants had access to both the Web
and print interventions, we felt that ethically it was important
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to ensurethat patientsreceived theintervention content in some
form, when we knew that participants had not received it via
the Web.

Limitations

Study limitations should be noted. The response rate was
impacted by stringent IRB requirements regarding patient
contact and release of contact information to the coordinating
center, which may impact on generalizability of findings.
Cessation outcomes were self-reported, which is typica in
population-level and Web-based studies such as this, but still a
limitation [59]; the bogus pipeline procedure, a well-accepted
strategy for increasing the accuracy of self-report, was used
[17,18]. It is possible that self-report at the point of evaluation
of study eligibility introduced a sampling bias. However,
participants were not aware of the eligibility requirements at
thetime of recruitment, which minimized thelikelihood of bias.
Further, smokers who did not accurately report their smoking
status would likely report this same inaccuracy in the context
of their health care, and thus would avoid exposure to thistype
of intervention. Therefore, any reporting bias would not likely
effect the outcome eval uation.

There are severa important strengths to note. A
population-based approach was used in conducting this study,
identifying all potential smokers within several different
survivorship programsin the United States and Canada, which
contributes to the external validity of the findings. Data were
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conservatively analyzed using multiple imputation methods for
missing data. This study builds on the previous effective PFH
intervention and was designed to determine how best to deliver
that intervention in a more scalable format. The study design
emphasized external validity and maximizing generalizability
of study findings.

Conclusions

Smoking cessation among childhood and young adult cancer
survivorsiscritical. Effective evidence-based programs should
be integrated into primary and survivorship care delivery on an
on-going and routine basis. This study demonstrated that it was
possible to achieve equivalent cessation rates with tailored and
targeted Web- and print-based materials designed specifically
for survivors and that these cessation rates were equivalent to
those found with a more labor-intensive telephone-based
intervention. These findings suggest that survivorship programs
have flexibility in the format in which cessation services are
delivered without sacrificing effectiveness. Patients who
reported more frequent use of the materials had better cessation
rates, suggesting that devel oping methodsfor increasing patient
engagement in print and Web-based interventions might
optimize outcomes. Future research should examine such
approaches to increase engagement and should also evaluate
whether survivorship-focused interventions are critical or if
survivors experience equal benefits from robust Web-based
interventions available to the general public.
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Abstract

Background: Lack of physical activity leads to detrimental changesin body composition and metabolism, functional decline,
andincreased risk of diseasein old age. The potential of Web-assisted interventionsfor increasing physical activity and improving
metabolism in older individuals holds great promise but to our knowledge it has not been studied.

Objective: The goal of our study was to assess whether a Web-based intervention increases physical activity and improves
metabolic health in inactive older adults.

Methods: We conducted a 3-month randomized, waitlist-controlled trial in avolunteer sample of 235 inactive adults aged 60-70
years without diabetes. The intervention group received the Internet program Philips DirectLife, which was directed at increasing
physical activity using monitoring and feedback by accelerometer and digital coaching. The primary outcome wasrelativeincrease
in physical activity measured objectively using ankle- and wrist-worn accel erometers. Secondary outcomes of metabolic health
included anthropometric measures and parameters of glucose metabolism.

Results: In total, 226 participants (97%) completed the study. At the ankle, activity counts increased by 46% (standard error
[SE] 7%) in the intervention group, compared to 12% (SE 3%) in the control group (Pgiterence<-001). Measured at the wrist,
activity countsincreased by 11% (SE 3%) in the intervention group and 5% (SE 2%) in the control group (Pyifrerence=-11). After
processing of the data, this corresponded to a daily increase of 11 minutes in moderate-to-vigorous activity in the intervention
group versus 0 minutes in the control group (Pgisrerence=-001). Weight decreased significantly more in the intervention group
compared to controls (—1.5 kg vs —0.8 kg respectively, P=.046), as did waist circumference (-2.3 cm vs —1.3 cm respectively,
P=.036) and fat mass (—0.6% vs 0.07% respectively, P=.025). Furthermore, insulin and HbA 1c levels were significantly more
reduced in the intervention group compared to controls (both P<.05).

Conclusions: Thiswas the first study to show that in inactive older adults, a 3-month Web-based physical activity intervention
was effective in increasing objectively measured daily physical activity and improving metabolic health. Such Web-based
interventions provide novel opportunities for large scale prevention of metabolic deregulation in our rapidly aging population.
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Trial Registration: Dutch Trial Registry: NTR 3045; http://www.trial register.nl/trial reg/admin/rctview.asp?TC=3045 (Archived

by WebCite at http://www.webcitation.org/6K Pw52dCc).

(J Med Internet Res 2013;15(11):€233) doi:10.2196/jmir.2843
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Introduction

Lack of physical activity is perhaps one of the greatest risk
factors for contemporary societal health problems. Insufficient
physical activity contributes to obesity and has been associated
with increased risks of cardiovascular disease [1,2], diabetes
mellitus [3], cognitive decline [4,5], and premature mortality
[6,7]. For the older age groups, this is of particular relevance
asphysical activity decreases with age, while the prevalence of
metabolic disease and its complications increase as a function
of age. Intervention studies directed at increasing physical
activity have been shown to be effective and may improve
metabolism [8], including the ol der populations[9,10]. However,
most of these interventions have used face-to-face
communication, making them costly and time-consuming, thus
hampering the potential of implementation as preventive
programs at alarger scale.

Modern technologies, such as Internet and email, provide
interactive ways to administer digital coaching and feedback
on physical activity and have potential for wide-scaled
implementation. A recent meta-analysis on Web-based physical
activity intervention studies showed promising results in
increasing daily physical activity [11]. Many of these, however,
used either small study populations, included study populations
under the age of 60, or did not measure physical activity
objectively. Moreover, it is unclear what the effect is of such
Web-based physical activity interventions on outcomes of
metabolic health in old age [12,13].

Since 2005, Internet use has doubled in 65-75 year oldsin the
Netherlands [14]; 70% of this age group is familiar with using
the Internet and therefore provides a target for Web-based
interventions. In this randomized controlled trial, we examined
whether a 3-month Web-assisted intervention directed at
increasing daily physical activity was effective in 60-70 year
oldinactiveindividuals. Theintervention comprised an I nternet
program aimed at increasing physical activity, which focused
on effective components of health behavior change including
self-monitoring by accelerometer and goal setting with the help
of digital coaching. Furthermore, we studied the effect of this
intervention on metabolic health including anthropometric
measures and markers of glucose and lipid metabolism.

Methods

Study Design and Participants

The study recruited participants aged 60-70 years from the
region of Leiden, Netherlands. Therecruitment strategy included
advertisements in local newspapers and press notification,
directing participants motivated to increase physical activity to
the study website where they completed an online questionnaire

http://www.jmir.org/2013/11/e233/

that assessed the following inclusion and exclusion criteria: (1)
age between 60 and 70 years, (2) no history of diabetes or use
of glucose lowering medication, (3) absence of disability
impeding increase in physical activity, and (4) possession and
use of personal computer with Internet connection. If al of the
above criteriawere met, potentia participantsfilled out an email
addresswherethey subsequently received aquestionnaire asking
for current physical activity and personal datasuch asfull name
and address. The presence of an inactive lifestyle was then
assessed by a self-reported physical activity questionnaire:
genera practice physical activity questionnaire, GPPAQ [15].
This yielded four categories of physical activity: inactive,
moderately inactive, moderately active, and active. We defined
inactive as having less than 3 hours of exercise and cycling
combined weekly, corresponding to the inactive, moderately
inactive, or moderately active category. Participantsin the active
category of GPPAQ did not meet inclusion criteria for our
definition of an inactive lifestyle.

Subjects who met all inclusion criteria received detailed study
information in print. If willing to participate, participants
received an online questionnaire on education, smoking status,
medical history, and medication use, and visited the study center
at baseline and after 3 months (13 weeks). At the baseline visit,
subjects were randomly assigned to the intervention group or
awaitlist control group (in which the participants received the
intervention program after 3 months when the study ended) by
the study physician or research nurse. Randomization was
performed by a computerized program for intervention versus
waitlist control in a ratio of 1:1, with a block size of 12.
Stratification was performed by gender. Concealment of
treatment allocation was ensured by randomizing at the end of
the first study visit, after al baseline measurements and
instructions at the study center were completed. Blinding of this
intervention was not possible and therefore not applied. Written
informed consent was obtained from all subjects. The study was
approved by themedical ethical committee of Leiden University
Medical Center, Netherlands. An independent physician was
available for questions regarding study information.

Sample Size Calculation

The sample size of the study was based on the assumption of a
mean 10% higher increase (SD 25%) in daily physical activity
counts as measured using accel erometers on the ankle and wrist
in the intervention group compared to the control group during
a 3-month period. For this effect size with a power of 0.80 at
alpha 0.05 (two-sided), we calculated a sample size of 198
participants for the intention-to-treat (ITT) analysis. Based on
an estimated drop-out rate of 15%, we aimed to include 232
participants and stopped after successful inclusion of 235
participants.
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Intervention

Subjects in the intervention group received a commercialy
available Web-based physical activity program (DirectLife,
Philips, Consumer Lifestyle, Amsterdam) directed at increasing
daily physical activity. The DirectLife program is based on the
stages of change and |-change health behavior change models
[16,17] and takes into account the individual’s current activity
level. It then provides a personal goal. Briefly, DirectLife
consists of three elements: (1) an accel erometer-based activity
monitor, (2) apersona website, and (3) apersona e-coach, who
provides regular updates of the individua'’s physical activity
status by email and gives advice to increase physical activities
(Multimedia Appendix 1). By means of these elements, the
program aims to increase awareness about one’s own physical
activity behavior, to give feedback on recent actual physical
activity, and to provide support to make sustainable changesin
physical activity behavior. The activity monitor of DirectLife
is based on the Tracmor tri-axial accelerometer and has been
validated against doubly labeled water for the estimation of
total daily life energy expenditure[18]. The DirectLife monitor
is the consumer version of the Tracmor. Intervention group
participants received the program, including the accel erometer,
directly after randomization at the first study visit. They then
received alink by email for registration and access to the Web
program. Participants of the program were instructed to
continuously wear the activity monitor throughout the day to
measure daily physical activity (Multimedia Appendix 2). Data
were uploaded through an Internet connection to the database
of the commercial provider. After an initial 8-day “ assessment
period” starting 1 week after the study visit, in which the current
level of daily activity was measured, atarget was set to increase
the level of daily activity during a 12-week Web-based
interactive coaching program. Participants were given a target
for daily activity, which increased weekly, and data from the
accelerometer were used for regular feedback (Multimedia
Appendix 3). Coaching included general recommendations on
physical activities, and coaches were available for further
guestions and advice by email correspondence. All participants
werein contact with one of the digital coaches available for the
DirectLife program during the entire study period.

The control group was placed on a 3-month waiting list, after
which they received access to the intervention program at the
end of the study. No specific instructions regarding daily
physical activity were given.

M easurements

Basdline Questionnaire

Enrollment and follow-up took place from November 2011 to
August 2012. In preparation for thefirst visit to the study center,
all participants completed a Web-delivered questionnaire on
education, smoking status, and medical history, including
medication use. Education was categorized as low (primary
education and lower vocational education), intermediate
(secondary education and intermediate vocational education),
or high (high vocational education and university).

http://www.jmir.org/2013/11/e233/

Wijsman et d

Primary Outcome

At baseline and 3-month follow-up, daily physical activity was
measured during 7 days following the visit at the study center,
using an ankle- and wrist-worn tri-axial accelerometer
(GENEAcctiv, Kimbolton, Cambs, United Kingdom). Wear was
started on arandom weekday, and GENEA ctive monitors were
returned after 7 days by standard mail. We chose to assess the
primary outcome using accelerometers other than the one
included in the intervention program in order to avoid
interpretation of the intervention as an outcome. Both
GENEAcctiv monitors were worn 24 hours per day on the right
side. The GENEActiv wrist accelerometer provides a smple
summary statistic of total activity counts has been validated for
measuring daily physical activity against doubly |abeled water
[19]. We chose to additionally assesstotal activity countsusing
an ankle accelerometer as we hypothesized that this location
would be more sensitive to walking and cycling behavior
[20,21], the latter being a very frequent activity in our target
population in the Netherlands. Primary outcome was the
individual’'s relative change in activity counts after the
intervention compared to baseline, measured at wrist and ankle.
As a derivative outcome, we caculated from the wrist
accel erometer the minutes per day spent in moderate or vigorous
activity, which has been validated against indirect calorimetry
[22].

Measurement frequency was set at 85.7 Hz, and raw acceleration
valuesin “g" were recorded continuously on each axis over 7
consecutive days. Prior to processing, data were plotted for
visual identification of non-wear and device faults. Non-wear
was determined visualy using thresholds of movement in
combination with self-reported non-wear from participants.
Short periods of non-wear (eg, bathing) were accepted, and data
for these periods were not imputed. Accelerometer data from
participants contributing to GENEActiv datafor 5 daysor more
within the 7-day period wereincluded in theanaysis. Datafrom
each axiswere processed by ahigh pass RC filter (fc=0.27 HZ)
before computation of the resultant acceleration for each
recorded time point: R=(x? + y? + z%)%°. The average of each
24-hour integral of these values over the first 5 days was used
as the average daily activity count for the assessment period.
Asameasure of physical activity, we used total activity counts
recorded at both the ankle and the wrist accelerometer
independently. Data collected from the right wrist of each
participant over 5 days of continuous movement monitoring
were processed to yield activity counts for successive 1-minute
epochsand classified according to the appropriate MET cut-off
points according to the method of Esliger [22], to establish the
average number of minutes (epochs) spent daily in moderate
and vigorous physical activity. Outcome assessment was done
by an independent researcher who was blind to study arm
allocation (MC).

Secondary Outcomes

Body height was measured without shoes using a stadiometer.
Body weight was assessed at both visits without shoes using a
measurement scale. Waist circumference was obtained in a
standing position halfway between the anterior superior iliac
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spine and the lower rib. Hip circumference was measured
halfway between the trochanter major and the iliac crest.

Lean body mass and body fat percentage were assessed by
bio-electrical impedance (BIA) analysis using a commercial
portable device with hand-to-foot single frequency measurement
(Biostat 1500, Euromedix, Leuven, Belgium). Blood pressure
was measured twice a each visit using a hand-held
sphygmomanometer after 5 minutes of lying down. The mean
of the two consecutive measurements was used. Heart rate was
measured at the wrist after at least 5 minutes of lying down.
Grip strength was measured to the nearest kilogram three times
using a Jamar hand dynamometer (Sammons Preston, Inc,
Bolingbrook, IL, United States) with the dominant hand. The
highest value was used for analysis. Framingham risk scores
were calculated using NIH criteria[23].

Biochemical Assessments

Fasting blood sampleswere drawn from each participant at both
visitsinthe morning. Sampleswere transferred to the lab within
2 hours, diquotted, and frozen at -80°C. All serum
measurements were performed in one batch after completion
of the entire study with fully automated equipment. Fasting
glucose, cholesterol, HDL-cholesterol, and triglyceride levels
were determined using the Modular P2 analyzer (Roche, Almere,
Netherlands), and fasting serum insulin using immunoassay by
Immulite 2500 (DPC, Los Angeles, CA, United States).
Glycated hemoglobin was determined by high-performance
liquid chromatography (Primus Ultra2, Trinity Biotech
Company, Kansas City, MO, United States). C-reactive protein
(hsCRP) was determined using a high-sensitive immunoassay
(COBAS integra, Roche, IN, United States). Low density
lipoprotein (LDL) cholesterol was calculated using the
Friedewa d formulain participantswithout hypertriglyceridemia
[24].

Statistical Analyses

Differences between baseline and follow-up within groupswere
tested using a paired sample Student t test of the means. For
skewed variables, In (natural logarithm) transformation was
used. The effect of the intervention on physical activity was
assessed by an unpaired 2-sided t test, comparing the relative
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changein daily physical activity counts between theintervention
group and control group. For relative change in
moderate-to-vigorous physical activity, a nonparametric test
was used due to skewness of data. The effect of theintervention
on secondary outcomes was assessed using an unpaired 2-sided
t test, comparing the change in the secondary outcome between
theintervention group and control group. Primary analyseswere
performed by ITT principle. Our study did have one follow-up
measurement only, and loss to follow-up was very low. We
therefore did not use imputation to replace our data, and
participants from whom data were lost were not in the ITT
analysis. For per-protocol analysis, we included in the
intervention group only those participants who finished the
12-week plan of the intervention program, as assessed by
uploaded accelerometer data of the participant in week 12 of
the DirectLife intervention program. All analyses were
performed with SPSS version 20.0. Statistical significance was
accepted at P<.05.

Results

Participant Characteristics

Figure 1 showsthe inclusion flow chart of participants. A total
of 631 participants completed the questionnaire on the study
website. Of those, 235 participants (37%) met inclusion criteria
and were randomized: 119 in the intervention arm, 116 in the
control arm. Nine participants did not complete the study: 5 and
4 participantsin theintervention and control group, respectively.
Final analyses of outcomes thereforeincluded 114 participants
in the intervention group and 112 control participants.

Baseline characteristics of randomized participants are shown
in Table 1. The study groups were similar for all parameters.
The mgjority of participants were male and middle or highly
educated. A substantial number of the study participants used
antihypertensive medication: 46% and 38 % of participantsin
intervention and control group, respectively. On average,

participants were overweight with a mean BMI of 28.9 kg/m?

(SD 4.7) and 29.1 kg/m? (SD 4.7) in theintervention and control
group, respectively. There was no significant difference in
baseline activity level between groups.
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Table 1. Baseline characteristics of study participants (data are presented as medians with interquartile range [IQR] when skewed; alcohol use was
calculated only in those who reported drinking alcohol [n=102 for intervention and n=101 for control]).

Characteristics

Intervention (n=119)

Control (n=116)

Demographics
Female sex, n (%) 47 (39.5) 49 (42.2)
Age, yrs (mean, SD) 64.7 (3.0) 64.9 (2.8)
Degree of self-reported activity, n (%)
Moderately active 41 (34.5) 48 (41.4)
Moderately inactive 36 (30.3) 34 (29.3)
Inactive 42 (35.3) 34(29.3)
Level of education, n (%)
Low 7(5.9 2(17)
Intermediate 45 (37.8) 46 (39.7)
High 66 (55.5) 67 (57.8)
Current smoking 7(5.9) 8(6.9)
Alcohol use, units’'wk (mean, SD) 12.0(8.0) 10.2 (9.4)
Medical history and medication use, n (%)
Coronary heart disease® 14 (11.8) 16 (13.8)
Arrhythmia 10(8.4) 14 (12.1)
Lung emphysema 3(25) 5(4.3)
Stroke 6 (5.0) 3(2.6)
Malignancies 17 (14.3) 17.(14.7)
Thyroid disease 8(6.7) 8(6.9)
Antihypertensive use 55 (46.2) 44 (37.9)
Statin use 31(26.1) 24(20.7)
Anticoagulant use 25(21.0) 20(17.2)
Psychotropic use 11(9.2) 16 (13.8)
Physical activity
Ankle monitor, counts/day (mean, SD) 3.68x10° (1.72% 105) 3.78x10° (1.84x 105)
Wrist monitor, counts/day (mean, SD) 3.51x10° (1.10x10°) 3.39x10° (1.16x10°)

MVPAP, min/day, median (IQR)

Clinical parameters, mean (SD)

16.8 (7.8-26.4)

14.4 (8.2-32.0)

Height (cm) 173.6 (9.9) 172.1(9.3)
Weight (kg) 87.4 (15.8) 86.3 (15.8)
BMIC (kg/m?) 28.9 (4.7) 29.1(4.7)
Waist circumference (cm) 102.3 (13.2) 101.4 (12.3)
Hip circumference (cm) 109.1 (9.1) 108.7 (8.9)
Waist/hip ratio 0.93 (0.08) 0.93 (0.08)
Fat percentage (%) 36.5(7.6) 36.4 (8.1)
Systolic blood pressure (mmHg) 146 (18) 145 (17)
Diastolic blood pressure (mmHg) 86 (9) 86 (11)
Resting heart rate (beats/min) 72 (10) 71 (1)
Grip strength (kg) 37.5(10.2) 37.9(10.4)
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Characteristics

Intervention (n=119)

Control (n=116)

Framingham 10-year CV DY risk % 11.9(7.2) 11.3(7.5)
Biochemistry, mean (SD)
Fasting venous glucose (mmol/L) 5.7(0.7) 5.7(0.7)
Fasting insulin (mU/L) (median, IQR) 11.5(8.1-16.9) 10.8(7.0-15.8)
HbA1c (%) 5.4(0.3) 5.4(0.3)
HOMA® index (median, IQR) 2.8 (2.0-4.4) 2.6 (1.7-4.3)
Total cholesterol (mmol/L) 57 (1.1 5.8 (1.0)
HDL' cholesterol (mmol/L) 1.5(0.5) 1.4 (0.4)
Triglycerides (median, IQR), (mmol/L) 15(1.1-2.0) 1.4(1.1-2.0)
LDLY cholesterol (mmol/L) 3.6(1.0) 3.6(0.9)
Total/HDL cholesterol ratio 4.2(1.3) 4.3 (1.3)
C-reactive protein (median, IQR), (mg/L) 1.6(0.8-3.1) 1.4(0.84.1)

8Coronary heart disease: myocardial infarction/ angina pectoris.

bMVPA=moderate~to-vigorous physical activity.
’BMI=body mass index.

devD=cardiovascular disease.

€HOM A=homeostatic mode! assessment.
fHDL=high density lipoprotein.

9DL=low density lipoprotein.

Figure 1. Consort flowchart of participants.
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Adherenceto the I ntervention Program

All 114 participantswho completed the study in theintervention
arm received the intervention program during the visit to the
study site at baseline. Of these, 109 participants (95.6%) started
the intervention program after completing the first assessment
week of the intervention program. In total, 104 participants
(91.2%) completed the 12-week intervention program.

Primary Outcome: Physical Activity

Accelerometer datawere availablefor 107 intervention and 109
control participants for ankle monitors, and 108 and 105
intervention and control participants for wrist monitors,
respectively. After 13 weeks, daily physical activity as measured

Wijsman et d

by the ankle accel erometer increased by 46% (SE 7%, P<.001)
in the intervention group, compared to 12 % (SE 3%, P<.001)
in the control group (Pgiference<-001). Daily physical activity
measured by thewrist accelerometer increased by 11% (SE 3%,
P<.001) in theintervention group, and by 5% (SE 2%, P=.027)
in the control group (Pgitterence=-11). IN the intervention group,
there was a mean increase of 11.1 minutes per day (SE 2.1)
spent in moderate-to-vigorous activity, compared to a mean
decrease of 0.1 minutes (SE 1.5) in the control group (P for
relative difference=.001) (Figure 2). In the per-protocol analysis,
taking into account only those 91% (n=104) of participantswho
completed the intervention phase of the DirectLife program,
results did not change.

Figure 2. Changein daily physical activity expressed as moderate-to-vigorous physical activity measured at the wrist.
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Secondary Outcomes: Parameter sof M etabolic Health

Changesin parameters of metabolic health within and between
groups are shown in Table 2 and Figure 3 (data represent mean
changes with SE; P value for difference between intervention
and control group using an unpaired 2-sided t test). A significant
effect of the intervention on weight loss was seen with a mean
change of -1.49 kg (SE 0.26) in the intervention group
compared to -0.82 kg (SE 0.21) in the control group
(Pgitterence=-046). Likewise, waist circumference decreased more
intheintervention vscontrol group: —2.33 SE 0.36 cmvs-1.29
SE 0.34 cm, Pitrerence=+036. Fat percentage al so decreased more
in the intervention vs control group: —0.64 SE 0.23 vs 0.07 SE
0.22, Pyiterence=-025. Glucose metabolism  improved
significantly; HbA 1c decreased more in the intervention group
(—0.05%, SE 0.01) compared to the control group (—=0.01%, SE
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0.01, Pgitterence=-049). Similarly, fasting Ininsulin levels (-0.16,
SE 0.04 vs -0.04 SE 0.04, Piserence=-037) improved
significantly in the intervention group compared to controls, as
did the HOMA-index (-0.20 SE 0.05 vs -0.06 SE 0.04,
Pgiterence=-035). Total cholesterol, LDL, and triglycerideslevels
improved in the intervention group, but these differences were
not significant between groups. A decrease of more than 2
mmHg in systolic blood pressure was observed in both groups
(Pgifference=-83) and a decrease in resting heart rate of over 5
beats per minute in the intervention group and almost 4 beats
per minute in the control group (Pgiterence=-15). NoO significant
change in grip strength was seen in either of the groups. In the
per-protocol analysis, taking into account only those 91% of
participants who compl eted the intervention phase, differences
did not materially change.
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Table 2. Changesin parameters of metabolic health in study participants at follow-up (data represent mean differences with standard error [SE]).

Intervention (n=114) Contral (n=112)

Mean difference P value for Mean difference P value for P value between

(SE) change? (SE) change® groups®

Clinical parameters
Weight, kg -1.49 (0.26) <.001 -0.82(0.21) <.001 .046
BMIS, kg/m? -0.50 (0.09) <.001 -0.29 (0.07) <.001 .068
Waist circumference, cm -2.33(0.36) <.001 -1.29 (0.34) <.001 .036
Hip circumference, cm -1.75(0.33) <.001 -1.12(0.28) <.001 14
Waist/hip ratio -0.008 (0.004) 032 -0.001 (0.003) 81 16
Fat percentage, % -0.64(0.23) .003 0.07 (0.22) 91 025
Lean mass, kg -0.37(0.19) 32 -0.57 (0.20) .033 46
Systolic blood pressure (mmHg)  —2.73 (1.35) .046 -2.30(1.39) .10 .83
Diastolic blood pressure (mmHg) 1.10 (0.78) .16 0.10 (0.82) 91 .38
Resting heart rate (beats/min) -5.49 (0.94) <.001 -3.68 (0.85) <.001 15
Grip Strength (kg) 0.31(0.38) il 0.00 (0.34) 1.00 50
Framingham 10-year risk % -0.54 (0.33) A1 -0.01(0.31) .98 24
Biochemistry
Fasting glucose venous (mmol/L) —0.20 (0.05) <.001 -0.13 (0.04) .001 31
Ln fasting insulin (mU/L) -0.16 (0.04) <.001 -0.04 (0.04) 33 .037
HbA1c (%) -0.05 (0.01) <.001 -0.01 (0.01) 25 .049
Ln HOMA%-index -0.20 (0.05) <.001 -0.06 (0.04) 15 .035
Total cholesterol (mmol/L) -0.25 (0.06) <.001 -0.18 (0.05) .001 .36
HDL® cholesterol (mmol/L) -0.008 ( 0.02) 71 -0.04 (0.02) .033 27
Ln Triglycerides (mmol/L) -0.10 (0.03) 003 -0.06 (0.02) 023 30
LDL' cholesterol (mmol/L) -0.17 (0.04) <.001 -0.11 (0.04) 012 37
Chol/HDL ratio -0.20(0.07) .008 -0.05 (0.05) 32 10
Ln C-reactive protein (mg/L) -0.12 (0.08) A1 -0.11 (0.09) .24 92
3P values within group.
bp value between groups.

°BMI=body massindex.

9HOM A=homeostatic model assessment.
eHDL =high-density lipoprotein.
fLDL=low-density lipoprotein (Friedewald).
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Figure 3. Changesin aselection of metabolic parameters.
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Discussion

Principal Findings

In this study, we describe the effect of a Web-assisted physical
activity intervention. We found a significant increase in daily
physical activity in the intervention group compared to the
control group. Furthermore, we showed that the intervention
resulted in a significant improvement in body composition and
parameters of glucose metabolism compared to the control

group.

To our knowledge, our study is one of the first to show that a
Web-based intervention can increase daily physical activity in
older people from the general population. Attempts have been
made to incorporate the Internet as an additional tool (eg, to
generate computer-tailored advice) or intervention strategy (eg,
forum, e-buddy) to promote physical activity in the elderly
[25,26]. A recently published study showed the effects of a
Web-based intervention in seniors, albeit with use of
self-reported outcomes [27]. Furthermore, a Web intervention
has been used in an elderly study population of 50 patientswith
chronic obstructive pulmonary disease (COPD) [28].The
intervention was primarily directed at COPD sel f-management,
used self-reported exercise as secondary outcome, and compared
two different interventions instead of intervention vs a control
group, making it difficult to compare their resultswith our study.
Thus far, our study is the first to objectively assess the effects
of a Web-based intervention on increasing physical activity in
an older population. It is striking that—among an older and
i nactive popul ation—aWeb-based intervention was so effective.
The baseline metabolic condition of our participants suggested
that we included a study population with indication of the
presence of metabolic syndrome: alarge proportion of our study
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samplewas overweight or obese, had high waist circumference,
and/or used antihypertensive medication. This population, we
believe, is particularly relevant for interventions aimed at
prevention of age-related cardiovascular and metabolic diseases.

The increase in daily physical activity differed between
accelerometer measurement locations; a more pronounced
increase was found when using the ankle monitor. At the wrist,
the increase in daily physical activity was smaller and not
significantly different between groups when looking at total
activity counts, but was statistically significant when assessing
the increase in validated number of minutes spent in
moderate-to-vigorous activity. The larger difference seen
between groups in the ankle monitor compared to the wrist
monitor isin line with our hypothesis that the ankle location is
more sensitive to detect differences in daily physical activity
such as cycling behavior. The Dutch population has the highest
bicycle use worldwide, and it is likely that especialy cycling
and walking were stimulated in the inactive study population.
In the control group, we also found a small but significant
increase in daily physical activity as measured by wrist and
ankle accelerometers, but not when assessing the number of
minutes spent in moderate-to-vigorous activity. We expected
anincreasein physical activity inthe control group aswell, due
to an increased awareness of physical activity because of the
repeated trial-rel ated measurements [29]. Thisfinding illustrates
the need for performing studies in a controlled manner and
strengthens our finding that, despite this observation in the
controls, theintervention group increased daily physical activity
significantly more. Furthermore, there is a need for better
understanding the measurements of physical activity patterns
from the accel erometer to further underpin the behavior changes
associated with such interventions.
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Few data exist on the effect of Web interventions directed at
physical activity on metabolic health in the general population.
Three previous smaller Web-based intervention trials studied
outcomes related to metabolic health in populations without
chronic disease. Bosak et a studied the effect of a6-week Web
intervention directed at increasing physical activity in 22
participants (mean age 50 years) with metabolic syndrome but
found no significant improvementsin physical activity, fitness,
or lipid levels[30]. After a 16-week Web-based physical activity
intervention in inactive adults (mean age 41 years), Carr et a
[12] found some improvement in triglycerides levels in the
intervention group (n=14) only, but not in any other markers of
body composition, lipid, or glucose metabolism, and differences
were not compared to the control group (n=18). Hurling et a
studied the effects of a 9-week Web-based intervention on
anthropometric outcomes and blood pressure in 77 subjects
(healthy adults with a mean age of 40 years) [13] and found a
significant decrease in body fat between groups, but no effects
regarding systolic or diastolic blood pressure. In our study, we
also found no significant effect on systolic blood pressure and
markers of glucose metabolism. Part of the explanation of why
our results differ from the previous studiesis that we studied a
large sample of older participants with overweight and an
inactivelifestyle, likely resulting in ahigher burden of metabolic
derangement. This has resulted in a higher statistical power to
detect differences in health compared to the smaller studies.
Alternatively, our intervention may have been especialy
effective since it was able to deliver personalized feedback on
physical activity levels, thereby stimulating behavior change.
Finally, we may have selected participants that were more
motivated than the participants of the other studies, possibly as
the result of chance or our selection process.

Limitations and Strengths

In our study, we used a waitlist control group. In genera, a
potential bias in this design is the existence of attention bias,
meaning that results could be achieved dueto the extra attention
given to the intervention group compared to the control group,
instead of intervention aspects such as goal setting and
salf-monitoring. However, the attention given to the intervention
group in our study comprised emailing and contact with the
coach, which was an essential part of the intervention program
under study. Therefore, we believe that the intervention was
effectiveinincreasing physical activity and improving metabolic
health.

The present study shows the large potential of using
Web-assisted interventions for increasing physical activity and
increasing metabolic health in a very relevant and aging
population. We were able to include over 200 highly motivated
participants and improve their metabaolic profile within 3 months.
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However, it is unclear whether compliance can be sustained
and whether long-term positive effects can be expected. The
very few studies that reported on longer term follow-up and
showed a significant increase in PA also after a shorter
follow-up period, suggested that physical activity may increase
further after 12 compared to 6 months[31]. This study, however,
was peformed in a primary care setting and used
non-Web-based digital intervention methods such asface-to-face
counseling. Evidence for long-term effectiveness of Web
interventions is therefore required.

Our study population consisted of highly educated and motivated
participants, which may hamper the generalizability of our
results. Future study should assess the effects of Web-based
interventions in elderly in a primary care setting using a
population that better represents the general population. A
drawback of the present study was that we did not record any
dietary behaviors. It is possible that changesin diet account for
a proportion of the observed beneficial effects on metabolic
health. On one hand, it would be interesting to study which
dietary changes are associated with increasing metabolic health,
and insight in such behavior could increase the potentia to
increase effectiveness of such the intervention by specific
coaching on this subject. On the other hand, apotential implicit
rolefor dietary factorsin the observed effect in the present study
does not mitigate the relevance of these results. Another
drawback is the fact that we did not have data on longer term
follow-up.

The main strength of our study was the use of objectively
measured daily physical activity. The majority of studies
directed at increasing physical activity used self-reported
physical activity measures, which could have resulted in an
overestimation of the effect size. More recent studies used
pedometers, which are unable to assess all types of physical
activity and to give direct feedback to the wearer. With the use
of tri-axial accelerometers, outcome assessment was blinded
for participants as well as for study physicians and nurses.
Another strength of the study was the use of a home-based
intervention. This minimized the need for face-to-face contact
and subsequently may have explained thelow drop-out rate and
high adherence to the intervention [6].

Conclusions

Our results show that using a Web-based intervention in older
inactive people at risk for metabolic disease increases daily
physical activity and improves metabolic health after 3 months.
High retention rates in the intervention group were found,
indicating that this Web-based intervention wasfeasiblefor use
in an older population. Our findings show the large potential of
Web-based interventionsfor large scale prevention of metabolic
deregulation in arapidly aging population.
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Abstract

Background: Seasona variations in smoking and quitting behaviors have been documented, with many smokers seeking
cessation assistance around the start of the New Year. What remains unknown is whether smokers who are recruited to cessation
treatment trialsduring the New Year are as motivated to quit, or aslikely to enroll in aresearch trial, adhere to aresearch protocol,
and benefit from a cessation intervention compared to those who are recruited during other times of the year.

Objective: The objective of this study was to determine whether smokers recruited during the New Year period differ on
measures of motivation and desire to quit, recruitment and retention rates, website utilization rates, and short-term cessation
outcomes compared to smokers recruited at other times.

Methods: Participants were current smokers who had registered on a free Web-based cessation program (BecomeAnEX.org)
and were invited to participate in a clinical trial. The New Year period was defined according to a clear peak and drop in the
proportion of visitors who registered on the site, spanning a 15-day period from December 26, 2012 to January 9, 2013. Two
other 15-day recruitment periods during summer (July 18, 2012 to August 1, 2012) and fall (November 7, 2012 to November 21,
2012) were selected for comparison. Data were examined from 3 sources. (1) a Web-based clinical trials management system
that automated the recruitment and enrollment process, (2) self-report assessments at baseline and 3 months postrandomi zation,
and (3) online tracking software that recorded website utilization during the first 3 months of the trial.

Results: Visitorsto BecomeAnEX during the New Year period were more likely to register on the site than smokers who visited
during summer or fall (conversion rates: 7.4%, 4.6%, 4.9%, respectively; P<.001), but there were no differencesin rates of study
acceptance, consent, randomization, 3-month follow-up survey completion, or cessation between the 3 periods. New Year
participants were older, more educated, more likely to be employed full time, and more likely to have a relationship partner
compared with participants recruited at other times during the year, but did not differ on measures of motivation and desire to
quit.

Conclusions: Smokers visiting a Web-based cessation program during the New Year period were more likely to register for
treatment and differ on several demographic variables, but showed similar patterns of treatment engagement, retention, follow-up,
and short-term cessation outcomes compared with participants who visited the site during other periods of the year. These results
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allay scientific concerns about recruiting participants during this time frame and are reassuring for researchers conducting

Web-based cessation trials.

Trial Registration:
WebCite at http://www.webcitation.org/6KjhmA SQu).

(J Med Internet Res 2013;15(11):€249) doi:10.2196/jmir.2880

KEYWORDS

ClinicalTrials.gov ID: NCT01544153; http://clinicaltrias.gov/ct2/show/NCT01544153 (Archived by

seasonal variation; smoking cessation; Internet; research subject recruitment

Introduction

Seasonal variations across a number of smoking and quitting
behaviors have been documented. Most smokersexpressadesire
to quit [1] and many make a quit attempt around the start of the
New Year [2-6]. Reports have shown that sales of cigarettesare
at their lowest during January and February [7,8] and sales of
nicotine replacement therapies are at their highest January
through March [9]. Seasonal variations in motivational stage
of change among callers to a state quitline have aso been
documented [10] with callers in December and January being
more likely to have recently quit than callers during other
months. Internet search queries also provide evidence of the
seasonal variations in smoking cessation, with clear peaks
observed in the use of “quit smoking” as a search term at the
beginning of each calendar year. Figure 1 shows the relative
use of the search term “quit smoking” in Google search engine
gueries over 6 yearsin the United States as reported by Google
Trends [11], the public database of Google queries.

A greater number of smokers quitting around the New Year
may mean a greater pool of potential research participants for
smoking cessation trials. However, the effects of seasonality
on research recruitment and retention have not been documented.
Specifically, it is unknown whether smokers who are invited to
cessation treatment trialsduring thisperiod of timeareaslikely
to enrall, to adhere to aresearch protocol, and to benefit from
a cessation intervention. Smokers who elect to quit around the
New Year may differ from those who quit during other times
of the year on factors such as motivation, desire, confidence,
or other factors that relate to trial participation, engagement,
and cessation outcomes.

These areimportant questionsto addressfrom both apragmatic
and a scientific standpoint. From a pragmatic standpoint,

http://www.jmir.org/2013/11/e249/

conducting trial recruitment during the New Year holiday may
have staffing and cost considerations for all aspects of atrial.
Research staff may be needed to field study inquiries, conduct
digibility screening, administer assessments, and manage study
communications; intervention staff may be required to orient
new participants to the trial and begin intervention delivery.
Given the potential for higher recruitment volume during this
period, staffing increases may be required. From a scientific
standpoint, if participants enrolled during this time are less
likely to adhere to research protocol (ie, lower rates of
intervention adherence, lower retention at follow-up) because
of a more transient commitment to quitting, this could have
important implicationsfor treatment trials. Lower retention rates
(ie, higher lossto follow-up) would result in ahigher proportion
of participants counted as smokersinintention-to-treat analyses,
which may artificially deflate overall abstinence rates and
perceived effectiveness of an intervention. Lower rates of
intervention adherence among participants recruited during the
New Year could influence metrics of intervention feasibility
and receptivity as well as cessation outcomes.

We sought to examine these questions about the impact of
seasonality on smoking cessation treatment trialsin the context
of an ongoing randomized trial of a Web-based cessation
intervention. We extracted a subset of participants recruited
during a 15-day window that spanned the 2013 New Year and
compared them to participants recruited during 2 other 15-day
periods in 2012 on recruitment and retention rates, baseline
characteristics, website utilization, and cessation outcomes. Our
apriori hypotheseswerethat New Year participantswould differ
on baseline measures of motivation and desireto quit consistent
with amore transient commitment to quitting, and would have
lower recruitment and retention rates, lower website utilization
rates, and poorer cessation outcomes compared to participants
enrolled during other periods.
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Figure 1. Use of search term “quit smoking” in Google search engine queries relative to the total number of Google searches between June 2007 and

June 2013 in the United States as reported in Google Trends.

Web Search interest: quit smoking. United States, Jun 2007 - Jun 2013. I:l -

Interest over time

The number 100 represents the peak search interest

(@
January 2008

B quit smoking: 100
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Methods

Study Overview

The full study protocol has been published elsewhere [12].
Briefly, this is an ongoing Web-based randomized trial to
comparethe efficacy of an interactive, evidence-based, smoking
cessation website alone and in conjunction with (1) a
theory-driven, empirically informed social network intervention
designed to integrate participants into an online community,
and (2) accessto afree supply of nicotine replacement therapy
(NRT) products. The study uses a 2x2 factoria design to
compare the following treatment conditions: (1) website, (2)
website+socia network intervention, (3) website+NRT, and (4)
websitetsocial network intervention+NRT. A total of 4000
participants will be randomized by the end of the study.
Follow-up assessments are administered at 3- and 9-months
postrandomization; 30-day point prevalence abstinence is the
primary outcome of the parent trial. Study eligibility criteria
are current smoking, age 18 years or older, and US residence.
Exclusion criteria are contraindications to NRT (pregnant or
breastfeeding, recent cardiac problems, current NRT use).
Randomization is stratified by gender and baseline motivation.

Recruitment

The study is conducted within BecomeAnEX.org, a free,
publicly available, evidence-based intervention developed in
accordance with the 2008 US Department of Health and Human
Service's Clinical Practice Guidelines [13]. The site was
developed by Legacy, a honprofit organization that develops
smoking prevention and cessation programs, in collaboration
with the Mayo Clinic Nicotine Dependence Center [14]. A
national multichannel mediacampaign that included television,
radio, and outdoor and online advertising waslaunched in 2008
to promote the website[ 15]. The present implementation of this
campaign relies on variousforms of online advertising, including
social media, search engine marketing, and large targeted ad
networks for display advertising. Search engine advertising

http://www.jmir.org/2013/11/e249/
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targets keywords related to BecomeAnEX (eg, quit smoking,
stop smoking) and display advertising targets males and females
aged between 25 and 54 years.

Participants are recruited to the trial immediately following
registration on BecomeAnEX. The entire recruitment and
enrollment process is automated using a Web-based clinical
trials management system. Individuals that indicate current
smoking (every day/some days) during registration are invited
to the study. Interested individuals complete online eligibility
screening; eligibleindividuals provide online informed consent
and contact information, including an email addressthat isused
to send alink to the online baseline assessment. Participants
are randomized to treatment upon completion of the baseline
survey. No incentive is provided for enrollment in the study.
Recruitment volume is capped at a maximum of 10 new
participants per day to ensure a manageable workload for
intervention and research staff throughout the study period.
Once 10 individuals are randomized, no new registered users
areinvited for the remainder of the 24-hour period. Recruitment
beganin March 2012. Asof October 30, 2013, 3602 participants
have been randomized.

We defined the New Year period based on aclear peak and drop
in the number of individuals that registered on BecomeAnEX
between December 1, 2012 and January 31, 2013. The average
conversion rate of unique visitors to registrants each day from
December 1 through December 25 was approximately 4.7%.
This proportion increased almost 2-fold on December 26, 2012
to 8.2% and stayed elevated through January 9, 2013, at an
average daily conversion rate of 7.4%. Thus, we selected this
15-day period as our New Year period. For comparison, we
selected 2 other 15-day periodsduring the year based on several
criteria (1) similar marketing and promotion approach, (2)
variations in season (ie, summer, fal), (3) same span of days
of theweek (Wednesday to Wednesday), and (4) roughly similar
number of participants randomized during the designated time
period. Based on these factors, 2 separate 15-day periods were
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selected for comparison: 1 during the summer (July 18, 2012
to August 1, 2012) and 1 during the fall (November 7, 2012 to
November 21, 2012). We deliberately selected the fall period
toinclude another popular quitting holiday, the American Cancer
Society’s Great American Smokeout, which falls on the third
Thursday of November (November 15, 2012). Inclusion of this
time frame enabled us to compare participants enrolling during
the New Year to participants potentially enrolling in response
to another seasonal trigger for cessation.

Interventions

Participants in all 4 treatment groups had full access to the
BecomeAnEX website which provides assistance setting a quit
date, assessment of motivation and nicotine dependence,
problem-solving/skills training to enhance self-efficacy for
quitting, assistance in selecting and using US Food and Drug
Administration (FDA)-approved pharmacotherapies, and social
support through alarge online community [14,15]. Participants
randomized to receive the social network intervention received
proactive communications from established members of the
BecomeAnEX community (integrators). Within 24 hours after
anew participant joined the study, theintegrators posted apublic
message on the new member’s profile page to welcome them
to the site, encourage them to fill out their profile, or comment
on some aspect of an existing profile. Participants randomized
to receive NRT products from the study were mailed a free
4-week supply of the NRT product of their choice (patch, gum,
or lozenge) within 3 days of randomization. The NRT is
provided as an over-the-counter product (ie, with no additional
support or guidance provided) to parallel the experience
participants would have if they purchased NRT on their own.

Data Collection

Data are obtained through 3 sources: (1) a Web-based clinical
trials management system that automated the recruitment and
enrollment process, (2) self-report assessments at baseline, 3-,
and 9-months postrandomization, and (3) online tracking
software that records utilization of BecomeAnEX. Our analyses
of smoking outcomes focus on the 3-month follow-up because
this is typically when treatment utilization and intervention
effects are the strongest. Telephone follow-up by professional
telephoneinterviewers blinded to treatment condition for online
nonrespondersis used to maximize follow-up rates. Participants
are reimbursed via Amazon or PayPal for survey completion
(US $20 for Web survey, US $15 for phone survey). Individual
level tracking metrics of BecomeAnEX utilization are recorded
using Adobe/Omniture SiteCatalyst [16] software.

M easures

Overview

The following measures from the parent trial were examined
for these analyses.

Sociodemographic Variables

Participants reported age, gender, race, ethnicity, marital status,
employment, education, and type of Internet connection.

http://www.jmir.org/2013/11/e249/
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Smoking Variables

At baseline, participants completed the Fagerstrom Test for
Nicotine Dependence (FTND) [17] and aso reported their
confidence and desire to quit smoking (1=not at al, 5=very
much), the current number of cigarettes smoked per day, the
number of quit attempts in the previous year, and motivation
to quit [18].

Psychosocial Variables

The appraisal and belonging subscales of the 12-item
Interpersonal Support Evaluation List (ISEL) [19] were used
to measure perceived availability of social resourcesat baseline.
The appraisal subscale measures the perceived availability of
someoneto talk to about one's problems; the bel onging subscale
assesses the perceived availability of people with whom to
engage in activities. Perceptions of cessation-related social
support are measured at baseline and follow-up with a 6-item
version of the Partner Interaction Questionnaire [20,21] that
assesses receipt of positive behaviors (supportive of cessation)
and negative behaviors (harmful to cessation) from an individual
who has followed the participant’s efforts to quit smoking.

Treatment Adherence

Website utilization during the first 3 months of the study was
extracted from the BecomeAnEX database and included the
following metrics. number of log-ins, minutes spent using the
site during each visit/session, number of pages viewed during
each visit/session, and the number of blog postsread and made.
Website utilization was recorded using Adobe/Omniture
SiteCatalyst. Each page view by aparticipant wasrecorded into
arelational database, and page viewswere grouped into sessions.
The duration of a session was defined as the time elapsed
between the first page view and the last page view in a given
session. If a user did not view a new page for more than 30
minutes, the system marked them as inactive and their next
return visit created a new session. At each follow-up,
participants reported use of NRT and prescription cessation
medications (eg, Chantix, bupropion).

Three-Month Outcome Measures

Smoking outcomes examined in these anayses included
self-reported point prevalence abstinence (30 day and 7 day)
measured at 3 months. We also examined the number of quit
attempts reported at 3 months.

Statistical Analyses

The effects of recruitment phase (New Year, summer, fal) on
recruitment metrics, baseline characteristics, treatment
utilization, and outcome measureswere evaluated via chi-square
tests for proportions or 1-way ANOVA, depending on whether
the metricswere proportions or continuous variables. Significant
omnibus tests were followed by unadjusted pairwise
comparisons. Analyses were conducted on the full sample of
participants recruited in each phase (ie, collapsed across
treatment groups).

JMed Internet Res 2013 | vol. 15 | iss. 11 [e249 | p.37
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Results

Recruitment and Retention by Recruitment Phase

Table 1 shows the Consolidated Standards of Reporting Trials
(CONSORT) metrics of each recruitment phase. We examined
advertising expenditures during the 2 weeks before each
recruitment phase in addition to the recruitment phase itself.
For the New Year, summer, and fall phases, expenditurestotaled
US $57,508, US $48,632, and US $38,374, respectively. The
conversion rate of unique visitorsto new registered usersduring
the New Year period (7.4%) was significantly higher than both
summer (4.6%) and fall (4.9%) periods, summer and fall
conversion rates did not differ. Among new registered users
during the New Year period, 868 were invited to participate in
the study. Of these, 44.1% (383/868) accepted the invitation
and completed eligibility screening; 67.1% (257/383) were
eligible, 93.0% (239/257) consented, and 52.9% of those eligible
(136/257) completed the baseline assessment and were
randomized to treatment. Among the New Year participants,
58.8% (80/136) completed the 3-month follow-up survey. With
the exception of conversion rate, there were no significant
differences between recruitment phases noted for any of the
CONSORT metrics.

Baseline Characteristics by Recruitment Phase

New Year participants differed from participants recruited
during other time periods on age, education, employment, and
marital status (see Table 2). New Year participants were older
(mean 43.2, SD 12.3 vs mean 39.1, SD 13.3; P=.01) and more
likely to be employed full time (58.9%, 79/136 vs 40.6%,
43/106; P=.01) compared to summer participants. New Year

Table 1. Recruitment and retention metrics by recruitment phase.
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participants were more likely to have attended college than both
summer and fall participants (New Year: 80.9%, 110/136;
summer: 66.0%, 70/106; fall: 68.7%, 68/99; P=.02). Both New
Year and summer participants were more likely to have a
spouse/partner compared to fall participants (New Year: 63.2%,
86/136; summer: 65.1%, 69/106; fall: 47.5%, 47/99; P=.02).
Summer and fall participants differed on Internet access
(P=.004), but were not different from New Year enrollees.

Treatment Utilization Metrics by Recruitment Phase

Among the various utilization metrics we examined (Table 3),
only the number of total Web pages viewed differed significantly
between the 3 groups of participants. page views was higher
among New Year participants (median 57, IQR 20-57) than
both summer (median 29, IQR 13-59; P=.002) and fall enrollees
(median 36, IQR 19-69; P=.004). Summer and fall participants
did not differ on page views.

Smoking Outcomes by Time of Enrollment

There were no significant differences in any of the smoking
outcomes we examined by recruitment phase. Using
intention-to-treat analyses, 30-day point preval ence abstinence
was 11.8% (16/136), 15.1% (16/106), and 17.2% (17/99), and
7-day point prevalence abstinence was 16.2% (22/136), 18.9%
(20/106), and 22.2% (22/99) for New Year, summer, and fall
participants, respectively. Using responder-only anaysis, 30-day
point prevalence abstinence was 20% (16/79), 23% (16/68),
and 32% (17/53), and 7-day point prevalence abstinence was
28% (22/79), 29% (20/68), and 41% (22/53) for New Year,
summer, and fal participants, respectively. There was no
difference in the number of quit attempts reported by the 3
groups at the 3-month follow-up (Table 4).

Recruitment and retention metrics New Year Summer Fall P value
Total advertising expenditure (US $) 57,508 48,632 38,374 —
Unique visitors, n 32,853 30,605 22,017 —
New registered users, n 2424 1404 1079 —
Conversion rate, % 7.4 4.6 4.9 .001
Invited to study, n 868 792 594 —
Accepted invitation, n (% of invited to study) 383 (44.1) 325 (41.0) 270 (45.5) 21
Eligible, n (% of accepted invitation) 257 (67.1) 218 (67.1) 186 (68.9) .88
Consented, n (% of eligible) 239 (93.0) 205 (94.0) 176 (94.6) 77
Randomized, n (% of eligible) 136 (52.9) 106 (48.6) 99 (53.2) 79
Completed 3-month follow-up, n (% randomized) 80 (58.8) 69 (65.1) 54 (54.5) .30
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Table 2. Baseline characteristics by recruitment phase.

Baseline characteristics New Year Summer Fall P value
n=136 n=106 n=99

Demographic variables

Age (years), mean (SD) 432 (12.3) 39.1(13.3) 40.6 (13.1) .02
Sex (female), n (%) 97 (71.3) 76 (71.7) 68 (68.7) 87
Race, n (%) .78
Non-white 22(16.2) 14 (13.2) 16 (16.2)
White 114 (83.8) 92 (86.8) 83(83.9)
Ethnicity (Hispanic), n (%) 8(5.9) 3(2.8) 3(3.0) 45
Education, n (%) .02
High school or less 26 (19.1) 36 (34.0) 31(31.3)
Some college or more 110 (80.9) 70 (66.0) 68 (68.7)
Employment status, n (%) .02
Full time 79 (58.9) 43 (40.6) 52 (52.5)
Not full time 57 (41.9) 63 (59.4) 47 (47.4)
Marital status, n (%) .02
Partner 86 (63.2) 69 (65.1) 47 (47.5)
No partner 50 (36.8) 37 (34.9) 52 (52.5)
Smoking variables
Cigarettes per day, mean (SD) 17.3(8.1) 16.4 (7.6) 16.2 (8.3) .54
Motivation to quit, @ n (%) 58
Next 30 days 116 (85.9) 87(82.1) 86 (87.9)
Next 6 months 19 (14.1) 19 (17.9) 13 (13.1)
Desire to quit, mean (SD) 4.6 (0.6) 4.6 (0.6) 4.6 (0.6) .94
Confidence in quitting, mean (SD) 3.3(1.0) 3.3(1.0) 34(1.2) .81
Quit attempts past year, mean (SD) 2.4 (3.0 1.8(2.6) 2.6(3.3) .10
FTND,? mean (SD) 5.6 (2.2) 5.2 (2.2) 5.0 (2.1) .08

Psychosocial variables
Partner Interaction Questionnaire, mean (SD)
Positive subscale 9.1(2.9) 9.8(2.3) 9.3(3.0) 52
Negative subscale 6.8 (4.2 59(4.1) 7.1(4.0) .25

ISEL, ¢ mean (SD)

Appraisal subscale 8.2(3.4) 8.1(3.1) 8.4 (3.3) 77

Belonging subscale 7.8(2.9) 7931 8.4(3.0) .29
I nternet access, dn (%) .02

High speed/broadband 108 (80.0) 92 (88.5) 72 (72.7)

Mobile device 27 (20.0) 12 (11.5) 27 (27.3)

@Vl otivation to quit excluded 1 participant who reported no plans to quit smoking in New Year group.

ETND: Fagerstrom Test for Nicotine Dependence.

CISEL: Interpersonal Support Evaluation List.

Yinternet access: n=3 cases dropped that reported using a dial-up connection (summer: n=2; New Year: n=1; fall: n=0).
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Table 3. Treatment utilization metrics by recruitment phase.
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Treatment utilization metrics New Year Summer Fall P value
n=136 n=106 n=99
Log-ins, median (IQR)? 2(1-9 2(1-9 2(1-5) .63
Return visits, n (%) 73
None 50 (36.8) 48 (45.3) 42 (42.4)
1 28 (20.6) 18 (17.0) 17 (17.2)
>2 58 (42.6) 40 (37.7) 40 (40.4)
Time on site, median (IQR) 41 (20.5-86) 29 (13-59) 40 (16.5-64) 11
Page views, median (IQR) 57 (20-57) 29 (13-59) 36 (19-69) .02
Blogsread, n (%) 71
None 95 (69.9) 72 (67.9) 71(71.7)
1 9(6.6) 12 (11.3) 9(9.1)
>2 32(23.5) 22(20.8) 19 (19.2)
Blog posts, n (%) 45
None 117 (86.0) 95 (89.6) 89 (89.9)
1 3(2.2) 4(3.8) 4(4.0)
=2 16 (11.8) 7(6.6) 6(6.1)
Any NRT use (yes), n (%) 48 (60.0) 37 (53.6) 36 (66.7) 34
812 missing values (New Year: n=7; summer: n=3; fall: n=2).
Table 4. Smoking outcomes by recruitment phase.
Smoking outcomes New Year Summer Fall P value
30-day point prevalence abstinence, n (%)
Intention-to-treat 16 (11.8) 16 (15.1) 17 (17.2) 33
Responder only 16 (20.0) 16 (23.2) 17 (31.5) 31
7-day point prevalence abstinence, n (%)
I ntention-to-treat 22 (16.2) 20 (18.9) 22 (22.2) .27
Responder only 22 (27.5) 20 (29.0) 22 (40.7) 23
Quit attempts, mean (SD) 3.3(4.1) 4.3 (8.6) 3.7(4.7) .58

Discussion

Principal Findings

The results of this study indicate that smokers visiting a
Web-based cessation program during the New Year period are
more likely to register for treatment and differ on several
demographic variables, but show similar patterns of treatment
engagement, retention, and short-term cessation outcomes
compared with participants who visit the site during other
periods of the year. Our hypotheses that New Year participants
would differ on measures of motivation and desire to quit were
not supported, and there were no differences on any of the
smoking variables we examined. In addition, our hypotheses
about lower retention rates, website utilization rates, and
cessation outcomes were also not supported. Follow-up rates
were comparable across al 3 periods, and smokers recruited
during the New Year period quit at the same rate as smokers
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recruited at other times during the year. These results mitigate
scientific concerns about recruiting participants during thistime
frame and are reassuring for researchers conducting Web-based
cessation trials.

Our findings that New Year participants were older, more
educated, morelikely to be employed full time, and morelikely
to have a relationship partner may suggest that smokers with
greater resources are more affected by the seasonal trends of
quitting around the New Year. Alternatively, these differences
may be a function of differential message exposure: older
employed individuals may have been morelikely to beimpacted
by the BecomeAnEX online advertising campaign, or reminded
of cessation through workplace wellness programs or other
promotional activities. Although not significant, smokers
recruited during the New Year period also had a higher level
of nicotine dependence and a higher number of previous quit
attempts at baseline, also suggesting that seasonal trends may
serve as a cue to action for more dependent and motivated
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smokers. We do not have an explanation for the finding that
New Year participants viewed more website pages than
participantsin other recruitment phases did, especially because
no other metric of engagement or utilization was significantly
different.

To our knowledge, this is the first study to examine
demographic, utilization, and outcome patterns of smokers
recruited to a Web-based intervention during the New Year
period, although thereisinterest in seasonal patterns of behavior.
Delnevo and colleagues [10] noted seasonal patterns in
motivation for quitting among callersto aquitline and discussed
the implications for planning, promoting, and evaluating
telephone quitlines. Using Internet search query data, Ayers et
al [22] documented seasonality in searches for mental health
information, with increases in information seeking that
corresponded to patterns of seasonal affective disorder. The
lack of previous publications in this area may be because
dramatic increases in recruitment are to some degree unique to
the online environment and Web-based studiesthat are capable
of enrolling alarge number of tria participantsin arelatively
short period of time.

Our findings add to the small but growing literature on
recruitment methods for Web-based tobacco interventions
[23-31]. Most studies to date have focused on comparisons
between online recruitment methods (eg, online banner ads,
search engine advertising) and more traditiona recruitment
methods (eg, newspaper ads, targeted mailings) [24,25,32],
evaluation of different Internet-based methods [28,29], or the
use of offline methods (eg, physician referral) to drive tobacco
usersto Web-based interventions[30,31]. The primary endpoints
of interest in most studies are baseline participant characteristics
and recruitment yield and/or efficiency. Heffner et al [25]
evaluated the impact of Web-based and traditional recruitment
methods on 3-month data retention and 30-day point prevalence
smoking abstinence at the 3-month outcome assessment in a
cessation trial and found no differences by recruitment method.
Our findings regarding the impact of seasonality are consistent
with previous studies that have demonstrated some differences
in the types of participants recruited to Web-based tobacco
interventions, but no differences in their participation in or
outcomes from such trials.
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Limitations

Several limitationsto this study should be noted. We examined
variations in participant characteristics for a single cessation
website as part of an ongoing randomized trial. This site exists
in alarger ecosystem of promotion, advertising, and branding
aspart of the national BecomeAnEX campaign, which hasbeen
in existence since 2008. Our results are likely related to the
specific strategy employed by BecomeAnEX, which islargely
online advertising in its present implementation. Other
advertising and promotional strategies of different Web-based
interventions could yield different results. In addition, our
automated titration of recruitment volume should be noted when
considering the pragmatic implications of our results. Although
the number of visitors to BecomeAnEX was higher during the
New Year period and a higher proportion of them registered to
become members, the number of participants recruited to our
clinical trial during different periods throughout the year has
remained relatively constant because of the daily cap we have
on enrollment. This cap is designed to maintain a consistent
volume of participants for our research and intervention staff
to manage. If this cap were not in place, we may have seen a
higher number of participants invited to the study and
differences in the proportion of participants accepting or
declining the study invitation. This may have important
pragmatic considerations for other Web-based trias that have
human involvement, but we believe this is unlikely to have
affected the other metrics we examined (ie, follow-up rates,
cessation outcomes). The daily cap on recruitment may also
have affected statistical power. Theresponse rateto the 3-month
follow-up is lower than desired despite numerous online and
offline strategies to reach participants, but is comparable to or
higher than other Internet studies [33].

Conclusions

Internet interventions for health behavior change are
characterized by their ability to recruit broadly and provide
treatment at scale. Secular or temporal variations, such as the
New Year holiday, and the associated media attention to
smoking cessation and resolution making can result in
large-scale swings in the number of individuals arriving at
Web-based cessation interventions. For interventions that can
effectively capture and enroll those individuals, seasonal
variations could dramatically increase recruitment efficiency
for clinicdl trias.
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Abstract

Background: Health information technology has become common in the care of patients with chronic diseases; however, there
are few such applications employed in kidney disease.

Objective: The aim of the study was to evaluate the use of awebsite providing disease-specific safety information by patients
with predialysis chronic kidney disease.

Methods: As part of the Safe Kidney Care (SKC) study, an educational website was designed to provide information on safety
concernsin chronic kidney disease. Phase | study participants were provided amedical alert accessory with aunique D number,
the Safe Kidney Care website, and an in-person tutorial on the use of the Internet and accessing the SKC website at baseline.
Participants were asked to visit the website and enter their unique I D as frequently asthey desired over the next 365 days or until
their annual follow-up visit, whichever occurred first. Participants' visits and dwell times on specific safety moduleswere tracked
using embedded webpage PHP scripts linked to a MySQL database, enabling the collection of website usage statistics.

Results: Of 108 Phase | participants, 28.7% (31/108) visited the website from 1-6 times during the observation period (median
follow-up 365 days). Median access time was 7 minutes per visit (range <1-46) and 13 minutes per person (range <1-123). The
three most frequently visited pageswere “ Renal function calculator”, “ Pillsto avoid”, and “ Foods to avoid” . High school education
and frequent Internet use were significantly associated with website entry (P=.02 and P=.03, respectively).

Conclusions: Preliminary results show general interest in a Web-based platform designed to improve patient safety in chronic
kidney disease.

Trial Registration: Clinicaltrials.gov NCT01407367; http://clinicaltrials.gov/show/NCT01407367 (Archived by WebCite at
http://www.webcitation.org/6KvxFKAGM).

(J Med Internet Res 2013;15(11):€251) doi:10.2196/jmir.2848
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Introduction

Health information technology is expected to play a growing
role in medical care delivery over the coming years [1]. The
Internet has become a maor source of educational health
materials for both patients and providers and mobile health
applications are being devel oped for awide variety of diseases
and health conditions [2-7]. For health IT applications to have
abeneficial impact on disease outcomes, they must be designed
to match the predominant technologic proficiency (e-literacy)
of the target population. While the use of computers, the
Internet, and mobile devices continues to rise in the United
States[8,9], many chronic disease populations are not the target
of commercial IT developers. The population with chronic
kidney disease is one such population, as it includes a high
preponderance of individuals who are older, of lower
socioeconomic status, and with lower health literacy [10,11].
Therefore, it is unknown whether health IT tools intended for
chronic kidney disease can be effective.

The Safe Kidney Care (SKC) study was a prospective cohort
designed to gauge adverse safety events in chronic kidney
disease. In Phase | of this study, we set out to evaluate the
acceptance and initial use of a health IT system including a
device designed to increase recognition of chronic kidney
disease (medical alert accessory) and linked to a website. The
medical alert bracelet was devised for the purpose of alerting
patientsand providersof apatient’sdiagnosis of chronic kidney
disease and directing these individuals to a website informing
patients, family members, and providers about the unique patient
safety concerns associated with chronic kidney disease
management. We tracked the incidence of study participants
initial entry into the website over a one-year period and their
prioritization of chronic kidney disease patient safety concerns.

Methods

Study Population

The SKC cohort study (Clinicaltrials.gov NCT 01407367) was
approved by the University of Maryland School of Medicine
Ingtitutional Review Board and Veterans Affairs Maryland
Hedlth Care System Baltimore Research and Development
committee. The primary objective of the SKC cohort study was
to examine the relationship between chronic kidney disease
recognition and patient safety. The objective of Phase | of the
SKC cohort wasto evaluate amedical alert accessory (American
Medical 1D, Houston, TX) noting the participant’s diagnosis of
chronic kidney disease and directing patients and providers to
the Safe Kidney Care website offering information on common
patient safety concerns pertinent to chronic kidney disease. To
beeigiblefor the SKC cohort, participants needed two measures
of rena function with an estimated glomerular filtration rate

(eGFR) of less than 60 mi/min/1.73 m? at least 90 days apart
and no more than 18 months prior to enrollment. Participants
were excluded for Phase | if they were expected to reach
end-stage rena disease or die within one year from enrollment
or if they had skin sensitivity to silver or stainless steel. Primary
sources for recruitment and enrollment were the University of
Maryland Medica System and Batimore Veterans Affairs

http://www.jmir.org/2013/11/e251/
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Medical Center Early Renal Insufficiency disease management
clinics.

Safe Kidney Care (SKC) Cohort Study Procedures

Upon enrollment into the SKC cohort, participants were seen
at baseline and then annually in-center with a 6-month interim
telephone follow-up visit. At the baseline visit, Phase |
participants were provided with afitted medical alert accessory
of their choosing (bracelet or necklace) engraved with the
message: “Decreased kidney function”. For safe care, please
visit the Safe Kidney Care website and a unique study number.
This unique ID number did not contain any personaly
identifiable information. After baseline data collection and
provision of the medical alert accessory, the study coordinator
provided participants with a demonstration and short tutorial
on accessing the Internet and SK C website, whereto enter their
unique ID number, and a tour of the website and its features.
At completion of the tutorial, participants were encouraged to
usethewebsite, along with family membersand providers. They
wereinstructed to enter their unique | D number when accessing
the website's patient portal so that their usage could be tracked,
although this was not required for entrance into the website
(Figure 1).

Safe Kidney Care Website Development

Prior to the commencement of enrollment into the SKC cohort,
an extensive literature review was conducted to identify chronic
kidney disease-pertinent patient safety concerns. Approximately
800 academic and community nephrologists were then invited
to participatein asurvey to prioritize identified candidate patient
safety concerns and to suggest additional potential patient safety
events not previously considered. The feedback by participating
respondents (n=142) wasthen used asthe basisfor devel opment
of the SKC website, which coversthe most commonly identified
chronic kidney disease-specific patient safety concerns along
with other general nephrology educational topics. Theresulting
modules were reviewed by an expert panel convened for the
SKC project with additional modifications made based on their
input. The website contains both a patient and family member
portal, which provides module descriptionsin lay terms, and a
health care provider portal, which uses common medical
terminol ogy.

The resultant SKC website was designed using guidelines for
color and content layout incorporated from the 508 Compliance
and Disabilities Act and heuristic design [12,13]. Emphasiswas
placed on ease of readability, with text written to target a 6"
gradereading level inthe patient portal. The primary placement
of the “ Safety Concerns’ wasin acircular distribution to avoid
theimplication of prioritization of topics. Imageswere designed
to be static because of the anticipated limited access to Adobe
Flash (or other multimediaplatform). The website was designed
to limit the need to scroll; however, on pageswith arequirement
for scrolling, the most important content was placed above the
fold so as to ensure primary focus on the safety content. The
capability to increase text size on every page was installed and
displayed and meaningful, relatableicons were chosen for easy
recognition of content topics (eg, picture of a stethoscope to
represent “What to Tell My Doctor”). A quick-launch side panel,
entitled “Learn More”, included links to pages on the SKC
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website which provide users with basic information about the
function of the kidneys, what is meant by kidney disease,
definition of the glomerular filtration rate (GFR), and aglossary
of commonly used medication terms (eg, “blood pressure”,
“dialysis’, and “nephrologist”). Thewebsite markup and content
were constructed using HTML with embedded functions

Diamantidis et al

programmed using PHP programming language (Version 5.3.5).
The design was conceived with the goal of optimal use on all
Internet portals. Usabhility testing was conducted on a small
representative sample and previously reported [14].
Modifications to the website were instituted based on feedback
from usability participants.

Figure 1. Medical aert accessory and log-in page of Safe Kidney Care website patient portal .
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Safe Kidney Care Website Surveillance

To evaluate the receipt of information designed for the targeted
audience, we tracked activities on the SKC website of each
bracelet | D assigned to study group participants, including page
viewing frequency, browsing time for each page, and feedback.
Due to flexibility and security concerns, our implemented
computer routine was believed to surpass other available online
tracking and analysis services (eg, Google Analytics), as our
own implementation and hosting permitted precise tracking
defined for the study purposes with data stored securely on our
local server.

The website was programmed to track both registered and
anonymous users through PHP scripts embedded in each
webpage. The PHP scripts were linked with a database built on
the MySQL server, to collect and store predefined website usage
statistics. For each distinct participant log-in or anonymous
guest visit, a unique session number was assigned to label all
actions during the visit until the session expired or the visitor
started anew session. Medical aert accessory unique D, session
number, log-in time, and | P address were recorded into a table
for each independent visit. During a session, each click of an
internal or external link was captured and a unique record was
generated, including session number, page/link entry time, and
page/link 1D. With this information, it was possible to recreate
the visiting pathway for each visit, to count total pagesread in
each session, and to calculate other pertinent statistics such as
frequency of each page visited in each session, or humber of
visitsfrom aregistered user. It isgenerally difficult to determine
the time when a visitor leaves a page because the visitor may
leave the computer for an interruption and return after some
time; hence, it was not possible to ascertain precisely how long

http://www.jmir.org/2013/11/e251/
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avisitor focused on the content of the webpages. Nevertheless,
the dwelling time for each page was estimated, under the
assumption that a visitor would not spend an extended time on
asingle page but would continue to browse different pages. At
the same time, aminimum length of time must also be spent on
each page to conduct effective reading. Therefore, an effective
dwelling length on a page was counted if the time difference
between two distinct webpage entry times (within the same
session) was longer than 5 seconds and less than 10 minutes.

Outcomes

The primary outcome in this analysis was the first entry into
the SKC website with input of a unique ID number by SKC
study participants at any time following completion of their
baseline SKC visit until their first annual follow-up visit or 365
days of observation, whichever occurred first. Access of the
health care provider portal was not analyzed for the purpose of
this study. The number of days from baseline SKC visit was
recorded, as was the length of dwell time on the website and
on selected modules. Modules were ranked by frequency of
selection if selected at least once during the participant’sinitial
visit on the website.

Covariates

Additional factors measured at baseline SKC visit and included
inthe analysiswere demographic characteristics, socioeconomic
status, education, health literacy and numeracy [15], and ease
and frequency of use of the Internet. Baseline serum creatinine
was measured and used to estimate the GFR with the abbreviated
Modified Diet in Renal Disease equation [16].
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Statistical M ethods

For descriptive analyses, continuous variables were presented
with mean and standard error (SE) and Student’s t test for
comparison across groups. Binomial and categorical variables
were expressed as N (%) with comparisons made with the
chi-square test. Stepwiselogistic regression was used to examine
factors that predict incident registration into the SKC website.
All factorswere used in aforward stepwiseinclusion procedure
with retention of only those factors with significance of P<.05.

Results

Enrollment commenced for Phase | of the SKC cohort on April
15, 2011 and thelast of 108 participants completed the baseline
visit on January 23, 2012. A medical alert bracel et was selected
by 55 (50.9%, 55/108) of participants with 53 (49.1%, 53/108)
choosing the medical alert necklace. The median observation
time was 365 days (range 305-365). Table 1 shows the
demographic and baseline characteristics of al participants.
Mean age of SKC participants was 64 years (SD 11) with a

mean estimated GFR of 42 ml/min/1.73m? (SD 14). Of note,
10 enrolled participants were estimated to have eGFRs >60

ml/min/1.73? at their baseline visit, despite two screening eGFRs

Figure2. Cumulative incidence of Safe Kidney Care website log-in.

Diamantidis et al

that fit enrollment criteria of eGFR <60 ml/min/1.73m?. The
majority of participantswere black, unmarried, with ahousehold
income of < US$50,000 annually (72.2%, 78/108; 55.6%,
60/108; and 68.5%, 74/108, respectively). While 86.1% of
participants (93/108) reported availability of computer access,
45.4% (49/108) estimated their Internet usageto belessfrequent
than weekly or daily.

Figure 2 shows the results of the SKC website usage at the end
of observation for all participants. To date, 28.7% (31/108) of
participants visited the website since study enrollment amedian
of 1time (range 1-6). Median SK C website accesstime per visit
was 7 minutes (range <1-46). Median cumul ative SK C website
access time per person was 13 minutes (range <1-123) with a
cumulative access time by all 31 participants of 669 minutes.
The three most frequently visited pages were “Renal function
calculator”, “Pillsto avoid”, and “Foods to avoid” (Table 2).

The adjusted proportion of individualswith SKC websitelog-in
by baseline characteristic is shown in Table 3. After stepwise
logistic analysis, pertinent and significant factors predictive of
incident use of the SK C website were high school diploma(OR
3.22, 95% CIl 1.18-8.81) and frequent use of the Internet (OR
3.31, 95% Cl 1.13-9.72), P=.02 and P=.02, respectively.

0.35 -

03 -

0.25 -

02 -

0.15 -

0.1

Cummulative proportion visiting SKC website

0.05 -

0 - . . ‘

0 50 100 150

Time from baseline SKC cohort visit to website visit in days

200 250 300 350 400

http://www.jmir.org/2013/11/e251/

RenderX

JMed Internet Res 2013 | vol. 15 | iss. 11 |e251 | p.47
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Diamantidis et al

Table 1. Safe Kidney Care participants’ baseline demographics.

Baseline characteristic n (%)
Age

<50 10(9)

51-64 46 (43)

65+ 52 (48)
Gender

Male 70 (65)

Female 38 (35)
Race/ethnicity

Black 78(72)

Non-black 30 (28)
Annual household income @

<$50,000 74 (69)

>$50,000 34(31)
Education

<High school diploma 51 (47)

>High school diploma 57 (53)
Marital status

Not currently married 60 (56)

Currently married 48 (44)
Employment status

Not employed full-time 96 (89)

Employed full-time 12 (11)
Baseline estimated glomerular filtration rate (mL/min/1.73m 2 ) b

Stage 2 (=60) 10 (9)

Stage 3a (45-59) 33(31)

Stage 3b (30-44) 47 (44)

Stage 4 or 5 (<30) 18 (17)
Health literacy ©

Marginal/inadequate (TOFHLA<67) 32(30)

Adequate (TOFHLA=67) 76 (70)
Computer accessavailable

No 15 (14)

Yes 93 (86)
Internet use

Rarely/never 49 (45)

Often 59 (55)

3Five participants declined to answer income status.
PTen participants had bassline estimated glomerular filtration rates (€GFR) =60 mL/min/1.73m? despite qualifying screening eGFRs of <60 mL/min/1.73m?.

CSeven participants were unable to complete the abbreviated Test of Functional Health Literacy Assessment (TOFHLA) due to conditions such as
blindness.
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Table 2. Most frequently visited SKC webpages.

Webpage title Total visits ~ Cumulative time (minutes) Average time per visit (minutes)
Kidney Function (GFR) calculator 36 50 1
Pillsto avoid 34 55 2
Foods to avoid 25 64 3
What to keep in mind about the “good” kidney drugs 17 58 3
When you need a specia type of x-ray or other radiologic test... 17 28 2
What is glomerular filtration rate? 16 34 2
When to worry about your fluid intake 12 37 3
What is urine protein? 12 20 2
Frequently asked questions 10 33 3
Take our survey 10 28 3
What is chronic kidney disease (CKD) or weak kidneys? 10 26 3
If you have diabetes... 10 21 2
About the Safe Kidney Care website 10 19 2
What to tell my doctor, nurse, or pharmacist 10 17 2
http://www.jmir.org/2013/11/e251/ JMed Internet Res 2013 | vol. 15 | iss. 11 [e251 | p.49
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Table 3. Predictors of Safe Kidney Care website log-in.

Baseline characteristic Unadjusted proportion Adjusted proportion
(95% ClI)
Age
<50 30 Reference (ref)
51-64 28 47 (13-84)
65+ 29 47 (13-84)
Gender
Mae 27 ref
Female 32 43 (20-69)

Race/ethnicity
Black 24 ref
Non-black 40 31(11-61)

Annual household income

<$50,000 20 ref

>$50,000 a7 40 (18-68)
Education

<High school diploma 14 ref

>High school diploma 42 28 (11-55)
Marital Status

Not currently married 23 ref

Currently married 35 20 (8-44)

Employment status
Not employed full-time 26 ref
Employed full-time 50 28 (8-65)

Baseline estimated glomerular filtration rate (mL/min/1.73m 2 )b

Stage 2 (=60) 30 ref

Stage 3a (45-59) 33 31(7-72)

Stage 3b (30-44) 32 27 (6-68)

Stage 4 or 5 (<30) 11 9 (1-48)
Health literacy ©

Marginal/inadequate (TOFHLA<67) 22 ref

Adequate (TOFHLA=67) 32 13 (4-36)
Computer accessavailable

No 7 ref

Yes 32 9(1-52)
Internet use

Rarely/never 12 ref

Often 43 36 (12-68)

8Five participants declined to answer income status.
PTen participants had bassline estimated glomerular filtration rates (€GFR) =60 mL/min/1.73m? despite qualifying screening eGFRs of <60 mL/min/1.73m?.

CSeven participants were unable to complete the abbreviated Test of Functional Health Literacy Assessment (TOFHLA) due to conditions such as
blindness.
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Discussion

Principal Findings

In this study, we have described the longitudinal access and
usage of a Web-based reference on the unique concerns of
patient safety in chronic kidney disease based on the provision
of amedical alert accessory with auniqueidentifier and prompt
for website use. The study evaluates the alignment of a
commonly used medical aert device, designed to enhance
awareness of chronic kidney disease, with a health IT portal
offering disease-pertinent information to the target population.
Theresults offer an assessment on the likelihood that individua s
with chronic kidney disease and their family members will
utilize this alert system intended to increase disease avareness
and improve patient safety. The findings suggest a substantial
proportion of the SKC Phase | sample, designed to be
representative of the chronic kidney disease population, were
capable and motivated to access the website to view the
developed patient safety modules. The results reveal the
population’s prioritization of safety concerns specific to chronic
kidney disease. Moreover, the report on dwell time provides
indication of the importance users placed on the content.

Several reports show that patients with chronic disease who are
empowered with IT tools for monitoring, training, and
self-management have improved outcomes[2-7], yet few prior
investigations eval uate the usage of these applicationsin general
or those specifically designed for the chronic kidney disease
population. While online educational materials designed to
promote patient education and community awareness of kidney
disease are available via high-quality programs such as the
National Kidney Disease Education Program [17] and the
National Kidney Foundation [18], the use of these materials by
the target population remains unknown. Our study isuniquein
itsdemonstration of the feasibility of acceptance and utilization
of a hybrid system combining a longstanding physical device
(avariant of which has been most commonly utilized in kidney
disease to preserve potential vascular access sites) [19] with its
value enhanced by a usability-tested health IT portal [14]
providing extensive information relevant to the chronic kidney
disease population.

Introduction of online tools does not guarantee their usage by
the target population and the results from this study support
prior examinationsthat estimate use of onlinetoolsto be highly
variable. Our findings align with studies in other chronic
diseases, which reveal inconsistency in website use, but
self-reported or measured use has been noted to range from
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approximately 10-40% of those queried [20-22]. Adultsin the
United States living with chronic disease are significantly less
likely than healthy adults to have access to the Internet (62%
vs 81%), but once online, those with chronic disease are more
likely to use social media and online tools to share information
and obtain support from their peers [23]. Individuals with
chronic disease till report an overwhelming preference to
receive health-rel ated education and advice from a professional
source such as a health care provider [24], which emphasizes
the role of the Internet as an accessory to, rather than a
replacement for, quality provider-patient interactions. Theresults
presented here suggest information needs in the areas most
frequently visited on the website, even for face-to-face
encounters.

Limitations

The study presented has limitations related to the descriptive
nature of the results, which may limit generalizability. While
approximately 30% of participants visited the SKC website,
70% did not, which is an important finding. These individuals
who did not access the website were not specifically asked to
comment on reasons for their lack of participation (eg, lack of
interest rather than access), which may not be captured in the
demographic evaluation of computer and Internet access, but
likely is highly relevant to future work using health IT
applicationsin chronic kidney disease. The use of nephrologists
only inidentifying specific areas of safety concernsin chronic
kidney disease was limited in that it did not include advanced
practitioners or primary care providers, who play important
rolesin caring for individuals with chronic kidney disease and
undoubtedly would have added value to the content. Further,
we did not incorporate patients in the initial design of the
website; however, usability testing was performed with such a
population using an iterative process used to finalize the SKC
website [14]. Finaly, the relatively short follow-up of
participants does not allow usto yet comment on the impact of
the conjoined alert accessory and website resource on patient
safety outcomesin chronic kidney disease.

Conclusions

Patient safety is a significant problem in kidney disease and
online education tools such as the SKC website may serve as
platform to educate individuals with chronic kidney disease
about potential hazards related to their condition. Further
examination is needed to assess individuals long-term
utilization and dissemination of such materials and the impact
of such resourcesin preventing safety eventsin chronic kidney
disease.
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Abstract

Background: Patients with knee and/or hip osteoarthritis (OA) are less physically active than the general population, while the
benefits of physical activity (PA) have been well documented. Based on the behavioral graded activity treatment, we devel oped
a Web-based intervention to improve PA levels in patients with knee and/or hip OA, entitled “Join2move’. The Join2move
intervention is a self-paced 9-week PA program in which the patient’s favorite recreational activity is gradually increased in a
time-contingent way.

Objective: The aim of the study was to investigate whether afully automated Web-based PA intervention in patients with knee
and/or hip OA would result in improved levels of PA, physical function, and self-perceived effect compared with a waiting list
control group.

Methods: The study design was a two-armed randomized controlled trial which was not blinded. Volunteers were recruited via
articlesin newspapersand health-related websites. Eligibility criteriafor participantswere: (1) aged 50-75 years, (2) self-reported
knee and/or hip OA, (3) self-reported inactivity (30 minutes of moderate PA, 5 times or less per week), (4) no face-to-face
consultation with a health care provider other than general practitioners, for OA in the last 6 months, (5) ability to access the
Internet weekly, and (6) no contra-indications to exercise without supervision. Baseline, 3-month, and 12-month follow-up data
were collected through online questionnaires. Primary outcomes were PA, physical function, and self-perceived effect. In a
subgroup of participants, PA was measured objectively using accel erometers. Secondary outcomes were pain, fatigue, anxiety,
depression, symptoms, quality of life, self-efficacy, pain coping, and locus of control.

Results. Of the 581 interested respondents, 199 eligible participants were randomly assigned to the intervention (n=100) or
waiting list control group (n=99). Response rates of questionnaires were 84.4% (168/199) after 3 months and 75.4% (150/199)
after 12 months. In this study, 94.0% (94/100) of participants actually started the program, and 46.0% (46/100) reached the
adherence threshold of 6 out of 9 modules completed. At 3 months, participantsin the intervention group reported a significantly
improved physical function status (difference=6.5 points, 95% Cl 1.8-11.2) and a positive self-perceived effect (OR 10.7, 95%
Cl 4.3-26.4) compared with the control group. No effect was found for self-reported PA. After 12 months, the intervention group
showed higher levels of subjective (difference=21.2 points, 95% Cl 3.6-38.9) and objective PA (difference=24 minutes, 95% ClI
0.5-46.8) compared with the control group. After 12 months, no effect was found for physical function (difference=5 points, 95%
Cl -1.0 to 11.0) and self-perceived effect (OR 1.2, 95% Cl 0.6-2.4). For several secondary endpoints, the intervention group
demonstrated improvements in favor of the intervention group.
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Conclusions:  Join2move resulted in changes in the desired direction for several primary and secondary outcomes. Given the
benefits and its self-help format, Join2move could be a component in the effort to enhance PA in sedentary patients with knee
and/or hip OA.

Trial Registration: The Netherlands National Trial Register: NTR2483;
http://www.tria register.nl/trial reg/admin/rctview.asp?TC=2483 (Archived by WebCite at http://www.webcitation.org/67NgS6Beq).

(J Med Internet Res 2013;15(11):€257) doi:10.2196/jmir.2662

KEYWORDS

physical activity; osteoarthritis, Web-based intervention; randomized controlled trial

Introduction

It has been recognized that regular physical activity (PA)
positively impacts the severity and course of numerous chronic
diseases [1,2]. Among patients with knee and/or hip
osteoarthritis (OA), regular PA has proven to be beneficial in
preserving physical function and reducing pain symptoms|[3,4].
Improvement in physical function and reduction in pain are
positively related to several psychological factors and thus may
affect self-esteem, pain coping, and self-efficacy in patients
with knee and/or hip OA [5,6]. However, due to pain and other
symptoms, patients with OA areless physically active than the
general population [7,8]. Therefore, PA asanonpharmacological
intervention has been advocated in the treatment of OA patients
[9].

Since OA is mainly managed within primary care, general
practitioners (GPs) are advised to stimulate patients to adopt
and maintain higher levels of PA. In practice, however, aGP's
ability to encourage physical exercise is limited by time
constraints and lack of standard protocols[10-12]. At the same
time, itisunlikely that patients with knee and/or hip OA receive
help elsewhere, since patients are not referred to other health
care professionals [13] and because people often view their
peripheral joint pain as an inevitable part of aging [14].
Numerous patients lack knowledge and skills to modify their
PA routines and have negative concerns (eg, fear of pain and
catastrophizing thoughts) about theimpact of PA ontheir joints
[15,16].

In an attempt to promote a more physically active lifestyle
among patients with knee and/or hip OA, effective PA
interventions are needed. With the explosion of Internet
accessibility, Web-based interventions seem to provide a novel
medium to reach patients with knee and/or hip OA; 61% of
Europeans and 79% of North Americans have Internet access
[17]. In the Netherlands, 95% of adults (55-65 years) and 75%
of older adults (65-75 years) have access to Internet in their
home [18]. Web-based interventions are applications available
through a website with the intent to enhance understanding of
a health condition and to change health behavior. In particular,
Web-based interventions with minimal human contact have the
potential of high reach, low costs, and are accessible anytime
and anywhere [19]. Previous Web-based interventions for
inactive populations and patients with a chronic disease (eg,
diabetes, cardiovascular diseases, and chronic obstructive
pulmonary disease) have produced inconclusive findings
[20-22].

http://www.jmir.org/2013/11/e257/

To date, there are no Web-based PA interventions for patients
with knee and/or hip OA that we know of . Given the advantages
of the Internet, we developed “Join2move’. The Join2move
program differs from existing Web-based programs since it
focuses on knee and hip OA and strategies to enhance PA
despite the presence of pain. The design is inspired by a
previously developed exercise program known as the behavior
graded activity (BGA) program [23]. The BGA treatment isan
exercise regimen based on operant behavior principles that
stimulate OA patients to gradually increase their daily life
activities for fixed time periods. In accordance with the BGA
treatment, Join2move intervention is a 9-week PA program in
which the patient’s favorite recreational activity is gradually
increased in atime-contingent way. Theintensity of the modules
is predetermined by the participants themselves. To investigate
the effectiveness of Join2move, we compared the Web-based
intervention versus no intervention. Thisstudy aimed to answer
the following research question: “What is the short (3 months)
and long-term (12 months) effectiveness of the Join2Zmove
intervention in patients with knee and/or hip OA in PA, physical
function, and self-perceived effect in comparison with awaiting
list control group?’

Methods

Study Design

This study was atwo-armed, 12-month, randomized controlled
trial (RCT) with continuous recruitment and data collection.
Allocation ratio was 1:1 and enrollment started on January 3,
2011, and ended November 5, 2011. The trial is reported
according to the CONSORT-EHEALTH checklist [24]. Ethics
approval was obtained from the medical ethics committee of
the VU University Medical Center, Amsterdam.

Participants

Patients with self-reported knee and/or hip OA were recruited
through advertisements in Dutch newspapers and online on
health-related websites. The advertisements briefly explained
the purpose of the project and the beneficial health effects of
PA. Interested individual swere referred to an open access study
website and invited to complete an online digibility
guestionnaire. Participants email addresseswere used to contact
them for online follow-up questionnaires, and home addresses
were used for sending an information Ietter, informed consent
form, and accelerometer. The eligibility criteriafor participants
were: (1) aged 50-75 years, (2) self-reported OA in knee and/or
hip, (3) self-reported inactivity (<30 minutes of moderate PA
three or five times or less per week), (4) no face-to-face
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consultation for OA with a health care provider, other than GP,
in the last 6 months, (5) ability to access the Internet weekly,
and (6) no contra-indications to exercise without supervision.
Self-reported OA was determined by asking participantsif they
had a painful knee or hip joint and if a doctor or other health
care provider had ever told them this was a result of OA.
Contra-rindication was determined by the PA-readiness
guestionnaire (PARQ) [25]. The PARQ questionnaire is
designed to identify persons for whom increased PA may be
contra-indicated. If patients filled out “no” to all questions, it
was considered safe for the patients to engage Join2move. If
participants answered “yes’ to any of the seven PARQ
questions, they were advised to see their GP before participation.
Written medical clearance from a GP was not required.

Procedure

Interested patients who met the inclusion criteria were sent an
invitation letter with informed consent. Once informed consent
was obtained, participants were invited to fill out an online
baseline questionnaire. When baseline assessments were
completed, participants were randomly assigned to the
intervention (n=100) or control group (n=99). For conceal ment,
aresearcher (CV), not involved in data collection, distributed
sequentially numbered opaque sealed envel opeswith allocation
details. Each sealed envelope was opened after the participant
had given their written consent to participatein the study. After
randomization, all participants were informed through email of
their group assignment. Participants in the intervention group
received a username and password to log in. Due to the nature
of the study (waiting list controlled), neither the study staff nor
the participants were blinded to group allocation. To assessthe
effectiveness of the Join2move intervention, we conducted two
post measurements at 3 months and 12 months. At these
follow-up times, all participants received online questionnaires.
In addition to the online questionnaires, a random subgroup
from both groups (n=83) received and returned an accel erometer
by post. The decision for sending accelerometersto a subgroup
of participants was made based on time and cost savings. An
email and tel ephone reminder was used when participantsfailed
to complete their online questionnaire within 2 weeks. Apart
from sending accel erometers and tel ephone reminders, the study
used an automated design. There was no face-to-face contact
with study subjects.

Development of the I ntervention

Over the course of 1 year, a team of experts from the
Netherlands institute for health services research (NIVEL)
developed the program. During the development phase, an
iterative design methodology [26] was used to test, analyze,
and refine the Join2move intervention. We conducted a focus
group (n=5), in home observations (n=4), a pilot study (n=20),
and interviews (n=16). Furthermore, two usability methods
(heuristic evaluation and a thinking aloud approach) were
applied to determine the usability of the Web-based program.
End-users (ie, patients with knee and/or hip OA) were involved
continuously throughout the development process. The final
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version was used for the RCT study. No content changes were
made during the trial period. Further details about the
devel opment are described el sewhere [27]. Participantsinvolved
inthefocusgroup, pilot, and usability studiesdid not participate
in the RCT study.

Thelntervention

The Join2Zmoveinterventionisbased on apreviously devel oped
and evaluated BGA program for patients with knee and/or hip
OA [23]. The BGA program incorporates a baseline test, goal
setting, time-contingent PA objectives (ie, on fixed time paints),
and text messages to promote PA. An essential feature of the
BGA program is the positive reinforcement of gradual PA,
despite the presence of pain. The gradual increase in activities
changes the perception that PA isrelated to pain and reinforces
confidence to improve PA performance [28]. The Join2Zmove
intervention is a fully automated Web-based intervention that
contains automatic functions (web-based text messaging and
automatic emails) without human support. Screenshots
illustrating different stages of the Join2move intervention are
presented in Multimedia Appendix 1. Participants are initially
presented with a homepage (see Figure 1). The
password-secured PA program is available 24/7 from the
homepage and is provided without charge. In keeping with the
BGA treatment, the Join2move intervention is a self-paced
9-week PA program in which a patient’s favorite recreational
activity is gradually increased in a time-contingent way. In the
first week of the program, users select acentral activity such as
cycling, walking, or gardening; perform a 3-day self-test; and
determine a short-term goal for the next 8 weeks. Based on test
performances and a short-term goal, 8 tailored weekly modules
are automatically generated. Every week, new modules are
posted on the password-secured website. Modules remain on
the website for 1 week. After 7 days, users are presented with
an evaluation form about pain and performance. Painisassessed
with a 10-point Numerical Rating Scale (0 is no pain, 10 is
worst possible pain). Performance was measured by threeitems,
namely: (1)“I completed the module as instructed”, (2) “I did
more than the instructed modul€e”, or (3) “I did less than the
instructed module” due to “(a) time constraints, (b) weather
conditions, (c) paininmy knee and/or hip, and (d) other physical
complaints’. Subsequently, tailored to the answers from the
eva uation form, automated text-based messages were generated.
Furthermore, if users indicated that a module was missed due
to time constraints or weather conditions, they had the option
to repeat the current modul e or to continue with the next module.
If usersindicated that amodul e was missed dueto painin knee/
hip or other physical complaints, they had the ability to repeat
the module (a maximum of three times), adapt the intensity of
the module, or proceed with the next module. In addition to the
weekly modules, information about OA, lifestyle, and videos
are provided. Since personal messages are updated on aweekly
basis, users are encouraged to log in once a week. Automatic
emailsare generated if participants do not log on to the website
for two weeks. At the end of the program, the website presents
amotivational message to perform regular PA in the future.
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Figure 1. Join2move homepage.

Artrose in Beweging,nl

Persoonlijk beweegprogramma

Over artrose Leven met artrose Programma & Onderzoek  Contact

Mevrouw Ruiter (60)
meer te bewegen. Ik vind het heerlifk om samen met mijn vrouw te wandelen en te genieten
van de natuur”

Waiting List

In this study, we used awaiting list control group. The control
group (as well as the intervention group) received aletter with
information about the study, PA, and OA.. During the follow-up
period, participants from the control group had no contact with
participants from the intervention group and no access to the
Join2move intervention. After the follow-up period, patientsin
the waiting list group received access to the Join2move
intervention.

M easures

Three online questionnaires (0, 3, and 12 months) were used
for data collection and a subgroup of participants received an
accelerometer to measure PA. Questionnaires were created by
online survey experts from the NIVEL institute and tested
among a pilot study of 20 participants prior to the RCT study
[27]. All participants received an email with a URL link to an
online questionnaire. We offered no incentives to complete
guestionnaires.

Demographic and Clinical Outcomes

Gender, education (low: primary and lower vocational
education; middle: secondary and middle vocational education;
high: higher vocational and university education), body height
(centimeters), age (years), body weight (kilograms), location
of OA complaints (knee, hip, or both), duration of OA
complaints (years and months), and presence of comorbid
conditions were obtained. Body mass index (BMI) was
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’) E-mailadres ...

Inloggen
LLELL LIl

L Laat mij aangemeld blijven

Inschrijven voor het programma?

Bewegen helpt !

Gedoseerd bewegen houdt bij mensen met artrose
de conditie op peil, spieren sterk, gewrichten
soepel en geest gezond. Hierdoor worden
dagelijkse activiteiten, zoals wandelen, tuinieren
en fietsen gemakkelijker uvitvoerbaar.

Bent u tussen de 50 en 70 jaar, heeft u last van
artrose in de heup en/of knie en wilt u stapsgewijs
meer gaan bewegen? Schrijf u dan in voor het
beweegprogramma.

Met vriendelijke groet,
Daniél Bossen

Nieuw onderzoek februari 2012

In februari start het NIVEL met een nieuw
onderzoek naar de effectiviteit van het internet
beweegprogramma. U kunt zich nu inschrijven
voor deelname! Schrijf u hier in!

calculated as the weight in kilograms, divided by the height in
meters squared.

Program Usage

Program usage was measured by the number of weekly modules
completed. A module consisted of atext-based assignment and
accompanying evaluation form, which was presented on the
website for 7 consecutive days. Once a participant read the
weekly assignments and filled out the evaluation form, the
module was defined as compl eted and the user was automatically
presented with a new module. In total, there were nine weekly
modules that could have been opened by the participant. This
was automatically registered. Adequate program use was defined
if users completed at least 6 out of 9 modules. Intervention
supplements (ie, videos and general information on the
homepage) were not included in the adherence measure.

Primary Outcome M easures

Physical Activity

Self-reported PA was measured by the validated PA Scale for
the Elderly (PASE) [29]. The PASE questionnaire is designed
to assess PA patterns in older adults. The instrument consists
of questions on household, leisure time, and work-related
activities. The activities (assigned according to the level of
intensity: light, moderate, and strenuous) are recorded as never,
seldom (1-2 days/week), sometimes (3-4 days/week), or often
(5-7 days/week). The amount of time spent in each activity is
multiplied by its intensity. In addition to the PASE
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guestionnaire, assessment of PA was supported through
ActiGraph GT3X tri-axial accelerometers [30]. A random
subsample of participants from the intervention and control
groups were invited to wear this accelerometer. In total, 83
accelerometers were distributed by post to 41 controls and 42
participants in the intervention group. Participants were
instructed to wear the monitor on a belt around their waist for
5 consecutive days [31], except during sleeping, showering, or
swimming. In addition, participants were requested to fill out
a short activity diary. This diary contained questions about
wearing time, unusual activities, and reasonsfor deviceremoval.
When accelerometers and diaries were returned by post, data
were downloaded, processed, and subsequently analyzed.
Participants with at least 10 hours of PA datafor at least 4 valid
days were included for further analysis. In order to determine
the actual PA thresholds, the widely accepted thresholds by
Freedson et a [32] were used: 0-99 counts for sedentary
activities, 100-1951 for light PA, 1952-5724 moderate PA,
5725-9498 for vigorous PA, and 9499-max for very vigorous
activities. The total time spent in light, moderate, and (very)
vigorous PA was summed and subsequently divided by the
number of days worn to compute the daily average time spent
in total activity. For analysis, data were recorded at 1-minute
intervals. Sequences of at least 60 minutes of zero counts were
defined as non-wearing time. Although the accelerometer was
tri-axial, only the vertical axis was used for analysis. This was
decided since preprogrammed threshol ds of the tri-axial model
have yet to be determined [33].

Physical Function

Physical function was determined by a subscale of the Knee
OA Outcome Score (KOOS) [34,35] and the Hip Injury OA
Outcome Score (HOOS) [36,37]. The KOOS and HOOS are
self-administered questionnaires to assess patients' opinions
about their knee and/or hip-related problems according to five
indicatorson a5-point Likert scale: (1) pain, (2) symptoms, (3)
physical function, (4) sport and recreation function, and (5)
quality of life.

Self-Perceived Effect

At 3 months and 12 months, self-perceived effect was assessed
by a single question that asked participants about the degree of
change sincetheir previous assessment. We used a 7-point Likert
scaleranging from “much worse” to “ much better”, with “ about
the same” located in the middle. The outcomes of self-perceived
effect were dichotomized into “improved” (much better, better,
and dlightly better) and “not improved” (about the same, dightly
worse, worse, much worse).

Secondary Outcomes

Pain and fatigue were assessed with a 10-point Numerica Rating
Scale (Oisno pain/not tired and 10 is worst possible pain/very
tired). OA-related symptoms, quality of life, and sport and
recreation were measured with a subscale of the HOOS and
KOOS. Anxiety and depression were evauated by the 14-item
Hospital Anxiety and Depression Scale (HADS) [38].
Self-efficacy for pain and other symptoms was evaluated by
using the Arthritis Self-Efficacy Scale [39,40]. Active and
passive pain coping were determined by the Pain Coping
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Inventory questionnaire [41]. Locus of control (people’s belief
that health is or is not determined by their behavior) was
examined with the Multidimensional Health Locus of Control
Scale [42].

Sample Size

Sample size calculations were performed. Since no previous
research has provided adequate statistical information on PA,
power calculations were based on physical function and
self-perceived effect. We needed 200 patients with knee and/or
hip OA in total to detect a small to medium effect (0.2-0.5) in
the outcome measure physical functioning and self-perceived
effect (25% difference). Conventional levels of statistical power
(0.8) and level of statistical significance (P=.05) were used.

Statistical Analysis

Findings were analyzed using an intention-to-treat analysis.
Complementary to the primary analysis, per-protocol analysis
was employed using only adherent patients in the intervention
group (at least 6 out of 9 modules completed) and the entire
control group. A nonresponse analysis was carried out in order
to examine differences among participants who completed the
guestionnaires and participants who did not. Furthermore, we
compared primary baseline variables between the response and
the nonresponse group in order to investigate selective attrition.
A Generdized Estimating Equations (GEE) approach controlling
for baseline values, age, OA location, and gender was used to
analyze effects of the intervention on primary and secondary
outcomes. An independent correlation structure was used to
account for the within-subject correlations. Also, t tests and
chi-square tests were used to compare baseline characteristics
in the intervention and control group to perform nonresponse
analysis and to determine selective attrition. Between-group
effect sizes (ES) were calculated according to Cohen’s d.
Traditionally, ES of >0.8 areinterpreted as“large” effects, effect
sizes of 0.5 as “moderate”, and effect sizes of <0.2 as“small”
effects [43]. The effect size for self-perceived effect was given
by odds ratios (OR). Since GEE analyses are tolerant to data
missing, no imputation techniques were used [44].

Results

Participant Characteristics and Study Participation

Figure 2 depictsthe flow of participantsthroughout thetrial. In
total, 581 persons were screened, 278 (47.8%, 278/581) were
eligible, and 200 (71.9%, 200/581) consented to participate.
Finally, atotal of 99 participants were assigned to the control
group, and 100 participants were allocated to the experimental
group. With regard to the questionnaires, the overall response
rate was 84.4% (168/199) after 3 months and 75.4% (150/199)
after 12 months. With respect to the subgroup of participants
who wore an accelerometer (n=83), the overall response rate
was 72% (60/83) and 66% (55/83) after 12 months. Reasons
for not participating in the follow-up surveys were
health/medical issues (37%, 17/46), lack of motivation (15%,
7/46), personal/family reasons (13%, 6/46), other (13%, 6/46),
and unknown reasons (22%, 10/46).

Table 1 presents participants characteristics and primary
outcome measures at baseline. Participants were predominantly
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female (64.8%, 129/199), had knee OA (63.8%, 127/199), and
no comorbidity (62.8%, 125/199). Mean age was 62 years (SD
5.7) and mean BMI was 27.6 (SD 4.5). Of the participants,
45.7% (91/199) had ahigh level of education and 9.0% (18/199)
had OA symptoms for less than 1 year. Demographic baseline
values were not statistically different between the two groups.
Those who did not complete follow-up questionnaires were

Table 1. Baseline demographic and clinical characteristics.

Bossen et d

more likely to have at |east one comorbidity (P=.01) than those
who did. With respect to other baseline characteristics, no
differences were found (data not shown). The subgroup of
participants (n=83) who wore an accelerometer did not differ
from the other participants (n=116) on baseline characteristics
(data not shown).

Characteristic Intervention, n=100 Control, n=99 P value
Gender, n (%)
Male 40 (40.0) 30(30.3) 15
Female 60 (60.0) 69 (69.7)
Age (years), mean (SD) 61 (5.9) 63 (5.4) .05
BMI (kg/m?), mean (SD) 27.6 (4.6) 27.5 (4.5) 79
Location OA, n (%)
Knee 67 (67.0) 60 (60.6) 37
Hip 21(21.0) 20 (20.2)
Both 12 (12.0) 19 (19.2)
Duration of symptoms, n (%)
<1year 12 (12.0) 6 (6.1) 33
>1-3 years 28(28.0) 27 (27.3)
>3-7 years 27 (27.0) 27 (27.3)
>7 years 33(33.0) 39(39.4)
Education
Low education 13(13.0) 15(15.2) .36
Middle education 36 (36.0) 43 (43.4)
High education 51 (51.0) 40 (40.4)
Comorbidity, n (%)
None 65 (65.0) 60 (60.6) 43
One 19 (19.0) 16 (16.2)
Two or more 16 (16.0) 23(23.2)

Program Usage

Of the 100 participants who received a password and username
toenroll, 94.0% (94/100) made a start with the first module and
6.0% (6/100) never logged in to their personal website. Figure
3 depicts an overview of the module completion rate. The first
module was completed by 80.0% (80/100) of subjects. This
ratio declined to 55.0% (55/100) during the second module.
This percentage of completed modules remained steady up to
the end of the program. Of the 94 participants who started the
program, the average completion was 5.6 (SD 2.9) out of nine
modules. Participants sel ected walking (46.0%, 46/100), cycling
(32.0%, 32/100), Nordic waking (4.0%, 4/100), gardening
(4.0%, 4/100), and other activities (8.0%, 8/100) as central
activity; 6.0% (6/100) of the potential users never selected a
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central activity because they never logged in to their website.
Since personal messages were updated on a weekly basis,
patients had the opportunity to complete a module within 7
days. When a module was missed, users till had the ability to
complete the next module. Finally, 19.0% (19/100) of the
participants fulfilled al modules of the program, and 46.0%
(46/100) reached the threshold of adherence (executed at least
6 out of 9 modules). The presence of comorbidity seemed a
predictor for nonusage. Of the patients with an additional
disease, 71% (25/35) were nonadherent to the Join2move
intervention. This percentage was substantially lower among
those without a comorbidity, namely 45% (29/65). Adverse
events, such as extreme pain and injuries, were not reported
during the intervention period.
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Figure 2. Flow of participants throughout the trial.
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76 (76%) questionnaires completed
24 (24%) lost to follow-up

25 (61%) accelerometers returned
16 (399%) lost to follow-up

74 (75%) questionnaires completed
25(25%) lost to follow-up

30 (71%) accelerometers returned
12 (29%) lost to follow-up
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Figure 3. Module completion rate.
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Primary Outcome M easures

Table 2 presents results of the primary outcome measures at 3
and 12 months. At 3 months, participants in the intervention
group reported asignificantly improved physical function status
(P=.006, d=0.20) and a positive self-perceived effect (P<.001,
OR 10.7, 95% CIl 4.3-26.4). No effect was found for PA
measured with the PASE questionnaire (P=.84, d=-0.01) and
accel erometer (P=.83, d=0.02). After 12 months, theintervention
group showed higher levels of subjective and objective PA
(P=.02, d=0.18 and P=.045, d=0.19) compared with the control
group. At 12 months, no effect was found for physical function
(P=.10, d=0.17) and self-perceived effect (P=.50; OR 1.2, 95%
Cl 0.6-2.4). The accelerometer group (n=83) did not differ from
the group who did not wear an accelerometer (n=118) with
respect to short and long-term PASE scores (data not shown).

Secondary Outcome M easures

Table 3 presents results of the secondary outcome measures at
3 monthsand 12 months. At 3 months, we observed statistically
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significant differences between the intervention and control
group with respect to pain (P=.002; d=-0.2), tiredness (P=.04,
d=-0.16), and improvements in self-efficacy for pain (P=.008,
d=0.17) in favor of the intervention group. Other secondary
endpoints were not significantly different between the two
groups. At 12 months, subjectsin theintervention group reported
less tiredness (P=.008; d=-0.22), better passive pain coping
scores (P=.008, d=—0.18), and reduced anxiety levels (P=.007;
d=-0.21) compared to those in the control group. Other
secondary outcomes were not significantly different between
the conditions at 12 months.

Per-Protocol Analyses

The per-protocol analysis—a comparison of the adherent
patientsin theintervention group (ie, participants who completed
6 out of 9 week modules) and the entire control group—yielded
positive self-perceived effectsin favor of the intervention group
(data not presented). Higher levels of participation had no
influence on other primary and secondary outcomes (data not
presented).
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Table 2. Primary outcome measures; improvements and differences between groups®.

Bossen et d

QOutcome measures n Intervention, mean (95%CI) n

Control, mean (95% CI)

Difference, I-C°(95% Cl) ES  Pvaue

Total PA, PASE (0-400)

Baseline 100 163 (130-196)
3 months 85 162 (136-187)
12 months 74 174 (150-198)

Total PA (accelerometer min/day)

Baseline 39 369 (299-439)

3 months 27 361 (312-411)

12 months 24 361(317-406)
Physical functioning (0-100)

Baseline 99  58.8(51.5-66.0)

3 months 84 67.8 (59.2-76.4)

12 months 75  67.9(59.1-76.7)

Self-perceived effect (improved-not improved)
3 months, n (%) improved 85 44 (44)

12 months, n (%) improved 76 34 (34)

83

7%

160 (123-197)
163 (137-190)
153 (125-181)

395 (322-468)
358 (310-407)
338 (291-384)

55.2 (47.9-62.5)
61.3 (52.7-69.9)
62.9 (54.1-71.7)

7(7.0)

27 (27.3)

-1.6 (-16.610 13.5) -001 .84
21.2(3.6-38.9) 018 .02
3(-261032) 002 .83
24 (0.5-46.8) 019 .045
6.5 (1.8-11.2) 020 .006
5.0 (-1.0t0 11.0) 017 1
10.7° (4.3-26.4) — <001
1.2°(0.6-2.4) - 5

8For PA, physical functioning, and self-perceived effect, a higher score indicates an improvement. Resuilts are based on GEE analyses and adjusted for

corresponding baseline variables, age, OA location, and gender.

B1-C: difference between intervention and control group.
Codds ratio
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Table 3. Secondary outcome measures; improvements and differences between groups®.

Bossen et d

QOutcome measures n Intervention, mean (95%Cl) n Control, mean (95% Cl) Difference, I-Cb(95% Cl) ES P value
Sedentary intensity (accelerometer min/day)

Baseline 39  571(498-645) 40 555 (479-630) — — —

3 months 27 508 (454-563) 30 540 (477-603) -32(-67.7t03.7) -020 .08

12 months 24 514 (448-580) 28 531 (467-595) -17 (-54.710 20.7) -010 .38
Pain (0-10)

Baseline 100 5.4 (4.2-6.5) 98  4.9(3.7-6.1)

3 months 85  3.5(25-4.6) 81 45(3457) -1(-1.6t0-0.38) -0.20 .002

12 months 76 35(24-45) 71 38(2.7-4.9) -0.36 (-1.1t0 0.38) -007 .33
Tiredness (0-10)

Baseline 100 5.6 (4.3-6.9) 99 55(4.36.8) — — —

3 months 85  3.2(2-4.4) 81  4.1(2953) -0.84 (-1.6 to -0.06) -0.16 .04

12 months 76 3(1.9-4.2) 71 41(35.2) -1.15 (-1.9t0 -0.28) -0.22 .008
Symptoms (0-100)

Baseline 100 68.2(60.2-76.2) 99  70.9(62.7-79.2) — — —

3 months 85  67.4(59.1-75.8) 80  64.3(55.3-73.2) 31(-1.3t07.6) 008 .16

12 months 76 657 (57.4-74.0) 71 62.8(534-72.1) 3(-2.1t08.1) 008 .25
Quality of life (0-100)

Baseline 100 38(30.6-45.5) 98  40.9(33.6-48.2) — — —

3 months 85  49.4(41.7-57.0) 80  47.3(39.4-55.1) 2.1(-1.71t05.9) 006 .28

12 months 75  48.7 (40.8-56.6) 71 47.5(39.3-55.6) 1.2(-4.4106.8) 003 .68
Sport/recreation (0-100)

Baseline 88  27.6(14.7-40.4) 78  27.6(13.4-41.9) — — —

3 months 58  42.6(29.6-55.6) 55  42.6(29-56.2) 0(-8.0t08.1) 0 1

12 months 53  42.4(28.1-56.8) 47  39.6(25.6-53.5) 2.9(-6.3t012.1) 008 54
Self-efficacy pain (1-5)

Baseline 100 4.1(3.6-4.6) 97 38(36-4.2) — — —

3 months 85  4(3.6-4.4) 79  37(334.1) 0.31(0.1-0.5) 017  .008

12 months 75 4(3.6-4.9) 72 39(3543) 0.12 (-01 to 0.4) 006 .35
Self-efficacy other symptoms (1-5)

Baseline 100 3.6(3.1-4.1) 96  3.8(34-4.3) — — —

3 months 85  4(3.7-4.4) 79  3.8(37-44) 0.21 (0-0.4) 012 .07

12 months 75  4.1(3.7-4.4) 72 38(354.2) 0.23 (0-0.5) 020 .05
Active pain coping (0-4)

Baseline 100 22(2.0-2.4) 9%  22(2-2.4) — — —

3 months 83  2(1.9-22) 77 2(1822) -0.02 (-0.1t0 0.1) -002 .81

12 months 73 2(1822) 70 2(1.8-22) 0(-0.1t00.1) 0 98
Passive pain coping (0-4)

Baseline 100 1.8(1.7-2.0) 9%  1.8(1.6-1.9) — — —

3 months 83  1.7(L6-1.8) 77 17(1.6-1.9) -0.04 (-0.1 to 0.04) 0 29

12 months 73 17(15-18) 70  1.8(1.7-1.9) -0.12 (0.2 t0 —0.03) -0.18 .008
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QOutcome measures n Intervention, mean (95%Cl) n Control, mean (95% Cl) Difference, I-Cb(95% Cl) ES P value
Internal locus of control (6-36)

Baseline 100 27.1(25.1-29.2) 96  27.5(25.2-29.8) — — —

3 months 84  239(21.9-25.8) 79  23.4(21.3-25.6) 0.45 (-0.6 to 1.5) 006 .41

12 months 74 23.6(21.7-25.6) 70  24(21.7-26.2) -0.3(-15100.9) -005 .61
Power ful otherslocus of control (6-36)

Baseline 99  17.4(14.8-20.0) 96  18.8(15.8-21.8) — — —

3 months 83  16.5(15.0-18.0) 79  16.1(14.3-18.0) 0.37 (-0.8t0 1.5) 005 53

12 months 73 15.2(13.6-6.9) 70  16(14.1-17.9) -0.74 (-2.0t0 0.6) -01 .26
Anxiety (0-21)

Baseline 100 4(2.5-5.6) 97  4.2(265.9) — — —

3 months 85  3.5(25-45) 79  42(3152) -0.64 (-1.3t0 0) -015 .05

12 months 75  3.1(20-4.3) 72 41(2952) -0.9(-16t0-0.2) -021 .007
Depression (0-21)

Baseline 100 4(2.5-5.6) 9%  4.2(2.6-5.9) — — —

3 months 85  26(L5-3.7) 78 32(21-43) -0.61(-1.3t00.1) -0.12 .09

12 months 75  2.4(13-36) 72 3(1.9-4.2) -0.6(-1.3t00.1) -012 .09

3For symptoms, quality of life, sport and recreation, self-efficacy, active pain coping, and locus of control, a higher score indicates an improvement.
For sedentary behavior, tiredness, pain, passive pain coping, anxiety and depression alower score indicates an improvement. Results are based on GEE
analyses and adjusted for corresponding baseline variables, age, OA location, and gender.

B1-C: difference between intervention and control group.

Discussion

Principal Findings

To date, unfortunately, a vast majority of patients with knee
and/or hip OA remain sedentary and receive no help in the
promotion of PA. Since a physically active lifestyle has been
positively associated with physical function and pain [45],
effective and accessible PA programs are needed. Findingsfrom
other Web-based PA interventions have been mixed [22,46,47].
With respect to the PASE questionnaire, this randomized
controlled trial demonstrated that the Join2move intervention
has the potential to improve PA behavior. Effect sizes for PA
ranged between 0-0.19 and are congruent with findings from a
meta-analysis that found an overall mean effect of 0.14 [22].
At 3monthsand 12 months, PA scoresin the intervention group
increased with 1% (1 point) and 6% (11 points) compared to
baseline. Objectively obtained PA yielded different patterns.
Theintervention group remained stable whilethe control group
reported a PA reduction of 37 minutes after 3 months and 57
minutes after 1 year. A possible explanation, also highlighted
in other studies [48,49] isthat self-reports tend to overestimate
follow-up PA levels when compared to objective monitoring
by accelerometry. At the same time, accelerometer
measurements are unable to register water activities such as
swimming. Since swimming is a popular recreational activity
for older adultsin the Netherlands, underestimation of objective
PA may have occurred.

Besides PA, we also found significant short-term improvements
in the primary outcomes physical function and self-perceived
effect. Over the long term, however, we found no significant

http://www.jmir.org/2013/11/e257/

effects for physical function and self-perceived effect. At 3
months and 12 months, physical function in the intervention
group improved 15% (9 points) compared to baseline. According
to astudy by Rooset al [34], these values achieved the threshold
of clinically meaningful improvement. Apart from the observed
improvements in the primary outcome measures, we found
beneficial effects for other physical (pain and fatigue) and
psychological factors (self-efficacy, pain coping, and anxiety)
in favor of the intervention group.

Since long-term follow-up studies demonstrated that effects of
(Web-based) interventions are not sustained in the long term
[21,22,50], we expected short-term rather than long-term PA
effects. Surprisingly, we found only long-term effects in total
PA. These results were confirmed by both self-reported and
accelerometer data. Absence of short-term effects can be partly
explained by improved self-reported PA outcomesin the control
group. The potential presence of the so-called Hawthorne effect
may have contributed to an overestimation of PA scoresin the
control group. Selective dropout, which may have enhanced the
effects in the control group, was not found. A definitive
explanation for the nonsignificant short-term differencesremains
unclear.

Several factors may have contributed to the success of the
Join2move intervention. First, the program is the first
Web-based PA intervention that focuses specifically on knee
and hip OA. The intervention addresses how to perform PA
despite the presence of pain. The gradual increase of activities
changes the perception that physical movement is related to
pain and reinforces confidence to improve PA performance
[28]. This may have led to positive psychological and health
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outcomes. Second, the Join2move intervention seeks to align
with the day-to-day activities of people. Users perform common
activities (eg, walking, cycling) that are easy to integratein their
daily routine. Third, over the course of 1 year, we systematically
devel oped and eval uated the Join2moveintervention. End-users
considered the intervention as user-friendly and helpful [27],
which isaprerequisite for effective Web-based interventions.

Nonusage attrition has been acknowledged asacommon concern
in the field of Web-based education [51]. In particular,
interventions, such as Join2move, that use automatic functions
with minimal human involvement suffer from substantial rates
of nonusage. In this study, 94.0% of the participants actually
started the program, 46.0% reached the adherence threshold of
6 out of 9 modules, and 19.0% finished all 9 weekly modules.
When considered inlight of other studies, these adherencerates
can be interpreted as reasonable. Previous studies by Wanner
et a [52] and Connon et al [53] showed that respectively 47%
and 25% of the intervention subjects never logged in to their
Web-based program. Similarly, in a Web-based intervention
by Hansen and colleagues[54], only 7% of the participants used
the program more than once. A possible explanation for the
relatively high adherence rates could be that our program
incorporated automatic email reminders and website
refreshments. We believe, like others [55-58], that more
advanced feedback systems and regular reminders will lead to
even better rates of adherence. Therefore, future research should
concentrate on which strategies can improve website usage. A
second factor, which may have influenced our usage rates, is
the recruitment strategy used in this study. Participants were
self-sel ected volunteerswho responded to advertisements. Since
self-selected participants tend to be highly educated, healthy,
and aready motivated to change their PA behavior, it is
presumed that they have better usage rates compared to those
who do not elect to participate. For example, Hansen et al [54]
attributed their poor usage ratesto the non-self-sel ected sample.
This suggests that Web-based interventions, especially those
without supervision, could be most suitable for those who are
already willing to change their PA levels. Details about the
usage and nonusage of the Join2move are described in another
publication [59].

With respect to dropout attrition, 9% (4/46) adherent and 48%
(26/54) nonadherent subjects did not return at least one of the
follow-up surveys. Thisisin line with the study by Eysenbach
[51], indicating that dropout and nonusage attrition are linked
to each other. Since dropout rates and demographics of dropouts
were similar between conditions, it is not expected that this
influenced the results of the study.

As there is no cure for OA, self-management is considered a
key element in the nonpharmacol ogical treatment of knee and/or
hip OA [60,61]. Self-management aimsto motivate OA patients
to undertake changes necessary to improve physica and
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psychologica well-being. Although theimportanceisgenerally
acknowledged, provision of self-management is underutilized.
Given the clinically relevant benefits and the self-help format,
Join2move could be a key component in the effort to enhance
self-management in sedentary patients with knee and/or hip
OA. Considering the unique potential to reach large popul ations
through Join2Zmove, even the small effects observed in this study
could have clinical public health consequences [19]. Besides
the focus on outside-care popul ations, patientsin a care setting
may also benefit from Join2move. Therefore, future work should
integrate and investigate Join2move in a health care
environment.

Strengthsand Limitations

First, the most important strengths are the design (ie, RCT) and
the long-term character of the study. Second, we used both
objective and subjective measuresto assess PA. This study also
has certain limitationsthat areimportant to acknowledge. First,
participants were included on the basis of self-reported OA.
Unfortunately, due to practical constraints, diagnosis was not
confirmed through clinical tests or x-ray reports. In a previous
pilot study [27], we verified self-reported OA through clinical
tests. According to the American College of Rheumatology
criteria[62,63], 80% had clinical knee or hip OA and 20% of
the participants had no OA. Theserates arein line with another
validation study [64], reporting over 80% agreement between
self-reported and clinically confirmed diagnoses. Although these
rates are acceptable, it is presumed that we included false
positive OA patientsin our trial. Second, results could be biased
by dropout of participants (15.6%, 31/199 at 3 months and
24.6%, 49/199 at 12 months). However, the nonresponse
analysis showed similar baseline characteristicsfor responders,
and nonresponders and dropouts were equally distributed
between the intervention group and the control group. Third,
with respect to the outcome variable PA, the study involved
two different measures (questionnaires and accelerometers) on
two occasions (3 monthsand 12 months). We acknowledge that
thismay have increased the possibility of Typel errors. Fourth,
the representativeness was limited by the self-selected sample
used in this study. Responders were predominantly healthy and
highly educated patients. Thiswidely recognized phenomenon
is called “The inverse information law” [65]; Web-based
interventionsfail to reach those for whom PA behavior changes
are most necessary [21,22,66-69]. In order to eliminate this
issue, future studies should focus on how these specific groups
could be involved in the field of Web-based education.

Conclusions

Health care providers, such as GPsand physical therapists, may
play a pivota role in the referral of patients to Web-based
interventions. Furthermore, it will be important to translate
Web-based interventions, such as Join2move, to other self-help
formats (eg, videos, brochures, and self-help books).

The authors Daniel Bossen and Cindy Veenhof are the creators of the Join2move intervention.
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Multimedia Appendix 1
Screenshots of the Join2move intervention.

[PDF File (Adobe PDF File), 654KB - jmir_v15i11e257_appl.pdf ]

Multimedia Appendix 2
CONSORT-EHEALTH checklist V1.6.2 [24].

[PDF File (Adobe PDF File), 989K B - jmir_v15i11e257_app2.pdf ]
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Abstract

Background: Persistently poor glycemic control in adult type 1 diabetes patients is a common, complex, and serious problem
initiating significant damage to the cardiovascular, renal, neural, and visual systems. Currently, there is a plethora of |ow-cost
and free diabetes self-management smartphone applications available in online stores.

Objective: The aim of this study was to examine the effectiveness of afreely available smartphone application combined with
text-message feedback from a certified diabetes educator to improve glycemic control and other diabetes-related outcomes in
adult patients with type 1 diabetes in a two-group randomized controlled trial.

Methods: Patients were recruited through an online type 1 diabetes support group and letters mailed to adults with type 1
diabetesthroughout Australia. In a6-month intervention, followed by athree-month follow-up, patients (n=72) were randomized
to usua care (control group) or usual care and the use of a smartphone application (Glucose Buddy) with weekly text-message
feedback from a Certified Diabetes Educator (intervention group). All outcome measures were collected at baseline and every
three months over the study period. Patients' glycosylated hemoglobin levels (HbA1c) were measured with a blood test and
diabetes-related self-efficacy, self-care activities, and quality of life were measured with online questionnaires.

Results: The mean age of patients was 35.20 years (SD 10.43) (28 male, 44 female), 39% (28/72) were male, and patients had
been diagnosed with type 1 diabetes for a mean of 18.94 years (SD 9.66). Of theinitial 72 patients, 53 completed the study (25
intervention, 28 control group). The intervention group significantly improved glycemic control (HbA1c) from baseline (mean
9.08%, SD 1.18) to 9-month follow-up (mean 7.80%, SD 0.75), compared to the control group (baseline: mean 8.47%, SD 0.86,
follow-up: mean 8.58%, SD 1.16). No significant change over timewas found in either group in relation to self-efficacy, self-care
activities, and quality of life.

Conclusions: Inadjunct to usual care, the use of a diabetes-related smartphone application combined with weekly text-message
support from a health care professional can significantly improve glycemic control in adults with type 1 diabetes.

Trial  Registration: Australian  New  Zealand Clinical  Trials Registry: ACTRN12612000132842;
https://www.anzctr.org.au/Trial /Registration/Trial Review.aspx?ACTRN=12612000132842  (Archived by WebCite at
http://www.webcitation.org/6K14jgn5u).

(J Med Internet Res 2013;15(11):€235) doi:10.2196/jmir.2588
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Methods

Persistently poor glycemic control in adult type 1 diabetes
patients is a common, complex, and serious problem initiating
significant damage to the cardiovascular, rena, neural, and
visual systems[1]. In many patients, glycosylated hemoglobin
levels (HbA ) are unsatisfactory, with levels consistently above
8.0% [2]. In the pursuit of improving metabolic control, the
importance of self-monitoring blood glucose is widely
appreciated and recommended as aroutine part of management
in patients with type 1 diabetes [3]. There are a number of
barriers to glycemic control in type 1 diabetes, including the
fear of hypoglycemia and the demands of day-to-day
management, in particular the need for frequent self-monitoring
of blood glucose and regular adjustmentsin insulin dosing [4].
Additionally another difficulty is a patient’s logbook, either
paper-based or electronic, that a clinician is presented with at
a consultation. Clinicians often face a lack of information on
which to base their advice regarding their patient’s self-care
[5,6]. Utilizing mobile phone technology may help to overcome
these difficulties.

The worldwide prevalence of mobile phones makes them a
powerful platform for providing individualized health care
delivered at the patient’s convenience. Severa reviews have
documented the effectiveness, potential, and challengesin using
mobile phones to improve health outcomes in diabetes [7-14].
Growing evidence suggests that utilizing mobile phones may
improve diabetes self-management and clinical outcomes,
however, this evidence is much stronger for type 2 populations
than type 1 populations [9].

In recent years, mobile phones have improved dramatically in
both design and function, from simple call and text devicesto
the more sophisticated mini-personal computers known as
smartphones. Smartphone owners are now more prevalent within
the overall population than owners of traditional mobile phones
[15]. Smartphones alow individual usersto instal, configure,
and run specialized applications on their phone. Increasing
numbers of people are using these applications to self-manage
chronic diseases [13]. For example, Chomutare and colleagues
[16] identified that in 2011 there were more than 260
diabetes-related iPhone applications available for download
from the Apple online store.

A small number of prototypes of type 1 diabetes smartphone
applications have been developed and tested in clinical settings
[2,17-21]. However, with the plethora of low-cost and free
self-management diabetes applications currently available in
online markets (Apple iPhone, Google Android, BlackBerry,
and Nokia Symbian), it is pertinent to examine their
effectivenesswhen integrated in secondary care[16]. Therefore,
theaim of this study wasto examinethe effectiveness of afreely
available smartphone application combined with text-message
feedback to improve glycemic control and other diabetes-related
outcomesin adult patients with type 1 diabetesin atwo-group
randomized controlled trial.

http://www.jmir.org/2013/11/e235/

Design

The study, utilizing a two-arm (usua care and intervention)
randomized controlled trial with measures at baseline, 3, 6, and
9 months (Figure 1), was conducted with the assistance of a
Certified Diabetes Educator (CDE). Participantswererecruited
nationally by means of aninvitation | etter sent to type 1 diabetes
patients registered with Diabetes Australiain New South Wales
(n=3809) and Queendand (n=3207), aswell asan advertisement
in atype 1 diabetes national newsletter (Yada Yada newsletter)
emailed to more than 5000 recipients and promotionin an online
community forum (Reality Check Forum). Study inclusion
criteriawere: (1) aged 18-65 years, (2) diagnosed with type 1
diabetes>6 months, (3) HbA ;. >7.5%, (4) treated with multiple
daily injections or insulin pump, and (5) own a smartphone
(iPhone). Patients were excluded if they were pregnant or
already using a smartphone application to self-manage their
diabetes. This study was approved by Central Queensland
University Human Research Ethics Board.

After confirming eligibility (via phone call) and obtaining
written informed consent (via email) from the patient and their
primary diabetes health care practitioner (general practitioner
or endocrinologist), the study coordinator randomized patients
using a freely available online randomization program. A
permuted block randomization design method was used during
the 3-month rolling recruitment to ensure roughly equal numbers
of patientswere allocated to each comparison group [22]. There
was no face-to-face contact between the patients and research
team at any point in the study, which allowed participants to
live anywhere in Australia.

Intervention

Patientsin both groups were asked to continue with their usual
care, whichincluded avisit to their primary diabetes health care
practitioner every 3 months. Additionally, patients allocated to
the intervention arm were given instructions to download the
smartphone application named “Glucose Buddy”. Glucose
Buddy is a freely available diabetes self-management iPhone
application that allows users to manually enter blood glucose
levels, insulin dosages, other medications, diet (food item in
grams), and physical activities (minutes) [16,23]. Users can also
view their data on a customizable graph and export this
information via email (Figures 2 and 3). Glucose Buddy was
developed by SkyHealth LLC and was first made available on
iTunes (Apple online store) in October 2008. Glucose Buddy
has been reported to be the most downloaded diabetes
management software on iOS, with downloads in excess of
100,000. There was no minimum amount of logging required
and intervention patients were able to utilize the accompanying
Glucose Buddy website to log diabetes parameters at their
discretion.

Theinformation logged in the Glucose Buddy application was
reviewed by a CDE via a Web interface on aweekly basis. All
patients in the intervention arm were sent a minimum of 1
personalized text-message communication per week for thefirst
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6 months of the study. At the 6-month timeframe, all
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text-message communication ceased.

Figure 1. Participant flow. Note: Reason for subject “lost to follow-up” could not be determined as patients could not be re-contacted. CDE: Certified

Diabetes Educator.
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Figure 2. Glucose Buddy screenshots of the menu and adding alog.
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Measures

All measures were collected at baseline and every 3 months
over the 9-month study period for both groups (making 4 time
points in total). The primary outcome measure was change in
glycemic control assessed by HbA ;., which was collected by a
pathology lab at the request of the patients’ general practitioner
or endocrinologist as per usual care (every 3 months) and then
forwarded to the research team. The secondary outcome
measures, being diabetesrelated self-efficacy, self-care

http://www.jmir.org/2013/11/e235/
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activities, and quality of life, were collected via a Web-based
survey. Details to access this survey were emailed to patients.

Diabetes-related self-efficacy was measured using the short
form of the Diabetes Empowerment questionnaire (DES-SF).
The DES-SF questionnaire measures eight conceptual
dimensions relevant to the management of diabetes. (1)
assessing the need for change, (2) developing a plan, (3)
overcoming barriers, (4) asking for support, (5) supporting
oneself, (6) coping with emotion, (7) motivating oneself, and
(8) making diabetes care choices appropriate for one'spriorities
and circumstances. Patients respond to all items on a 5-point

JMed Internet Res 2013 | vol. 15 | iss. 11 [e235 | p.73
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Likert scale, with 1-strongly disagreeto 5-strongly agree. Higher
scores on DES-SF reflect a better self-efficacy. Research has
shown that DES-SF is a valid and reliable measure of overall
diabetes-related psychosocial self-efficacy [24,25].

The Summary of Diabetes Self-Care Activities (SDSCA)
measure was used for assessing diabetes self-care behaviors.
The SDSCA contains 6 scales: (1) general dietary behavior, (2)
specific dietary behavior, (3) glucose monitoring, (4) exercise,
(5) foot care, and (6) smoking. Only the first four listed scales
were used in this study. Higher scores on the SDSCA reflect a
greater number of days per week that self-care activities are
carried out (range 0-7). Psychometric analyses support the
construct validity and internal consistency reliability of SDSCA
in an adult diabetes population [26].

The valid and reliable Diabetes Quality of Life (DQOL) scale
[27] was used to assess the three aspects of quality of life
directly related to diabetes: diabetes satisfaction, impact, and
worry. All the subscales were included. Patients respond to all
items on a 5-point Likert scale. A score of 1 indicates “always
affected”, “always worried”, or “never satisfied”. A score of 5
represents “no impact”, “no worries’, or “aways satisfied”.
Higher scores on DQOL scales reflect better quality of life.

Intervention participants engagement with theintervention was
also measured in terms of text-message communications with
the CDE and the utilization of the Glucose Buddy application.
Specifically, the number of text messages sent to patients and
the number of text-message responses were collected as well
asthe number of logs (blood glucose, insulin, physical activity,
and diet) entered by patientsin the Glucose Buddy application.

Statistical Analysis

Demographic characteristics of participants and baseline data
for all measures were compared between both study groups to
detect differences at baseline using a series of independent
samplet testsand chi-square tests. Logistic regression analyses
were conducted to evaluate whether participant characteristics
(age[years], duration of diabetes[months/years], gender, insulin
pump use [Y/N], and baseline HbA ;) were related to dropout
(completed vsdidn't complete all assessments) during the study.
This statistical method is common when evaluating the
characteristics that may be related to attrition examined as a
dichotomous outcome. Primary (HbA,) and secondary
outcomes (diabetes-related self-efficacy, quality of life, and
self-care) measures were analyzed using linear mixed effects
models for repeated measures. Linear mixed model analysis
allows for inclusion of cases with missing data, without
replacement of missing values, and therefore includes all
randomized patients. The linear mixed model analysis used
group and the covariates of age (years), gender, and diabetes
duration (years) as fixed effects. The “ Type 111 Wald test” was
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used to test overall statistical significance of the effects. Linear
regression analysis was conducted to analyze whether
engagement in the study by the intervention group was
predictive of change in HbA,.; it alows to assess whether
patients who engaged more in the intervention, in terms of
text-message communications and logging parameters in the
Glucose Buddy application, had a greater change in HbA ..
Statistical significance was defined as P<.05 for al anaysis
and conducted using SPSS for Windows (Version 18.0).

The sample size was calculated on the expected difference in
mean (1.5%) in the primary outcome variable (HbA,.), and the
logistically maximum available sample size was 36 patients per
group based on part-time work status of the CDE. We allowed
for a dropout of 11% (4 per group), consistent with dropout
rates reported in recent reviews of similar studies [9,10], and
variation in baseline (HbA,.=1.80) similar to previous studies
[28]. Based on these parameters and using an alpha of .05 and
90% power, the estimated sample size was 68 in total and
subsequently increased to 72 in line with the maximum casel oad
of the CDE [29].

Results

Participant Characteristics

Intotal, 197 adultswith type 1 diabetesregistered their interest
online or viaphone call to the research team and were assessed
for eligibility (Figure 1), with 125 excluded for not meeting the
inclusion criteria. Seventy-two individual s were randomized to
the two groups. Linear mixed model analysis allows for
inclusion of cases with missing data, without replacement or
imputation of missing values. Therefore, thisanalysisapproach
includes all available data of randomized patients at each time
point as indicated in Figure 1. Table 1 provides an outline of
the participant’s characteristics. Mean age of patientswas 35.20
years (SD 10.43), 39% (28/72) were male, and patients had been
diagnosed with type 1 diabetes for a mean of 18.94 years (SD
9.66). In total, 38% (27/72) of patients were using an insulin
pump, with no significant difference between groups, )(21:0.59,
P=.81. Theintervention group had asignificantly higher (P=.02)
baseline HbA ;. (mean 9.08, SD 1.18) than the control group
(mean 8.47, SD 0.86) and reported a healthier diet (mean 3.56,
SD 1.70 healthy days per week for theintervention group versus
mean 2.60, SD 1.98 days for the control group, P=.03). There
were significantly (P=.02) more females (75%, 27/36) in the
control group. No other baseline differences were observed
between groups. Dropout was 26% (11 males, 8 females, 19/72)
with logistic regression anaysis revealing no significant
difference in age, gender, diabetes duration, insulin pump use,
and baseline HbA ;. among those that completed the study and
those that were lost to follow up.
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Table 1. Participant characteristics at baseline.
Overall, Control, Intervention, P value
n=72 n=36 n=36
Gender (M/F), n 28/44 9127 19/17 .02
Age (years), 35.20 (10.43) 34.42 (10.26) 35.97 (10.67) 51
mean (SD)
Diabetes duration (years), 18.94 (9.66) 18.19 (9.77) 19.69 (9.64) .53
mean (SD)
Insulin pump use, n 27172 13/36 14/36 81
HbA 1¢ , mean (SD)
Total group 8.78 (1.07) 8.47 (0.86) 9.08 (1.18) .02
Male 8.79 (1.31) 8.17 (0.65) 9.10 (1.45) .08
Female 8.77 (0.90) 857 (0.91) 9.07 (0.84) .08

Intervention Effects

As outlined in Table 2, the linear mixed model revealed that
there was a significant interaction effect between groups for
HbA . (F1246=20.07, P<.001). The intervention group had a
significant decrease in HbA ;. (mean -1.10, SD 0.74, P<.001)
over the 9-month study, compared to the control group which
had anon-significant increase (mean 0.07, SD 0.99). Therewas
adatistically significant changein the diabetes self-care measure
of specific diet over time, but there was no difference between
the two groups. No significant differences were observed for
all other outcomes.

Engagement by Intervention Patients

Intervention patients’ engagement with the Glucose Buddy
application, in terms of the number of logs and text messages
communicated between patients and the CDE, is outlined in
Table 3. Over the 6-month intervention period, the CDE sent
1714 text messages in total, which equates to approximately 2
text messages per patient per week. Patients sent in total 559
text messages to the CDE over the 6-month period. The first
month of the study was used for the CDE and the intervention
group patients to establish a relationship—they never met in
person. Thus, thetext messages sent to patients (mean 9.75, SD
1.96) in the first month and those received by the CDE (mean
6.47, SD 3.92) are higher than the average of the other five
months. Using the Glucose Buddy application, patients |ogged

http://www.jmir.org/2013/11/e235/

24,720 diabetes parameters in total: 54.00% (13,349/24,720)
of the logs related to blood glucose levels, 33.00%
(8158/24,720) to insulin, 12.00% (2966/24,720) to diet, and
1.00% (247/24,720) to exercise. Linear regression anaysis
reveal ed no significant relationship between level of engagement
and change in HbA .. in the intervention, as measured by text
messages sent to the patients, text messages received by the
CDE, and the number of logs entered in the Glucose Buddy
application.

Text Message Themes

The content of the text messages sent to and received from
patients fell into four broad thematic categories covering
feedback on logs, diabetes questions, educational tips, and
positive reinforcement. Examples of text messages for each
category are outlined in Table 4.

CostsIncurred

The Glucose Buddy application was freely available. A
text-messaging software program was used to text message
patients. Total cost over the study was $290.93 AUD; this
equates to $8.08 per patient (n=36). The CDE spent on average
3 hours per week reviewing patients’ logs and text messaging
patients in the intervention group. This equated to 5 minutes
per patient (n=36) per week (72 hours in total over 6-month
period). A CDE hourly rate is approximately $28.85; thus, the
total cost over the study was $2077.20 AUD.
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Table 2. Results of linear mixed model analysis for diabetes glycemic control, self-efficacy, self-care, and quality of life measures.

Overall? Control® Intervention® Overall F statistic, (df=1,246)
Mean (SD) Mean (SD) Mean (SD) Time Group Time x Group
HbA 1¢ (%)
Basdine  8.78 (1.07) 8.47 (0.86) 9.08 (1.18)4
3-month 827 (0.86) 8.23 (0.89) 8.32 (0.84) 28.79° 10,551 20.07°
6-month  8.22(0.91) 8.43 (1.00) 7.97 (0.73)
9-month  8.21(1.05) 8.58 (1.16) 7.80(0.75)
SDSCA
General Diet
Baseline  3.81(2.06) 4.19 (1.88) 3.42(2.19)
3month  4.10 (2.00) 397 (2.13) 4.23 (1.86) 5.30 1.92 3.40
6-month  4.36 (1.86) 4.16 (1.98) 459 (1.73)
9-month  4.37 (1.83) 414 (1.85) 4.62 (1.80)
Specific Diet
Bassline  3.08(1.89) 2.60 (1.98) 3.56 (1.70) ¢
3-month  3.10(163) 3.00 (1.76) 3.22(1.48) 0.52 6.90¢ 3.36
6-month  3.68 (1.63) 3.56 (1.66) 3.80 (1.60)
9-month  3.93(161) 4.05 (1.43) 3.80(1.82)
Exercise
Baseline  2.74(2.09) 2.92(2.12) 257 (2.08)
3month  2.45(2.12) 2.53(2.31) 2.36 (1.91) 1.44 2.22 0.93
6-month  2.83(1.95) 3.06 (1.97) 2.55(1.92)
9-month  2.96 (1.79) 2.82 (1.75) 3.12 (1.86)
Glucose Testing
Basdline  5.46 (2.04) 5.51 (2.08) 5.40 (2.03)
3-month  5.88(1.64) 5.75 (1.65) 6.02 (1.64) 3.65 142 1.86
6-month  6.10 (1.56) 6.02 (1.67) 6.20 (1.46)
9-month  5.92(1.62) 5.61 (1.95) 6.28 (1.06)
DES-SF ¢
Basdline  3.62(0.77) 3.62 (0.65) 3.62(0.89)
3month  3.78 (0.64) 3.70 (0.65) 3.88 (0.61) 0.01 0.16 0.001
6-month  3.73(0.77) 3.64(0.81) 3.82(0.73)
9-month  3.61(0.72) 3.62(0.74) 3.60 (0.71)
pQoL "
Satisfaction
Baseline  3.14 (0.61) 3.09 (0.55) 3.20 (0.66)
3-month  3.22(0.61) 3.11(0.54) 3.35(0.67) 0.55 1.42 0.01
6-month  3.32(0.60) 3.23(0.62) 3.43(0.58)
9-month  3.35(0.66) 3.29 (0.65) 3.42 (0.68)
Impact
Bassline  3.70(0.53) 3.66 (0.54) 3.75(0.52)
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Overal? Control? Intervention® Overall F statistic, (df=1,246)
Mean (SD) Mean (SD) Mean (SD) Time Group Time x Group
3month  3.81(0.57) 3.75 (0.56) 3.89(0.59) 058 071 0.07
6-month  3.83(0.61) 3.74(0.61) 3.94(0.62)
9month  3.85(0.53) 3.77 (0.55) 3.93(0.52)
Worry
Basdline  3.98(0.66) 3.90(0.78) 4.06 (0.52)
3month  4.10(0.70) 4.01(0.77) 419 (0.61) 177 1.26 0.70
6-month  4.16 (0.70) 3.99(0.82) 435 (0.46)
9month  4.15(0.63) 3.99 (0.76) 4.34(0.36)

3N umber of participants included in both groups at each time point is: baseline =72, 3 month n=68, 6 month n=60, 9 month n=53.

BN umber of participants included in the I ntervention group at each time point is. baseline n=36, 3 month n=32, 6 month n=28, 9 month n=25.
®Number of participants included in the Control group at each time point is: baseline n=36, 3 month n=36, 6 month n=32, 9 month n=28.
dp<.05

éP<.001

fSDSCA: Summary of Diabetes Self Care Activities

9DES-SF: Diabetes Empowerment Scale

PDQOL: Diabetes Qudlity of Life

Table 3. Engagement with intervention.

Month 1 Month 2 Month 3 Month 4 Month 5 Month 6
Average number of text messages 9.75 (1.96) 6.67 (1.47) 7.58 (2.12) 7.11 (1.91) 8.56 (2.26) 7.94 (2.52)
sent to patients, mean (SD)
Median number of text messagessent 9 7 7 75 8 8
to patients
Total number of text messagessent 351 240 273 256 308 286
to patients
Average number of text messagesre-
ceived by CDE?, mean (SD) 6.47 (3.92) 2.36(2.82) 2.03(2.52) 1.11 (1.30) 2.22 (2.84) 1.33(2.46)
Median number of text messagesre- 6 2 1 1 15 0
ceived by CDE
Total number of text messages re- 233 85 73 40 80 48
ceived by CDE
Glucose Buddy L ogs, mean (SD) 187.53 (137.41) 137.22(143.39) 92.03(109.66) 96.02 (129.06) 89.03 (107.14) 84.83(153.47)
Glucose Buddy Logs, total N 6751 4940 3313 3457 3205 3054
8CDE: Certified Diabetes Educator
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Themes

Examples

Feedback on logs (blood glucose, in-
sulin, diet)

Diabetes questions

Educational tips

Hi <patient name>- Another pretty good week - just a bit concerned about some odd higher levelsin the
morning - looks like some of these are forgotten doses - would that be right? Otherwise all are getting better
and no real hypos. Be aware you may need to tweak basal if those highs are not related to forgotten doses.
Your thoughts? [Sent from Certified Diabetes Educator]

Hi Veronica- Yes | have been having my breakfast later after | arrive to work, | get distracted and then can’t
remember if | have had my insulin or not. | think | will just have a piece of fruit and insulin before | leave for
work to prevent the high. | think the basal is ok but | will check over next couple of days, thanks for your help.
[Response from Patient]

Hi <patient name>- I’ ve been thinking about your CHO ratio. Have you ever done a basal check - whichis
simply to just have basal insulin overnight & on waking up and having no CHO & omit fast acting insulin for
breakfast or lunch & just check how your levels go? If basal is right you should stay pretty constant. It'sa
good placeto start - if basal isright we can start on CHO ratio with novo? [Sent from Certified Diabetes
Educator]

Hi Veronica, | have never heard of a basal check but | did this, as you said and you can see on my download
| was 12 -2 hours after tea (before bed) and went down to 8 when | woke up. So | now understand, as you say
| need to adjust my CHO ratio with the evening meals so my after tea BSL is lower. WI adjust and let you
have a look at levels next week. [Response from Patient]

Hi <patient name>- Great logging this week - just a few Xmastips - don’t forget to give extra fasting acting
insulin for extra treats - remember extra alcohol will make you low so eat carbsiif you drink! Today | will be
standing by to answer Xmas queries so pleasefeel freeto send themthrough. Merry Xmas! [Sent from Certified

Diabetes Educator]

| didn’t realize that alcohol made my BSL lower. That explainsa lot - | have had some bad hyposin the
morning after a big night out. | usually give myself extra insulin for each beer | drink. Should | give any fast
acting insulin for alcohol at all or just eat extra CHO serves? [Response from Patient]

Positive reinforcement

Hi <patient name>- Great logging this week “\\WOW I’ m thrilled with your HbA1 & your positive comment

about it being the best in 6 years. It is a testament to you because you are keeping such good track on your
own adjustments and control. Looks like another great week again! [Sent from Certified Diabetes Educator]

Thanks, after | wasfirst diagnosed, | kept alog but then | didn’t bother to keep track of anything because |

just always felt out of control. By getting direct feedback, | have under stood more about the finer details about
insulin/carbs/exercise and al cohol which has made me less reactive and think more about my adjustments.

[Response from Patient]

Discussion

Principal Findings

In adjunct with usua care, use of the Glucose Buddy application
combined with weekly text-message feedback from a CDE led
to a significant decrease in HbA ;. in comparison to a control
group receiving only usual care. While regression to the mean
cannot be ruled out, these results suggest that the intervention
was effective. Improvementsin HbA ;. of thismagnitudein type
1 diabetes patients have been found previously in a mobile
phone study [2] but are rare [17,19,30,31]. All patients in our
study had poorly controlled diabetes at baseline; however, the
intervention group had a significantly higher HbA . at baseline
(mean 9.08%, SD 1.18 vs mean 8.47%, SD 0.86) and thus had
agreater potential to improvetheir glycemic control. However,
a meta-analysis of mobile intervention studies on diabetes
glycemic control demonstrated only a 0.3% improvement for
type 1 patients[9]; this demonstrates the success of the current
intervention (a decrease of 1.1% in the intervention group)
despite the baseline differences observed between groups.

It is unclear what mediated the change in HbA .. in the current
study as our analysis did not show a significant association
between Glucose Buddy application usage, text message
communications, and change in HbA .. Those patients who

http://www.jmir.org/2013/11/e235/

used the Glucose Buddy application and text messaged the CDE
most frequently did not have a greater change in HbA ;. than
thosewho used them less. Thisissupported in previousresearch
which has found no associ ation between engagement (increased
contact between patient and clinician) and clinical improvement
[32-36]. Perhaps the improvement in glycemic control in our
study may be attributed to offering both a smartphone
application and a website to log parameters. Mulvaney and
colleagues[10Q] identified intheir systematic review that diabetes
studies which included amobile phone and Internet component
showed a greater reduction in HbA ;. (0.7% vs 0.4%) when
compared to studies with only a mobile phone component.
Unfortunately, we do not know (due to software constraints)
the extent to which each component was used by patients during
our study. Alternatively, it may be that the user
engagement/health statusrelationship in | T-based interventions
is more complex than measured in the current study. The
estimated sample size in the current study was based on
logistical constraints and the ability to detect a change in the
primary outcome; as such, the study may have been
underpowered for the mediation analysis between platform
usage and change in the primary outcome.

The current study did not find an improvement in self-efficacy
in the intervention group. Previous Web and mobile phone
diabetes studies have found positive changes in self-efficacy
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[33,37-39]; however, this change in self-efficacy is not always
correlated with achangein HbA ;. [38,39]. Perhapstherelation
between self-efficacy and HbA;. is less important than
previously assumed [24]. There was no changein qudlity of life
in our study within and between groups over time. Thisfinding
issupported by previoustelemedicine studiesin type 1 diabetes
that were also unable to observe an improvement in quality of
life despite improvementsin HbA . [2,32,40-42]. This may be
dueto the fact that diabetes self-management remains aburden
despite short-term improvementsin glycemic control and effects
on quality of life might only manifest themselvesin the longer
term [43]. Additionaly, there was no change in self-care
activities for either group over time. This was unexpected
considering that our intervention group had a significant
improvement in HbA,, which is traditionally correlated with

an increase in frequency in blood-glucose testing [8,38,44,45].

A recent systematic review highlighted that the level of
engagement of participants in mobile intervention diabetes
studies is underreported [10]. Our intervention group (n=36)
logged 24,720 parameters in the Glucose Buddy application
over a 6-month period of time. This is comparative to Farmer
and colleagues [35], whose intervention group (n=47) logged
29,795 bhlood glucose results over a 9-month period of time.
Patients in our study limited their self-monitoring practices to
those indicators with high importance to the self-management
of their condition. For example, blood glucose was logged
54.00% of the time, whereas exercise was logged only 1.00%
of time. Our intervention patients sent 559 text messages in
total, equating to a mean of 15.5 (559/36) per participant over
the entireintervention period. Similarly inamobile phone-based
type 1 diabetes study, intervention patients sent atotal of 1180
text messages, a mean of 18.4 text messages per person [34].
The CDE in our study spent approximately 5 minutes per week
per patient to monitor and provide feedback. Thisiscomparative
totimetaken by clinical practitionersin Benhamou and Melki’s
[19] research who spent on average 4.5 minutes per week per
patient.

Despite there being an overal high level of engagement by
patients in this intervention, this did decrease over the study
period. Keeping patients adherent to treatment and
maintai ning engagement over time are significant problemsthat
have been documented in health care [46]. Thisis aso true of
behavioral interventions across varied intervention delivery
modalities, especialy the Internet [47-49]. Issues in
patient engagement and frequency of contacts have also been
noted in mobile research [11,50]. This may be attributed to
actual decreases in self-management activities or may be due
to individuals becoming more self-aware of their daily
behaviorg health status due to self-monitoring and education
from CDE and as such becoming less reliant on the need to
self-monitor via intervention platforms. This potential effect
requires further examination.

Intervention patients in our study were not provided with any
education or training on how to use the Glucose Buddy
smartphone application or website. Previous diabetes
telemedicine studies have documented education and training
sessions provided to intervention patients on the use of the
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technology under investigation. These training sessions ranged
from 15 minutes[51], 1 hour [39,44,52], 6 hours[53], and even
1 day [38,54]. Given the high usage of the application in
combination with providing no training on how to use it, it is
likely that the design and usability of the application were not
barriers to usage. Research has shown that to be competitive
and encourage uptake and long-term adoption, smartphone
applications should be intuitive and user-friendly [55-60]. This
is especially relevant when investigating the effectiveness of
smartphone applicationsto improve self-carein type 1 diabetes
patients; it is a disease with no endpoint, requiring long-term
self-management that can only be facilitated by user-friendly
applications.

Thereismuch enthusiasm from researchers concerning real-time
feedback using mobiletechnology to assist patientswith diabetes
self-management [2,61-63]. It has been espoused that the future
role of smartphonesin diabetes care relatesto providing patients
with sophisticated applications that automatically upload blood
glucose levelsfrom glucometers and provides systematic advice
concerning insulin dosage—perhaps sending this information
wirelessly to aninsulin pump. Indeed, smartphone applications
hold great potential for taking diabetes self-management to a
new level. We do not dispute that automation of the process
may decrease the burden on patients compared to manual entry.
However, we would argue that there is till value in manual
entry of glucose levels, insulin, diet, and physical activity,
despite being onerous. Problem solving is a core component of
diabetes self-management [64] and, if all facets of measurement
are automated, this may actually result in less awareness and
thusless reflection by the patient on their condition; this might
paradoxically lead to poorer self-management and negative
clinical outcomes in the long term, with the added risk that a
failure of the automated technology (eg, empty battery) might
lead to panic and wrong decisions taken by patients.
Additionally, the devel opment of decision-support systems[65],
although designed using medical information and clinical
guidelines, is focused on reducing the practitioner element in
the feedback process. Asoutlined in arecent review on mobile
intervention design in diabetes [10], those studies that had the
greatest impact on HbA ;. made use of clinician involvement
and feedback. Theimportance of the human element should not
be discounted.

Limitations

There are limitations to our study that should be noted. First,
this study was arandomized controlled trial with asmall sample
conducted over ashort duration. Dueto the dropout of patients,
the study may not have been powered sufficiently to detect
differences between groupsfor the secondary outcome measures.
Second, there were differences in glycemic control and gender
between groups at baseline. Third, although patients in the
control group wereinstructed not to use any mobile applications
to self-manage their diabetes during the study period, it is
possible they did.

Conclusions

Despite these limitations, we did find that integrating a
smartphone application into secondary care was effective in
improving glycemic control in patients with type 1 diabetes.
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Our findings can be applied to adults with poorly controlled over a longer duration need to be conducted to validate our
type 1 diabetes that own a smartphone, though larger studies findings.
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Abstract

Background: Daily self-monitoring of diet and physica activity behaviors is a strong predictor of weight loss success. Text
messaging holds promise as a viable self-monitoring modality, particularly among racial/ethnic minority populations.

Objective: Thispilot study evaluated the feasibility of atext messaging intervention for weight loss among predominantly black
women.

Methods: Fifty obese women were randomized to either a 6-month intervention using a fully automated system that included
daily text messages for self-monitoring tailored behavioral goals (eg, 10,000 steps per day, no sugary drinks) along with brief
feedback and tips (n=26) or to an education control arm (n=24). Weight was objectively measured at baseline and at 6 months.
Adherence was defined as the proportion of text messages received in response to self-monitoring prompts.

Results: Theaverage daily text messaging adherence rate was 49% (SD 27.9) with 85% (22/26) texting self-monitored behavioral
goals 2 or more days per week. Approximately 70% (16/23) strongly agreed that daily texting was easy and helpful and 76%
(16/21) felt the frequency of texting was appropriate. At 6 months, the intervention arm lost a mean of 1.27 kg (SD 6.51), and
the control arm gained a mean of 1.14 kg (SD 2.53; mean difference —2.41 kg, 95% Cl —5.22 to 0.39; P=.09). There was atrend
toward greater text messaging adherence being associated with greater percent weight loss (r=—36; P=.08), but thisdid not reach
statistical significance. There was no significant association between goa attainment and text messaging adherence and no
significant predictors of adherence.

Conclusions: Given theincreasing penetration of mobile devices, text messaging may be auseful self-monitoring tool for weight
control, particularly among populations most in need of intervention.

Trial Registration: Clinicaltrials.gov: NCT00939081; http://clinicaltrials.gov/show/NCT00939081 (Archived by WebCite at
http://www.webcitation.org/6Killcnk1).

(J Med Internet Res 2013;15(11):€244) doi:10.2196/jmir.2844
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Introduction

Steinberg et al

Methods

Regular self-monitoring of diet and physical activity behaviors
is one of the strongest predictors of weight loss success [1,2].
Self-monitoring likely improves weight loss outcomes by
activating a host of self-regulatory mechanisms. Regular
self-monitoring might enhance self-efficacy, improve
accountability, and facilitate awareness of how behaviors affect
weight [3]. Weight loss interventions have traditionally used
paper-based self-monitoring methods. However, long-term
adherence to this approach is poor [1,4], possibly because
paper-based methods are time- and labor-intensive, require
extensive numeracy and literacy skills, and can be perceived as
burdensome [5]. What is concerning is that poor adherence
adversely affects weight loss outcomes [1]. In contrast,
electronic health (eHealth) self-monitoring approachesinclude
features (eg, prompts, real-time data collection, data-driven
feedback, asynchronous communication) that may decrease
participant burden and increase adherence [6]. Indeed, evidence
does show that electronic self-monitoring via either Web or
mobile devices produces greater adherence over traditional
paper-and-pencil methods[4,7,8] and improves attitudestoward
self-monitoring behaviors [9].

Text messaging shows promise as an alternative eHealth
self-monitoring approach [10] and offers several advantages
compared to other eHealth modalities (eg, Web, interactive
voice response). Data can be entered quickly on nearly all
mobile phone platforms, making it portable, proximal to actual
behaviors, and more accessible for providing tailored feedback
[11]. Additionally, text messaging has been conventionally
limited to 160 characters (approximately 15-20 words) per
message, limiting the detail and cognitive load that is required.
Thus, text messaging may be a viable and sustainable
self-monitoring modality.

Text messaging has become ubiquitous[12], particularly among
racial/ethnic minority groups [13]. Recent studies show that
racial/ethnic minorities are more likely than white individuals
to own mobile phones [13]. The high familiarity with and
penetration of mobile technologies makes text messaging an
ideal intervention platform among these populations. This is
notable because we have few interventions that produce
clinically meaningful weight loss outcomes among racial/ethnic
minority populations [14-16], those with the highest rates of
obesity. Black women, in particular, have alarmingly high rates
of obesity as compared with other gender and racial/ethnic
groups. 59% of black women are obese versus 36% in the
general US population [17]. However, littleis known about the
use of text messaging for self-monitoring weight control
behaviors in this population. The purpose of this pilot study
was to evaluate the feasibility of daily text messaging for
self-monitoring behavioral goals for weight loss among
predominantly obese black women. Our secondary aim wasto
evaluate the effects of theintervention on weight changerelative
to an education control arm.

http://www.jmir.org/2013/11/e244/

Participants
We recruited women aged 25-50 years, with abody massindex

(BMI) greater than or equal to 25 kg/m?. Other inclusion criteria
were willingness to (1) come to al study assessments over 6
months, (2) use a personal cell phone to send and receive up to
5 texts per day for 6 months without compensation for the text
messages, and (3) be randomized into either treatment arm.
Exclusion criteria included pregnancy or planned pregnancy
within the next 6 months and a history of myocardial infarction
or stroke within the past 2 years.

Recruitment and Randomization

We partnered with a nonprofit church-based community
wellness organization located in Raleigh, NC to recruit
participants. The wellness organization provided the location
for enrollment events and aided in recruitment by advertising
the study in common spaces and during community meetings
and church services. Additional recruitment was conducted in
the surrounding community via flyers posted in neighborhood
businesses and outreach to adultsin the areawho had expressed
interest in weight loss research trials. Recruitment took place
between June and September 2010.

Interested participants visited astudy websiteto completeinitial
eligibility screening that assessed self-reported age, gender,
height, weight, and race (American Indian or Alaska Native,
Asian, black or African American, Native Hawaiian or other
Pecific Islander, white, or other). Eligible participants were then
invited to an in-person enrollment event. I neligible participants
were directed to a website where they could access publicly
available weight loss information. At the enrollment events,
study staff obtained informed consent and collected baseline
anthropometric and survey measures. Participants were then
randomized to the intervention arm or the education control
arm using acomputer-generated al gorithm. Because of the pilot
nature of this study, participantswere re-evaluated at 6 months,
with no additional study visits. Participants received aUS $35
gift card to alocal store as an incentive for participation. The
Duke University Ingtitutional Review Board approved this study.

Intervention Arm

Overview

Theintervention (Shape Plan) included daily tracking of tailored
behavior change goal s through text messaging and personalized
daily and weekly feedback via text messaging and email,
respectively. Participants al so received information sheets about
behavioral goals, a pedometer, 2 face-to-face group sessions,
and a skillstraining DVD.

Behavior Change Goals

Behavior change goals were determined using the interactive
obesity treatment approach (iOTA) [18-20], a theory-based
approach whereby participants are assigned an individualized
set of routine lifestyle behavior change goals and directed to
change them to create an energy deficit sufficient to produce
weight change. Lifestyle behavior change goals are assigned
based on an algorithm that considers participants need and
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self-efficacy around changing behaviors, aswell asthe expected
caloric deficit. The iOTA library (Textbox 1) contains 12
obesogenic behaviors framed as goalsto create a cal oric deficit
for weight loss (eg, no sugary drinks, walking 7000 steps per
day, no fast food) that were sel ected based on their (1) empirical
support, (2) population relevance, (3) ease of self-monitoring,
and (4) concreteness. Participants were assigned new goals at
3 months to introduce novelty, maintain motivation, and
facilitate goal mastery.

Textbox 1. List of iOTA behavioral goals.

Steinberg et al

At baseline, theiOTA algorithm ranked behavior change goals
for intervention participants. Participants were instructed to
self-monitor the 2 top goalsdaily for 12 weeks. All intervention
participants also received awalking goal of at least 7000 steps
every day. The physical activity goa increased based on
participants’ performance, up to 10,000 steps per day. The
survey wasre-administered at 3 months and updated goalswere
assigned using the same algorithm.

«  Walk 7000/8000/10,000 steps every day

« Nosugary drinks

«  Eat5or morefruits and vegetables every day
«  No chips, cookies, or candy

o  Switchto low-fat dairy

« Nofast food

«  Eat breakfast every day

«  Watch no more than 2 hours of TV every day
o Nofried food

o Nosnacks or dessert after dinner

« Nomorethan 1 acoholic drink per day

«  Eat red meat no more than once a week

I nformation Sessions

At the baseline enroliment event, Shape Plan participants
received a group-based orientation to the intervention led by
community health educators experienced in delivering
information on weight control. The orientation included areview
of theiOTA goals, calorie balance, a demonstration of the text
messaging self-monitoring and feedback, and an action planning
session. Goal setting and text messaging monitoring began the
following day. At 3 months, in an effort to reduce the number
of face-to-face meetings, participants received a set of videos
with skillstraining information on topics such as healthy eating
patterns, eating cues, recognizing hunger, problem solving to
meet goals, goal setting, exercise tips, and safety and action
planning for the upcoming Shape Plan goals. At 6 months,
participants received another hour-long group face-to-face
session that focused on problem solving, assessment of overall
progress, and tips for maintaining behavior changes.

Self-Monitoring and Feedback Through Text Messaging

The text messaging protocol included 1 daily morning text
message at 8:00 am, which asked participants to report
performance on their goals from the previous day (eg, “How
many steps did you walk yesterday?’;Figure 1). Although
immedi ate self-monitoring was encouraged, participants could
respond any time until 7:59 am the next day. Any responses
received within the 24-hour window after the outbound text
message was sent were counted as asuccessful self-monitoring
response. A score was assigned to each goal based on
self-monitoring data received from participants. For example,
if a participant was working on the no sugary drinks goal, a

http://www.jmir.org/2013/11/e244/

score of 10 was given if the participant entered O drinks that
day, ascoreof 5if the participant reported 2 drinks, and ascore
of 1if =5 drinkswas entered. Conversely, if the goal wasto eat
5 or more fruits and vegetables, a score of 10 was given if the
participant entered =5 fruits and vegetables for that day, and a
scoreof 1if aparticipant reported eating O fruits and vegetables
that day. A summary score was then calculated for all 3 goals
together, with higher scores indicative of high overal goal
attainment (range 1-10). A feedback message was sent via an
automated system based on the summary score, along with
relative feedback based on the previous day of self-monitoring
(eg, “You're doing better than yesterday—qreat job!” or “You
did worse than last time. Let's turn this dip around”) and
specific tips on how to change low-scoring goals (eg, “Try
flavored seltzer water instead of regular soda’ or “Try dliced
bell peppers as a snack”). Messaging content was based on
previous studies conducted using the iOTA approach in this
population [19-22]. Rigoroustesting of the logic was compl eted
before the start of the intervention, and continuous quality
checks were performed to ensure fidelity to protocol.

Additionally, Shape Plan participants received a weekly
automated email on Sundayswith asummary of their progress.
Participantswith at least 3 days of self-monitoring datareceived
a weekly email with personalized feedback that included a
summary of goal attainment and a graph of progress over the
previousweek. For participants with low adherence (3 or fewer
textsin 1 week), the email did not include asummary, but rather
acted as aprompt to improve adherence (eg, “\We only received
2 text messages from you thisweek. In order for you to be most
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successful losing weight in Shape Plan, you should track your
numbers and send us atext every day”).

Education Control Arm

To control for contact and isolate the behavior change goals,
self-monitoring via text messaging and feedback, participants
randomized to the education control arm received (1) 2 in-person
group education sessions, one at baseline and another at 6
months; (2) aset of videos at 3 monthsthat covered topics such
as hedlthy eating patterns, eating cues, recognizing hunger,
exercise recommendations, and how to read a nutrition facts
food label; (3) pedometers; and (4) a “prescription” to walk
10,000 steps per day. Control arm participants received no text
messaging during the study period, but had the option to receive
a 3-month version of the text messaging intervention after the
study was compl ete.

M easures

Demographic Characteristics

At baseline, a variety of sociodemographic variables were
collected through an online survey to characterize the sample,
including age, race/ethnicity, household income, education,
marital status, and employment.

Sdlf-Monitoring Adherence

A study database collected and stored text messaging
self-monitoring data. Adherence was defined as the proportion
of self-monitoring texts received of the number expected over
the 6-month period (N=167). We examined total adherenceand
adherence by study week.

Figure 1. Screenshot of self-monitoring via text message with feedback.
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Anthropometrics

At baseline and 6 months, trained staff measured participant
heights to the nearest 0.1 cm using a calibrated stadiometer
(Seca 214). Weights were measured to the nearest 0.1 kg using
an electronic scale (Seca Model 876) [23].

Program Satisfaction

At 6 months, intervention participants completed a 23-item
online questionnaire to assess intervention satisfaction. Using
a 4-point Likert scale with response options ranging from
strongly agree (=4) to strongly disagree (=1), participants rated
whether they found daily self-monitoring through text messaging
to be easy, helpful overal, helpful for increasing daily steps,
and important. Similarly, participants reported whether daily
text messages were the appropriate frequency and whether they
were satisfied with the feedback received via text messaging.

Statistical Analyses

We used chi-square tests and t tests to examine differences in
baseline characteristics between study arms. Similar tests were
used to describe the average rate of text messaging adherence
and the proportion of participants who achieved various
thresholds of self-monitoring adherence. We used intent-to-treat
analyses, with baselineweight carried forward for missing data.
Thet testswere used to examine absol ute weight change, percent
weight loss, and BMI change between study arms, and ANOVA

was conducted to examine goal attainment and weight change
acrosstertiles of self-monitoring adherence. Pearson correlation
testswere conducted to examine the overal | association between
text messaging adherence and goal attainment and weight loss.
Analyses were conducted using SPSS ver 19 for Mac (IBM

Corp, Armonk, NY, USA). All tests were 2-tailed and an alpha
level <.05 was used to assess statistical significance.

Contact >

iMessage

Apr 8, 2013, 11:38 AM

SHAPE: Please text

yesterday's: # steps, #
sugary drinks, if u watched

more than 2 hrs TV.

Separate with commas

(ex: 6124, 3, y)

Delivered

Your scoreis 7. You're

doing better than

yesterday. Keep up the
good work! Try adding

lemon to ur water.

(516

) G
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Results

Enrollment and Retention

Figure 2 outlines the study enrollment and retention flow. A
total of 149 individuals were deemed eligible from the online
screener. The total number screened via the study website is

Figure 2. Flowchart of participant enrollment and retention in the study.
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not known. Of thoseinitially eligible, 2 wereineligible because
of BMI and 97 did not attend the enrollment event. In all, 50
participants were randomized to either the Shape Plan
intervention (n=26) or the control (n=24) arm. At 6 months,
90% (45/50) of participants attended the 6-month follow-up
assessment visit. There were no significant differences in
attrition between study arms.

Eligible from

(n=149)

online survey

2 ineligible due to BMI < 25 kg/m?
97 did not show up for in-person enrollment

Patient enrollment

\4

event

A

y

Randomized (N=50)

/

\

Allocation 26 allocated to “Shape Plan” intervention 24 allocated to education control
Y Y
Follow-u 25 completed 6-month assessment 20 completed 6-month assessment
p 1 was lost to follow-up 4 were lost to follow-up
\ 4 \4
Analysis 26 included in primary analysis 24 included in primary analysis

Baseline Characteristics
Mean age of participants was 38.3 years (SD 8.2). Participants

were obese (BMI mean 35.8 kg/m?, SD 6.1), and had an average
weight of 99.1 kg (SD 20.0) (Table 1). Participants were
predominantly black (82%, 41/50), employed (82%, 41/50),
and college educated (64%, 32/50). Approximately one-third
of the sample (32%, 16/50) had an annual income lessthan US
$40,000 and 50% (25/50) were married or living with apartner.
There were no significant differences between armswith regard
to baseline sociodemographic characteristics.

Text Messaging Adherence

Figure 3 shows the text messaging self-monitoring compl etion
rates over time by study week. Among all randomized
intervention participants (n=26), the daily text messaging
adherence rate was 49% (SD 28, IQR 27%-78%). Most
participants (58%, 15/26) texted at least 3 days each week and
85% (22/26) texted at least 2 days per week, on average. There
were no significant predictors of adherence. During the study,

http://www.jmir.org/2013/11/e244/

8 participants demonstrated nonusage attrition [24], requesting
to cease intervention participation before the end of thetrial for
a host of reasons (eg, cost of text messaging, change in phone
service, not interested in continued participation). Excluding
these 8 participants, the adherence rate was 54% (SD 25), and
we similarly found no significant predictors of adherence.

The mean daily goa attainment score over the 6-month
intervention period was 6.3 (SD 2.8, IQR 4.0-8.2), indicating
moderate-high adherence to behavioral goas. Similarly, the
mean number of steps reported was 4994 (SD 2741, IQR
3016-6489). There was no significant correlation between
average goa attainment score and text messaging adherence
(r=.24; P=.25) or mean number of steps reported and text
messaging adherence (r=.33; P=.11). However, when examining
tertiles of adherence, there was atrend toward greater adherence
being associated with greater step counts, although this did not
reach statistical significance (tertile 1: mean 3958, SD 2698;
tertile 2: mean 4174, SD 1902; tertile 3: mean 6481, SD 2895;
P=.09).
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Table 1. Baseline characteristics of participants by study arm.
Characteristic Total Control Shape Plan
(N=50) (n=24) (n=26)
Marital status, n (%)
Married or living with a partner 25 (50) 9(38) 16 (62)
Divorced/separated or never married 25 (50) 15 (62) 10(38)
Employment, n (%)
Employed 41 (82) 19 (79) 22 (85)
Unemployed 9(18) 5(21) 4 (15)
Education, n (%)
4 year college degree or higher 32 (64) 15 (62) 17 (65)
Less than a4 year college degree 18 (36) 9(398) 9(35)
Race/ethnicity, n (%)
Non-Hispanic black 41 (82) 18 (75) 23 (88)
Non-Hispanic other 9(18) 6 (25) 3(12)
Household income (US $), n (%)
<40,000 16 (32) 9(39) 7(27)
40,000-69,999 18 (36) 7(29) 11 (42)
=70,000 16 (32) 8(33) 8(31)
Age (years), mean (SD) 38.3(8.2) 39.0 (9.0) 37.6 (7.4)
Weight (kg), mean (SD) 99.1 (20.0) 96.0(23.1) 102.0 (16.6)
BMI (kg/m?), mean (SD) 35.8(6.1) 346 (5.9) 36.9(6.2)

Figure 3. Adherence to daily self-monitoring viatext message by study week (n=26).
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I ntervention Satisfaction

At 6 months, most participants strongly agreed that texting was
easy (70%, 16/23) and helpful (68%, 15/22), and 76% (16/21)
either somewhat or strongly agreed that the text messages hel ped
them increase the number of daily steps walked. Almost
three-quarters of participants (71%, 15/21) reported that it took

http://www.jmir.org/2013/11/e244/

RenderX

less than 3 minutes to reply to texts and most (79%, 15/19)
responded to prompts for self-monitoring via text message in
the morning. More than half (57%, 12/21) felt that receiving
daily textswas very important and approximately three-quarters
of participants (76%, 16/21) felt the frequency of texting was
appropriate. Most (82%, 18/22) were satisfied with the feedback
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content they received via text messaging and 62% (13/21) felt
the feedback was very important.

Weight Change

Table 2 highlights changes in weight and BMI between study
arms. At 6 months, using intent-to-treat analyses (N=50),
participants randomized to the control arm gained a mean of
1.14 kg (SD 2.53), whereas intervention participantslost amean
of 1.27 kg (SD 6.51). The mean difference was—2.41 kg (95%
Cl -5.22t0 0.39; P=.09). This equates to a percent weight loss
of 0.97% (SD 5.35) in the intervention arm, which was
marginally higher than again of 1.32% (SD 2.77) in the control

Steinberg et al

arm (mean difference —2.29, 95% CI —4.74 to 0.16; P=.06).
There were no significant differences between armswith regard
to changes in BMI. Similar results were found when we
restricted the sample to study completers only (n=45). There
were no significant correlations between adherence to text
messaging and change in weight or BMI. However, there was
a trend toward greater text messaging adherence being
associated with greater percent weight loss (r = —.36; P=.08),
but this did not reach statistical significance. Similarly, there
were no differences in weight outcomes by tertiles of text
messaging adherence (data not shown).

Table 2. Changein weight and body massindex (BMI) between baseline and 6 months by study group (N=50).

Weight change variables Control, mean (SD) Shape Plan, mean (SD) Mean difference (95% Cl) P value
(n=24) (n=26)

Change in weight (kg) 1.14 (2.53) —-1.27 (6.51) —2.41(-5.22,0.39) .09

Percent weight loss (%) 1.32(2.77) -0.97 (5.35) —2.29(-4.70, 0.12) .06

Changein BMI (kg/m?) 0.42 (0.90) —0.47 (2.42) -0.89(-1.93,0.15) .09

Discussion

Principal Findings

In this pilot study, we found that daily text messaging for
behavioral self-monitoring is both feasible and positively
perceived. Approximately half of participants were fully
adherent to daily self-monitoring through text messages during
the 6-month study and 84% stayed active in the intervention
throughout the study period. In contrast to previous studiesthat
included paper-based self-monitoring modes [5], most
participants felt that text messaging was helpful, easy, and
important for achieving their behavior change goals. Text
messaging has major advantages relative to other approaches.
It has high familiarity and a greater potentia for broad reach,
particularly among racial/ethnic minority populations. Despite
theintervention having only amarginal effect on weight change,
these results indicate that text messaging may be a viable way
to collect self-monitoring dataand deliver intervention feedback
and skills training.

The eHealth and mobile health (mHealth) approaches to
self-monitoring offer numerous advantages over traditional
approaches. Self-monitoring via text messaging is cheaper,
easier to program, and more proximal to behavior changes as
compared to paper-based and Web-based self-monitoring. Both
eHealth and mHealth self-monitoring strategies seem not to
exhibit the same steep decline typically seenin self-monitoring
adherence [1,6,11] particularly when feedback is provided in
response to self-monitoring [4,25]. The current pilot study
provided immediate feedback in response to text messaging
self-monitoring and found that most participants reported high
satisfaction with this feedback. Providing feedback via text
messaging may offer particular benefits over other modalities.
However, feedback can only be sent when participants provide
self-monitoring data; thus, finding ways to enhance adherence
remains important.

http://www.jmir.org/2013/11/e244/

What participants are self-monitoring may be as important to
adherence as how they are self-monitoring. Typical
self-monitoring behaviorsinclude detailed reports of food intake,
including portion size, and calorie and fat content. Although
effective, self-monitoring of this type exhibits poor adherence
[4,6]. Our pilot study, in contrast, included simple and discrete
self-monitoring of behavior change goals associated with weight
loss (eg, no sugary drinks, no fried food). Self-monitoring of
specific behaviors rather than detailed dietary records may be
less burdensome and more fitting for delivery via text
messaging. Indeed, we found high satisfaction with our
approach, adherence rates comparable to Web-based
self-monitoring approaches[7,26], and atrend toward a positive
association between adherence and weight loss. Whether text
messaging for self-monitoring is more effective for weight
change compared to other eHealth or paper-based approaches
isnot clear. Trials examining the comparative efficacy of these
different modes are necessary.

To date, our weight loss outcomes are similar to those of other
text messaging trials [27-29]. Most of these trials used text
messaging to deliver skills training information and feedback
via outbound messages. We are aware of only 1 trial that used
text messaging to monitor behaviors and provide feedback. In
their Text4Diet trial, Shapiro et al [29] tested an intervention
that asked participants to self-monitor daily pedometer steps
and weekly body weight. The intervention sent up to 4 text
messages per day for 12 monthsthat included personalized tips
for eating behaviors, reminders, educational facts, motivational
messages, knowledge-based questions, and feedback in response
to self-monitoring data. After 12 months, the intervention arm
lost 1.65 kg, but there were no significant differences between
treatment arms.

Our pilot study used text messaging to collect self-monitoring
data on diet and physical activity behaviors, but we did not
gather data on body weight or include any type of coaching
support. This may have affected the weight losses achieved
because body weight self-monitoring has been shown to be
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effective in the absence of self-monitoring of other behaviors
[30]. Haapalaand colleagues [28] emphasized cal orie counting
and used body weight to adjust calorie goals, which may have
resulted in larger weight loss outcomes. By contrast, the Shape
Plan study focused on engagement in behaviors known to
produce a caloric deficit (eg, switching from high-fat dairy to
low-fat dairy) rather than calorie counting to achieve weight
loss. Long-term, we hypothesize that our approach may have
greater potential for sustainability because calorie counting is
cognitively complex and may not be suitable for populations
with lower levels of education. However, this may come with
some cost to the magnitude of weight loss.

Black women have the highest prevalence of obesity compared
to any other group [17] and achieving clinically meaningful
weight loss among this group has been particularly challenging
[16]. Across numerous studies, black women achieved smaller
weight losses compared to other groups and most did not lose
more than 4 kg [15]. These results indicate a need for new
obesity treatment approachesfor black women that are relevant,
effective, and sustainable. In the current study, we found that
therewasatrend toward asmall weight lossamong intervention
participants and asmall weight gain among control participants.
Although our study focused on weight loss, this low-intensity
approach may be helpful for staving off premenopausal weight
gain that iscommon among black women and higher than other
racial/ethnic groups [31,32]. Given the high satisfaction with
text messaging for self-monitoring and comparable adherence
ranges, future research might include this modality along with
brief coaching cals in an effort to enhance weight loss
outcomes.

Additionally, mobile phone useis high among blacks, and black
individuals are more likely than white individuals are to use
mobile phones to look for health or medical information [33].
Previous studies testing text messaging as a self-monitoring
tool for weight lossincluded predominantly white sampleswith
greater sociodemographic advantage. One exception isarecent
trial that was short in duration, but found a positive association
between text messaging for self-monitoring and walking among
an older, black, and predominantly female sample [34]. These
findings are consistent with our study and further confirm that
thismodality isfeasible for behavior change, with the potential
for broad reach.

Strengths and Limitations

This study has severa strengths. Most of our sample (82%)
were black women, which isagroup typically underrepresented
in weight control research. Although a strength of our study,
thefindings may not generalize to other populations and settings.
The goa of this study was to test the feasibility of text
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messaging for self-monitoring through a low-intensity weight
lossintervention among an understudied popul ation. Weisolated
the impact of text messaging self-monitoring along with
feedback with a control arm that received comparable group
information sessions and the use of a pedometer. This study
also has some limitations worth mentioning. A few participants
(n=8) experienced barriersto participation, such as cost of text
messaging and disconnected cell phone service, or they were
no longer interested in participating. Although providing phones
and/or text messaging plans may have enhanced our adherence
rates, the use of personal cell phones provides insight into the
“real world” feasibility of text messaging for weight control
and improves the generalizability of the intervention.

Although comparable to other eHealth weight control
interventions, higher adherence rates are needed to produce
greater weight losses. This pilot study was low intensity and
did not include any contact with study staff outside the
assessment visits. Our main goal was to assess the feasibility
of using text messaging for self-monitoring behavioral goals
among a predominantly racial/ethnic minority population. To
enhance adherence, future studies using this approach might
also include daily tracking of weight and provide feedback on
weight loss progress via text message. More frequent skills
training through monthly videos may also boost adherence rates.
Including elements of accountability and support (eg, monthly
coaching callswith alifestyle counselor) can also be an effective
way to enhance adherence, but including these components will
increase intensity and make it more difficult to ascertain the
independent effects of the text messaging. Given that this was
apilot study, the small sample size limited our power to assess
whether thisintervention led to significantly greater weight loss
as compared to an education control arm. Future studies should
examinethe efficacy of thisapproach with alarger sample size,
longer duration, and multiple measures throughout the study
period.

Conclusions

Text messaging holds promise as a self-monitoring modality
for weight control, particularly among groups most at risk for
obesity-related morbidities. Given that the majority of evidence
indicates that greater adherence leads to better outcomes, our
study suggests that mHeal th-based approachesto self-monitoring
may enhance engagement and reduce the burdens commonly
associated with other modes. Our intervention was relatively
low intensity and has greater potential for dissemination
compared to higher intensity interventions. As technology
penetration increases in the target population, the use of this
modality will become increasingly relevant and helpful as an
intervention tool for weight control.

Theauthorswould like to thank the support received by Rachel Kroll Bordognaand staff at the Duke Obesity Prevention Program,
particularly Michele Lanpher, Daniel Dix, and Jade Miller. We are also grateful to the community organization, Diversified
Resources for Better Living, that was pivotal in helping recruit our participants. Lastly, we would like to thank the women
participating in the Shape Plan. Thistrial was funded by grant K22CA 126992 awarded to Dr Gary Bennett.

http://www.jmir.org/2013/11/e244/

JMed Internet Res 2013 | vol. 15 | iss. 11 [e244 | p.91
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Steinberg et al

Conflictsof Interest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH checklist V1.6.2 [35].

[PDF File (Adobe PDF File), 997KB - jmir_v15i11e244 appl.pdf ]

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. JAm Diet Assoc 2011
Jan;111(1):92-102 [FREE Full text] [doi: 10.1016/.jada.2010.10.008] [Medline: 21185970]

Sarwer DB, von Sydow Green A, Vetter ML, Wadden TA. Behavior therapy for obesity: where are we now? Curr Opin
Endocrinol Diabetes Obes 2009 Oct;16(5):347-352. [doi: 10.1097/M ED.0b013e32832f5a79] [Medline: 19623061]

Baker RC, Kirschenbaum DS. Self-monitoring may be necessary for successful weight control. Behavior Therapy 1993
Jun;24(3):377-394. [doi: 10.1016/S0005-7894(05)80212-6]

BurkeLE, Styn MA, Sereika SM, Conroy MB, YelL, Glanz K, et a. Using mHealth technol ogy to enhance self-monitoring
for weight loss: arandomized trial. Am J Prev Med 2012 Jul;43(1):20-26. [doi: 10.1016/j.amepre.2012.03.016] [Medline:
22704741]

Burke LE, Swigart V, Warziski Turk M, Derro N, Ewing LJ. Experiences of self-monitoring: successes and strugglesduring
treatment for weight loss. Qual Health Res 2009 Jun;19(6):815-828 [FREE Full text] [doi: 10.1177/1049732309335395]
[Medline: 19365099]

CoonsMJ, Roehrig M, Spring B. The potential of virtual reality technologiesto improve adherence to weight loss behaviors.
JDiabetes Sci Technol 2011 Mar;5(2):340-344 [FREE Full text] [Medline: 21527103]

Tate DF, Jackvony EH, Wing RR. A randomized trial comparing human e-mail counseling, computer-automated tailored
counseling, and no counseling in an Internet weight loss program. Arch Intern Med 2006;166(15):1620-1625. [doi:
10.100V/archinte.166.15.1620] [Medline: 16908795]

Beasley IM, Riley WT, Davis A, Singh J. Evaluation of a PDA-based dietary assessment and intervention program: a
randomized controlled trial. JAm Coll Nutr 2008 Apr;27(2):280-286. [Medline: 18689560]

Glanz K, Murphy S, Moylan J, Evensen D, Curb JD. Improving dietary self-monitoring and adherence with hand-held
computers: a pilot study. Am J Health Promot 2006;20(3):165-170. [Medline: 16422134]

Fjeldsoe BS, Marshall AL, Miller Y D. Behavior changeinterventions delivered by mobile tel ephone short-message service.
Am JPrev Med 2009 Feb;36(2):165-173. [doi: 10.1016/j.amepre.2008.09.040] [Medline: 19135907]

Shaw R, Bosworth H. Short message service (SM S) text messaging as an intervention medium for weight loss: A literature
review. Health Informatics J 2012 Dec;18(4):235-250. [doi: 10.1177/1460458212442422] [Medline; 23257055]

Smith A. Mobile Access 2010. Washington, DC: Pew Internet & American Life Project; 2010 Jul 10. URL: http://www.
pewinternet.org/Reports/2010/M obile-A ccess-2010.aspx [accessed 2013-10-22] [WebCite Cache ID 6KZ9iKjD3]

Smith A. Technology trends among people of color. Washington, DC: Pew Internet & American Life Project; 2010 Sep
17. URL: http://www.pewinternet.org/ Commentary/2010/September/Technol ogy-Trends-Among-People-of - Col or.aspx
[accessed 2013-10-22] [WebCite Cache ID 6KZAig09N]

Yancey AK, Kumanyika SK, Ponce NA, McCarthy WJ, Fielding JE, Leslie JP, et a. Population-based interventions
engaging communities of color in healthy eating and active living: areview. Prev Chronic Dis 2004 Jan;1(1):A09 [FREE
Full text] [Medline: 15634371]

Osei-Assibey G, Kyrou |, Adi Y, Kumar S, Matyka K. Dietary and lifestyle interventions for weight management in adults
from minority ethnic/non-White groups: a systematic review. Obes Rev 2010 Nov;11(11):769-776. [doi:
10.1111/j.1467-789X.2009.00695.x] [Medline: 20059708]

Kumanyika SK, Gary TL, Lancaster KJ, Samuel-Hodge CD, Banks-Wallace J, Beech BM, et al. Achieving healthy weight
in African-American communities: research perspectives and priorities. Obes Res 2005 Dec;13(12):2037-2047. [doi:
10.1038/0by.2005.251] [Medline: 16421334]

Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trendsin the distribution of body massindex among
US adults, 1999-2010. AMA 2012 Feb 1;307(5):491-497. [doi: 10.1001/jama.2012.39] [Medline: 22253363]

Bennett GG, Herring SJ, Puleo E, Stein EK, Emmons KM, Gillman MW. Web-based weight lossin primary care: a
randomized controlled trial. Obesity (Silver Spring) 2010 Feb;18(2):308-313. [doi: 10.1038/0by.2009.242] [Medline:
19696764]

Greaney ML, Quintiliani LM, Warner ET, King DK, EmmonsKM, Colditz GA, et al. Weight Management Among Patients
at Community Health Centers: The “Be Fit, Be Well” Study. Obesity and Weight Management 2009 Oct;5(5):222-228.
[doi: 10.1089/0be.2009.0507]

http://www.jmir.org/2013/11/e244/ JMed Internet Res 2013 | vol. 15 | iss. 11 [e244 | p.92

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i11e244_app1.pdf&filename=688e9fb989dd9d1aac1f2e91c919dd5f.pdf
https://jmir.org/api/download?alt_name=jmir_v15i11e244_app1.pdf&filename=688e9fb989dd9d1aac1f2e91c919dd5f.pdf
http://europepmc.org/abstract/MED/21185970
http://dx.doi.org/10.1016/j.jada.2010.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185970&dopt=Abstract
http://dx.doi.org/10.1097/MED.0b013e32832f5a79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19623061&dopt=Abstract
http://dx.doi.org/10.1016/S0005-7894(05)80212-6
http://dx.doi.org/10.1016/j.amepre.2012.03.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22704741&dopt=Abstract
http://europepmc.org/abstract/MED/19365099
http://dx.doi.org/10.1177/1049732309335395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19365099&dopt=Abstract
http://jdst.org/worldpress/index.php?s=Volume+5%2C+Issue+2%3A+340+2011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21527103&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.15.1620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16908795&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18689560&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16422134&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2008.09.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19135907&dopt=Abstract
http://dx.doi.org/10.1177/1460458212442422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23257055&dopt=Abstract
http://www.pewinternet.org/Reports/2010/Mobile-Access-2010.aspx
http://www.pewinternet.org/Reports/2010/Mobile-Access-2010.aspx
http://www.webcitation.org/6KZ9iKjD3
http://www.pewinternet.org/Commentary/2010/September/Technology-Trends-Among-People-of-Color.aspx
http://www.webcitation.org/6KZAiq09N
http://www.cdc.gov/pcd/issues/2004/jan/03_0012.htm
http://www.cdc.gov/pcd/issues/2004/jan/03_0012.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15634371&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2009.00695.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20059708&dopt=Abstract
http://dx.doi.org/10.1038/oby.2005.251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16421334&dopt=Abstract
http://dx.doi.org/10.1001/jama.2012.39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22253363&dopt=Abstract
http://dx.doi.org/10.1038/oby.2009.242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19696764&dopt=Abstract
http://dx.doi.org/10.1089/obe.2009.0507
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Steinberg et al

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Foley P, Levine E, Askew S, Puleo E, Whiteley J, Batch B, et al. Weight gain prevention among black women in the rural
community health center setting: the Shape Program. BMC Public Health 2012;12:305 [FREE Full text] [doi:
10.1186/1471-2458-12-305] [Medline: 22537222]

Bennett GG, Warner ET, Glasgow RE, Askew S, Goldman J, Ritzwoller DP, Be Fit, Be Well Study Investigators. Obesity
trestment for socioeconomically disadvantaged patientsin primary care practice. Arch Intern Med 2012 Apr 9;172(7):565-574.
[doi: 10.1001/archinternmed.2012.1] [Medline: 22412073]

Bennett GG, Foley P, Levine E, Whiteley J, Askew S, Steinberg DM, et al. Behavioral treatment for weight gain prevention
among black women in primary care practice: A randomized controlled trial. JAMA Intern Med 2013 Aug 26:[Epub ahead
of print]. [doi: 10.1001/jamainternmed.2013.9263]

CDC/Nationa Center for Health Statistics. Centers for Disease Control and Prevention. 2007. 2007-2008 National Health
and Nutrition Examination Survey (NHANES) URL: http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/
current_nhanes 07 _08.htm [accessed 2013-10-22] [WebCite Cache ID 6KZEL g7J5]

Eysenbach G. Thelaw of attrition. JMed Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

Turk MW, Elci OU, Wang J, Sereika SM, Ewing LJ, Acharya SD, et a. Self-Monitoring as a Mediator of Weight Lossin
the SMART Randomized Clinical Trial. Int JBehav Med 2012 Sep 1:1-6. [doi: 10.1007/s12529-012-9259-9] [Medline:
22936524]

Gold BC, Burke S, Pintauro S, Buzzell P, Harvey-Berino J. Weight loss on the web: A pilot study comparing a structured
behavioral intervention to acommercial program. Obesity (Silver Spring) 2007 Jan;15(1):155-164. [doi:
10.1038/0by.2007.520] [Medline: 17228043]

Patrick K, Raab F, Adams MA, Dillon L, Zabinski M, Rock CL, et al. A text message-based intervention for weight | oss:
randomized controlled trial. JMed Internet Res 2009;11(1):e1 [FREE Full text] [doi: 10.2196/jmir.1100] [Medline:
19141433]

Haapalal, Barengo NC, Biggs S, Surakka L, Manninen P. Weight loss by mobile phone: a 1-year effectiveness study.
Public Health Nutr 2009 Dec;12(12):2382-2391. [doi: 10.1017/S1368980009005230] [Medline: 19323865]

Shapiro JR, Koro T, Doran N, Thompson S, Sallis JF, CalfasK, et al. Text4Diet: arandomized controlled study using text
messaging for weight loss behaviors. Prev Med 2012 Nov;55(5):412-417. [doi: 10.1016/j.ypmed.2012.08.011] [Medline:
22944150Q]

Steinberg DM, Tate DF, Bennett GG, Ennett S, Samuel-Hodge C, Ward DS. The efficacy of adaily self-weighing weight
loss intervention using smart scales and email. Obesity 2013 March 20 Epub ahead of print . [doi: 10.1002/0by.20396]
Ailshire JA, House JS. The Unequal Burden of Weight Gain: An Intersectional Approach to Understanding Social Disparities
inBMI Trajectoriesfrom 1986 to 2001/2002. Soc Forces 2011 Dec;90(2):397-423 [FREE Full text] [doi: 10.1093/sf/sor001]
[Medline: 23413316]

Lewis CE, Jacobs DR, McCreath H, Kiefe Cl, Schreiner PJ, Smith DE, et al. Weight gain continues in the 1990s: 10-year
trends in weight and overweight from the CARDIA study. Coronary Artery Risk Development in Young Adults. Am J
Epidemiol 2000 Jun 15;151(12):1172-1181 [FREE Full text] [Medline: 10905529]

Fox S, Duggan M. Mobile Health 2012. Washington, DC: Pew Internet & American Life Project; 2012 Nov 08. URL: http:/
/www.pewinternet.org/~/medial/Files/Reports/2012/PIP_MaobileHealth2012_FINAL .pdf [accessed 2013-10-22] [WebCite
Cache ID 6KZAOgarq]

Kim BH, Glanz K. Text messaging to motivate walking in older African Americans: arandomized controlled trial. Am J
Prev Med 2013 Jan;44(1):71-75. [doi: 10.1016/j.amepre.2012.09.050] [Medline: 23253653]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e126 [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Abbreviations

BM1: body mass index

eHealth: electronic health

iOTA: interactive obesity treatment approach
mHealth: mobile health

http://www.jmir.org/2013/11/e244/ JMed Internet Res 2013 | vol. 15 | iss. 11 |e244 | p.93

(page number not for citation purposes)


http://www.biomedcentral.com/1471-2458/12/305
http://dx.doi.org/10.1186/1471-2458-12-305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22537222&dopt=Abstract
http://dx.doi.org/10.1001/archinternmed.2012.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22412073&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2013.9263
http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/current_nhanes_07_08.htm
http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/current_nhanes_07_08.htm
http://www.webcitation.org/6KZELg7J5
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://dx.doi.org/10.1007/s12529-012-9259-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22936524&dopt=Abstract
http://dx.doi.org/10.1038/oby.2007.520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17228043&dopt=Abstract
http://www.jmir.org/2009/1/e1/
http://dx.doi.org/10.2196/jmir.1100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19141433&dopt=Abstract
http://dx.doi.org/10.1017/S1368980009005230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19323865&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2012.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22944150&dopt=Abstract
http://dx.doi.org/10.1002/oby.20396
http://europepmc.org/abstract/MED/23413316
http://dx.doi.org/10.1093/sf/sor001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23413316&dopt=Abstract
http://aje.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10905529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10905529&dopt=Abstract
http://www.pewinternet.org/~/media//Files/Reports/2012/PIP_MobileHealth2012_FINAL.pdf
http://www.pewinternet.org/~/media//Files/Reports/2012/PIP_MobileHealth2012_FINAL.pdf
http://www.webcitation.org/6KZAOgarg
http://www.webcitation.org/6KZAOgarg
http://dx.doi.org/10.1016/j.amepre.2012.09.050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23253653&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Steinberg et al

Edited by G Eysenbach; submitted 23.07.13; peer-reviewed by K Wolin, B Davy; comments to author 19.09.13; revised version
received 09.10.13; accepted 13.10.13; published 18.11.13.

Please cite as:

Seinberg DM, Levine EL, Askew S, Foley P, Bennett GG

Daily Text Messaging for Weight Control Among Racial and Ethnic Minority Women: Randomized Controlled Pilot Study
J Med Internet Res 2013;15(11):€244

URL: http://www.jmir.org/2013/11/e244/

doi:10.2196/jmir.2844
PMID: 24246427

©Dori M Steinberg, Erical Levine, Sandy Askew, Perry Foley, Gary G Bennett. Originally published in the Journal of Medical
Internet Research (http://www.jmir.org), 18.11.2013. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly
cited. The complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright
and license information must be included.

http://www.jmir.org/2013/11/e244/ JMed Internet Res 2013 | vol. 15 |iss. 11 |e244 | p.94
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/11/e244/
http://dx.doi.org/10.2196/jmir.2844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24246427&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Greaveset a

Original Paper

Use of Sentiment Analysis for Capturing Patient Experience From
Free-Text Comments Posted Online

Felix Greaves™?, MBChB; Daniel Ramirez-Cano?, PhD; Christopher Millett', PhD; AraDarzi?, MD; Liam Donal dsor?,
MD

1Department of Primary Care and Public Health, Imperial College London, London, United Kingdom
2Centre for Hedlth Policy, Imperia College London, London, United Kingdom

Corresponding Author:

Felix Greaves, MBChB

Department of Primary Care and Public Health
Imperial College London

Charing Cross Hospital

London, W6 8RF

United Kingdom

Phone: 44 7866551172

Fax: 44 2075940584

Email: fg08@imperial .ac.uk

Abstract

Background: Therearelarge amountsof unstructured, free-text information about quality of health care available on the Internet
in blogs, social networks, and on physician rating websites that are not captured in a systematic way. New analytical techniques,
such as sentiment analysis, may allow us to understand and use thisinformation more effectively to improve the quality of health
care.

Objective: We attempted to use machine learning to understand patients' unstructured comments about their care. We used
sentiment analysis techniques to categorize online free-text comments by patients as either positive or negative descriptions of
their health care. Wetried to automatically predict whether a patient would recommend a hospital, whether the hospital was clean,
and whether they were treated with dignity from their free-text description, compared to the patient’s own quantitative rating of
their care.

Methods: We applied machine learning techniquesto all 6412 online comments about hospitals on the English National Health
Service website in 2010 using Weka data-mining software. We also compared the results obtained from sentiment analysis with
the paper-based national inpatient survey results at the hospital level using Spearman rank correlation for all 161 acute adult
hospital trustsin England.

Results:. There was 81%, 84%, and 89% agreement between quantitative ratings of care and those derived from free-text
comments using sentiment analysisfor cleanliness, being treated with dignity, and overall recommendation of hospital respectively
(kappa scores. .40-.74, P<.001 for all). We observed mild to moderate associations between our machine learning predictions
and responses to the large patient survey for the three categories examined (Spearman rho 0.37-0.51, P<.001 for all).

Conclusions: The prediction accuracy that we have achieved using this machine learning process suggests that we are able to
predict, from free-text, a reasonably accurate assessment of patients' opinion about different performance aspects of a hospital
and that these machine learning predictions are associated with results of more conventional surveys.

(J Med Internet Res 2013;15(11):€239) doi:10.2196/jmir.2721

KEYWORDS
Internet; patient experience; quality; machine learning

: health care quality [1,2]. Traditional measures of patient
Introduction experienceinclude surveys, and more recently, structured patient
Understanding patients’ experience of health care is central to  'ePOrted outcome measures. Such approaches ask specific and
the process of providing care and is a fundamental pillar of liMited questions, are conducted infrequently, and are often
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expensive to administer. Today’s patients have begun to report
their health care experience on the Internet in blogs, socia
networks, wikis, and on health care rating websites [3,4].
However, as this is largely unstructured, nonstandardized
free-text information, it is not captured in a systematic way.
Thisrepresents amissed opportunity for understanding patients
experience in an increasingly “connected” world. Survey data
in the United States suggest that 85% of adults use the Internet
[5], 25% have read someone else’s experience about health on
a website or blog, and 11% have consulted online reviews of
hospitals or other medical facilities[6].

Outside health care, natural language processing of large
datasets, including sentiment analysis and opinion mining, has
been critical to understanding consumer attributes and behaviors,
for example, in election forecasting [7,8]. Sentiment analysis
enables the content of natural language—the words we write
and speak—to be examined for positive and negative opinions
and emotion [9]. If applicable to health care, these analytical
methods could permit interpretation of textual information about
patient experience on a huge scale. This information, because
of its prose nature, has avoided the analytical spotlight of
conventional quantitative analysis. Alemi and colleagues have
proposed the use of sentiment analysis of comments asreal-time
patient surveys [10]. They have shown that patient comments
about specific doctors could be attributed with reasonable
accuracy to positive and negative sentiment. They further
suggest that capture of sentiment analysis should be compared
to traditional methods of assessing patient experience.

TheInformation Strategy for the National Health Service (NHS)
in England states that sentiment analysis of data could be a
novel source of information [11] that would be valuable for
patients in facilitating choice of hospitals. We tested this
assertion and furthered the work undertaken by Alemi and
colleagues, by analyzing alarge number of free-text comments
on the main NHS website (NHS Choices). Thiswebsite allows
patients to describe their treatment experiences at all hospitals
in England (and all other NHS-provided services). It is well
used, with around a million hits a day. Over a 2-year period,
each hospital had a mean average of 69 reviews [12]. These
reviewsinclude both free-text descriptions of general experience
and Likert-scale ratings of particular aspects of care. This
presents the opportunity for a natural experiment to assess the
accuracy of sentiment analysis techniques (applied to the
free-text comments) against the patients own quantitative
ratings. The NHS al so measures patient experience viaanational
survey of hospital inpatients. If sentiment analysis techniques
are to be considered as useful tools for assessing care quality,
it is important to see whether there is an association with
traditional measures of patient experience. We therefore
compare our sentiment analysis findings to the national patient
survey, at the hospital level.

Methods

Machine L earning From Patient Comments

We applied data processing techniquesto al the online free-text
comments about hospitals on the NHS Choiceswebsitein 2010.
Our purposewasto test whether we could automatically predict

http://www.jmir.org/2013/11/e239/
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patients views on a number of topics from their free-text
responses. A machine learning classification approach was
chosen in which an algorithm “learns’ to classify comments
into categoriesfrom agiven set of examples, using open-source
Weka datamining software. This software has been extensively
used in previous research and provides accurate classification
results, including in health care [13-15]. To test the accuracy
of the prediction, we compared our resultsto quantitative ratings
provided by the same individual patients on a Likert scale.
Free-text comments were examined in response to the questions:
“What | liked”, “What could have been improved”, and “Any
other comments”. A prediction was then made about whether
the patient would recommend the hospital or not, whether the
hospital was clean or dirty, and whether they were treated with
dignity and respect. The algorithm was trained using all
comments and ratings about hospitals left on the NHS Choices
website from 2008, 2009, and 2011 (13,802 in total) as a
learning set. Data from 2010 were used to test the predicting
accuracy of the process (6412 comments) because comparable
patient experience survey datawere available for that year. The
validation set represents 31.7% of the total sample available.
We performed asingle round of crossvalidation. All comments
left on the NHS Choices website were provided directly by the
Department of Health in England but have subsequently been
made publicly available [16].

Technical Aspectsof the MachineL earning Approach

The machine learning approach had two components: (1)
pre-processing, in which data from patient comments are split
into manageable unitsto build arepresentation of the data[17],
and (2) classification, in which an algorithm decides which
category each comment falls into. A consistent set of
methodologies was applied in our machine learning process,
including a “bag-of-words’ approach, “prior polarity”, and
“information gain”.

In the “bag-of-words’ approach, the total body of words
analyzed (known as the corpora) is represented as asimplified,
unordered collection of words[18]. For thisanalysis, unigrams
(single elements or words) and bigrams (two adjacent elements
in a string of tokens, in this case, a 2-word phrase) were used
as the basic units of analysis. We extracted 5695 n-grams in
total. Higher n-grams (longer phrases) could have been used,
but the constraints were computer power and processing time.
We a so included our own classification of certain wordsin the
machinelearning approach, known as* prior polarity”. The 1000
most common singlewords, and the 1000 most common 2-word
phrases were extracted from the complete set of commentsin
the corpora. Two researchersindependently rated the sentiment
of each as positive, negative, either, or neutral separately for
each of the three domains under consideration: (1) overall
recommendation, (2) cleanliness, and (3) dignity. Where
disagreements occurred, the sentiment was discussed and
resolved between the 2 researchers. Kappa statistics for overall
ratings were .76 for 1 word and .71 for 2-word phrases. For
rating of dignity, they were .71 for 1 word and .70 for 2 words.
For rating of cleanliness, they were .52 for 1 word and .48 for
2 words. For dl of these calculations, P<.001.
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A technique called “information gain” was used to reduce the
size of the bag-of-words by identifying those words with the
lowest certainty of belonging to agiven class, and then removing
them—this is an approach to feature selection [19]. This
improved the computation time and al so demonstrates the words
with highest predictive accuracy.

A number of different technical approaches can be taken to
classification in machine learning. We applied four different
methods, to see which gave the quickest and most accurate
results: (1) naive Bayes multinomials (NBM) [20], (2) decision
trees [21], (3) bagging [22], and (4) support vector machines
[23]. Decision trees and bagging were carried out with REPTree
in the Weka package. Support vector machines used an RBF
Kernel. The accuracy of the prediction was compared with the
patient’s own quantitative rating by cal culating, for each method,
the accuracy (the percentage of correctly predicted observations
from the total number of observations), the F measure (the
harmonic mean of precision and recall), the Receiver Operating
Characteristic (ROC), and the time taken to complete the task
were calculated. To reduce computing processing time of the
classification, we limited the words in the learning process to
the top 10,000 words by frequency. All text was converted to
lower case, and we removed all punctuation. Typographical
errors and misspellings were not corrected.

Testing Prediction Accuracy

To obtain a score to predict sentiment analysis against, patient
ratings left on the NHS Choices website on a Likert scale were
converted into simple categories, either positive or negative
about cleanliness and dignity, to simplify the prediction task.
The website presents patients with five options to rate the
cleanliness of a hospital: “exceptionally clean”, “very clean”,
“clean”, “not very clean”, “dirty”, and “does not apply”. In this
analysis, the first three options were grouped into a “clean”
class and the “not very clean” and “dirty” into a“dirty” class.
Thewebsite al so asks patientsto rate whether they weretreated
with dignity and respect by the hospital staff, with the options
being “al of thetime”, “most of thetime”, “some of thetime”,
“rarely”, and “not at al”. Again, the first three options were
grouped, inthiscaseinto a“moredignity” classand the“rarely”
and “not at al” into a “less dignity” class. Finaly, the NHS
Choices website asks al patients whether they would
recommend the hospital or not.

Comparing Sentiment Analysis With the National
Inpatient Survey

Having cal cul ated the accuracy of our prediction algorithm, the
results of the sentiment analysis were then compared with the
national inpatient survey results for 2010. This is an annual
national survey of randomly selected patients admitted to NHS
hospitals in England, similar to the HCAHPS survey in the
United States. The 2010 survey covered all 161 acute hospitals
with adult services in England, involving 60,000 respondents
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nationally (responserate 50%). Patients were contacted via post
between September 2010 and January 2011 if they had received
overnight care in hospital in 2010 [24]. This survey includes
both general and specific questions. In this study, we used only
areas similar to the specific themes predicted from the NHS
Choices data. The questions used were “In your opinion, how
clean wasthe hospital room or ward that you werein?’ (marked
on a4-point scale of “very” to “not at al”); “Overall, did you
feel you were treated with respect and dignity while you were
in the hospital?” (marked on a 3-point scale of “very” to “not
at al”); and “Overal, how would you rate the care you
received?’ (marked on a 5-point scale from excellent to poor).
The sentiment analysis ranking was compared with the patient
survey ranking for each question at the hospital level, applying
Spearman rank correlation, using Stata SE11 statistical software.
We compared all 161 adult acute trusts in England.

Results

There was agreement between the patients own quantitative
rating of whether they would recommend their hospital and our
prediction from sentiment analysis between 80.8% and 88.6%
of the time (expressed as accuracy; Table 1), depending on the
classification method used. Similarly, sentiment analysis agreed
with whether the patient was treated with dignity and respect
between 83.7% and 84.5% of thetime, and agreed with whether
the hospital was clean or not between 81.2% and 89.2% of the
time. Table 2 shows the 10 words or 2-word phrases with the
highest predictive accuracy.

NBM, bagging, and decision tree approaches to classification
all produced similar measures of association, but the NBM
algorithm, a first-order probabilistic model that uses word
frequency information, performed the calculation faster (less
than 0.2 seconds compared to hundreds of secondsfor the other
analyzed approaches). Of note, all algorithmstended to beworse
at predicting cleanliness and SVM in particular. This may
represent the limited language around cleanliness compared to
the other opinions examined, or the more skewed results, with
higher number of negative ratings.

On this basis, we choose to use NBM results for further
comparison of our results with patient survey data. The
relationship between the predictions of the NBM approach and
the real ratings was reflected as Kappa statistics for interrater
reliability of between .40 and .74 (P<.001 for all). We found
significant, weak to moderate associations between machine
learning predictions using NBM and quantitative responses
from the national inpatient survey for the three categories
examined: cleanliness, dignity, and overall recommendation
(Spearman correlation coefficients between 0.37 and 0.51,
P<.001 for all) (see Table 3). Rank correlations for overall
recommendations of hospitals are displayed in Figure 1.
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Table 1. Accuracy of different approaches to machine learning.

Question Overall rating Cleanliness Dignity and respect

Naive Bayes multinomial

ROC 0.94 0.88 0.91
F measure 0.89 0.84 0.85
Accuracy (%) 88.6 81.2 83.7
Time (s) 0.11 0.05 0.06
Decision trees
ROC 0.84 0.76 0.79
F measure 0.81 0.86 0.8
Accuracy (%) 80.8 88.4 83
Time () 552 206 332
Bagging
ROC 0.89 0.83 0.87
F measure 0.82 0.87 0.85
Accuracy (%) 825 89.2 84.5
Time (s) 4871 2018 3164

Support vector machine

ROC 0.79 0.53 0.6
F measure 0.84 0.84 0.8
Accuracy (%) 84.6 88.5 84.1
Time () 612 305 520

Table 2. The 10 one or two word phrases with the highest predictive accuracy for each topic.

Overdl Cleanliness Dignity
told dirty rude
thank you floor told

left left left

rude the floor thank you
excellent thank you friendly
the staff filthy excellent
hours bed rude and
asked patients asked
wastold friendly the staff
friendly hours staff

Table 3. Comparison of patient survey responses and machine learning prediction of comments at hospital trust level.

Peatient survey question Machine learning prediction Spearman correlation coefficient  Probability

Inyour opinion, how clean wasthehospi- Machine learning prediction of comments  0.37 P<.001
tal room or ward that you were in? about standard of cleanliness

Overdl, did you feel youweretreatedwith Machine learning prediction of comments P<.001
respect and dignity while you wereinthe about whether the patient was treated with

hospital ? dignity and respect

Overall, how would you rate the careyou Machine learning prediction of comments ~ 0.46 P<.001

received? about whether the patient would recommend
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Figure 1. Comparison of the proportion recommending a hospital using sentiment analysis and traditional paper-based survey measures.
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Principal Findings

Our resultsreinforce earlier findings that sentiment analysis of
patients online comments is possible with areasonable degree
of accuracy [10] and that it ispossible to identify salient aspects
of reviews [25]. We have also shown that unstructured
commentsin freetext, if processed appropriately, are associated
with patient experience results from paper-based surveys
conducted annually across all hospitals in England. Thisisin
keeping with previous work that has demonstrated that thereis
a significant association between structured online ratings of
care left on heath care review websites and conventional
surveys of satisfaction [12]. These results suggest a potential
mechanism to make use of the large amounts of text on the
Internet in which people describe their care, and that further
exploration of the information contained within the free-text
comments may be an important avenue for understanding patient
experience, providing an additional source of information to
complement traditional survey methods.

http://www.jmir.org/2013/11/e239/

RenderX

Sentiment analysis via a machine learning approach is only as
good as the learning set that is used to inform it. By taking
advantage of a complete national rating system over several
years, we have been able to use many more ratings in this
learning set than in other studies. Indeed, our learning set was
more than 10 times larger than earlier work [9]. Moreover, in
applications of sentiment analysisto health care data, researchers
have had to train the system themsel ves by reviewing comments
and ascribing characteristics to them, to allow the algorithm to
learn. We used a large dataset that permitted us to directly
compare free-text comments and quantitative ratings posted by
the same patients, thus eliminating potential biases of reviewer
assignment of comments. Similarly, the consistency of questions
across the NHS inpatient survey and the questions asked on the
NHS Choices website about health services alows for a direct
comparison of patient comments and surveys that we believe
has not previously been reported.

Online comments | eft without solicitation on awebsitearelikely
to have anatural selection hias towards examples of both good
and bad care. Itislikely that these online reviews are contributed
more by those in particular demographic groups including
younger and more affluent people[26]. Further, there are aspects
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of patients commentsthat are very hard for sentiment analysis
to process. Irony, sarcasm, and humor, frequently adopted by
English speakerswhen talking about their care, cannot be easily
detected using this process. The use of prior polarity improved
the results and mitigated some colloquia phrasing, but there
were difficulties understanding those that depend on context.
For example, phrasesthat cropped up repeatedly, such as* stank
of urine” or “like an angel”, could be easily characterized as
negative or positive. The meaning of other frequently used
phrases, however, was hard to establish without an
understanding of their context. The best example of this was
the phrase a “cup of tea”. It was referred to in many different
comments in these data, but without knowing the context, is it
impossible to allocate it adirect sentiment. ‘" They didn’t even
offer meacup of tea” isvery different to “ The nurse even made
me a cup of tea’. Our current algorithm could not yet make use
of references to cups of tea or similar phrases that would be
clear and obvious looked at by eye on a case-by-case basis.
Future attemptsto improve anatural language processing ability
for patient experience would have to develop the capacity to
accurately interpret this level of context-specific and idiomatic
content. We appreciate that in this early exploratory work, we
are not using the most state-of-the-art machine learning
algorithms seen in other industries [27], or approaches to
classification selection [28], but hope that further work might
be able to adopt this.

Further Research Questions

Further research is needed to improve the performance of
sentiment analysis tools, extending the process to other forms
of free-text information on the Internet and exploring the
relationships between views expressed by patients online and
clinica health care quality. For example, severa technical
components might be added to improve the process, including
the consideration of higher number n-grams (longer phrases)
and refining contextual polarity (understanding what aword or
phrase means given its context in a sentence). It would also be
useful to compare the relatively simple techniques used in this
analysisagainst other platformsand tools used for the sentiment
analysis and opinion mining process, for example WordNet
Affect [29] and SentiWordNet [30,31].

Policy Implications

Large amounts of data about the use of services are collected
indigital form. Animportant strand of thisisconsumer opinion
and experience. Today, many people express their views and
share their experience of goods and services via the Internet
and social media Such data, converted to information, are
essential in improving services, facilitating consumer choice
and, in some sectors, exploring public accountability and value
in the use of taxpayers' money.

By its nature, the information is highly personalized,
idiosyncratic, and idiomatic. However, if it is to be useful, it

Greaveset a

must be analyzed in waysthat are not solely reliant on someone
reading individual contributions (although this is valuable to
consumers) nor on pre-structured responses necessary to allow
aggregation. A solution to the challenge of “big data” isto find
automated methods for analyzing unstructured narrative
commentary, which is a potentially rich source of learning. In
this respect, health care is no different to many other industries
although it has perhaps been slower than other sectors to
recognize the importance of it.

As our confidence in techniques of data mining and sentiment
analysis grow, information of this sort could be routinely
collected, processed, and interpreted by health care providers
and regulators to monitor performance. Moreover, information
could be taken from a number of different text sources online,
such as blogs and social media. If this information could be
harvested from these locations and then processed into timely
and relevant data, it could be a valuable tool for quality
improvement. We have previously suggested that as the usage
of rating websites, social networks, and microblogs increases
[3,4], thisfree-text information representsagrowing and largely
untapped source of data that could be considered a “cloud of
patient experience” [32]. Others, including Alemi, have
discussed similar ideas, with Cambriaand colleagues describing
anotion of “crowd validation” of a health service[10,33]. This
hasthe potential to provide up-to-date information about patient
experience at lower cost than the traditional survey route. It
might also allow the views of younger, more tech savvy
groups—who are often poor responders to paper-based
surveys—to be sampled. Eventually, there might even be the
potential to develop a close to real-time early warning system
for poor clinical care, if large enough amounts of data can be
collected and prediction accuracy can be reliably reproduced.
However, caution should be taken before placing too much faith
in a quantitative approach, as the qualitative analysis of
information of this sort isknown to provide useful insights[34].
Qualitative and quantitative approaches should be seen as
complementary.

Conclusions

This work demonstrates that sentiment analysis of patients
comments about their experience of health careis possible and
that this novel approach is associated with patient experience
measured by traditional methods such as surveys. This work
adds to a growing body of literature opening up a new
understanding of the patients' point of view of care from their
postings online—on socia networks, blogs, and rating websites.
Although at an early and experimental stage, it presents future
possibilities to understand health care system performance in
close to rea time. Bates and colleagues have described the
confluence of patient-centered care and social media as a
“perfect storm” that islikely to be of major value to the public
and to health care organizations [35]. These early findings hint
at how that might occur.
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Abstract

Background: Public health agencies are actively using social media, including Twitter. In the public health and nonprofit
sectors, Twitter has been limited to one-way communication. Two-way, interactive communication on Twitter has the potential
to enhance organizational relationships with followers and help organizations achieve their goals by increasing communication
and dialog between the organization and its followers. Research shows that nonprofit organizations use Twitter for three main
functions: information sharing, community building, and action.

Objective: It isnot known whether state health departments are using Twitter primarily for one-way information sharing or if
they are trying to engage followers to build relationships and promote action. The purpose of this research was to discover what
the primary function of Twitter use isamong state health departmentsin the United States and whether thisissimilar to or different
from nonprofit organizations.

Methods: A completelist of “tweets’ made by each state health department account was obtained using the Twitter application
programming interface. We randomly sampled 10% of each state health department’s tweets. Four research assi stants hand-coded
the tweets' primary focus (organization centric or personal health information centric) and then the subcategories of information
dissemination, engagement, or action. Research assistants coded each tweet for interactivity, sophistication, and redirects to
another website. Data were analyzed using SPSS version 20.

Results: Therewere 4221 tweetsfrom 39 state health departments. There was no statistically significant differencein the number
of tweets made by a state health department and the state population density (P=.25). The mgjority of tweets focused on personal
health topics (69.37%, 2928/4221) while one-third were tweets about the organization (29.14% , 1230/4221). The main function
of organization-based tweets was engagement through conversations to build community (65.77%, 809/1236). These
engagement-related tweets were primarily recognition of other organizations' events (43.6%, 353/809) and giving thanks and
recognition (21.4%, 173/809). Nearly all of the personal health information-centric tweetsinvolved genera public heath information
(92.10%, 1399/1519) and 79.03% (3336/4221) of tweets directed followers to another link for more information.

Conclusions: Thisisthe first study to assess the purpose of public health tweets among state health departments. State health
departments are using Twitter as aone-way communication tool, with tweets focused primarily on personal health. A state health
department Twitter account may not be the primary health information source for individuals. Therefore, state health departments
should reconsider their focus on personal health tweets and envision how they can use Twitter to develop relationships with
community agencies and partners. In order to realize the potential of Twitter to establish relationships and develop connections,
more two-way communication and interaction are essential.

(J Med Internet Res 2013;15(11):€255) doi:10.2196/jmir.3002
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Introduction

Individual and organizational use of socia media is rapidly
increasing. Researchers estimate that by 2017, the number of
individuals and corporations who have social networking
accounts will reach more than 4.8 billion [1]. In particular,
Twitter is becoming ever more popular. A total of 18% of
Internet users have a Twitter account [2]. Among Fortune 500
companies, 77% have Twitter accounts [3] and among Forbes
200 largest charities, all use at least one form of social media,
with 96% using Twitter [4]. Public health agencies are actively
using socia media, including Twitter [5-8]. Twitter has been
used to disseminate information about diabetes[9], breast cancer
[10], to communicate during a disaster [11], and to understand
health-related trends and issues such asinfluenza[12], tobacco
[13], prescription drug misuse [14], and suicide [15].

Fundamentally, organizations use social media sites to build
relationships [16-20]. Twitter research shows that an
organization’s relationship with customersisinfluenced by the
organization’s interactivity or level of communication and
contact [21]. An organization that includes social media as part
of its communication strategy has the potentia to increase the
level of communication dialog with its customers. For example,
social media can facilitate customers talking with each other,
as well as customers talking with the organization [22]. When
dialog and communication occur, relationships are built and
theserelationships are often tied to key organizational outcomes
[23]. The Twitter homepage specifically states that Twitter
allows businesses to connect in real-time to their customers to
share product information, gather market research data, and
develop relationships with both customers and partners [24].
Organizations that have relationships with customers can use
Twitter to enhance brands, increase visibility, support customers,
network, communicate internally, generate leads, and support
other online presences [25].

Though use of Twitter has the potential to increase
communication and dialog among organizations and its
followers, in the nonprofit and public health sectorsit has been
limited to one-way communication [7,26], meaning a message
is sent from one person or organization to a receiver with no
expectation of aresponse. However, the value of social media
is its ability to create two-way, interactive communication
between two or more people. Thistwo-way communication can
enhance organizational relationships with followers and help
organizations achieve their goals. On Twitter, interactive
communication isachieved, in part, by the use of the @ symbol
(which directs a message to a specific Twitter user), the user
responding to public reply messages, the user asking for
feedback in a “tweet”, and the use of personal pronouns (eg,
us, we, you) [27].

In astudy of nonprofit organizations, Lovejoy and Saxton [28]
identified three main functions for organizational Twitter use,
namely: information sharing, community building, and action.
Information sharing meant that the organization used Twitter
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to disseminateinformation including facts about the organization
and its activities. Community building was a function served
by tweets that aimed to build a community or network among
followersthrough dialog and interactivity. Finally, the function
of action was indicated by tweets that asked followers to do
something for the organization. Lovejoy and Saxton found that
nonprofit organizations primarily used Twitter as a one-way
communication tool to convey information to their followers
(58.6%); one-quarter of tweets were found to be community
building and only 16% were action based. The authors
concluded their study by calling for more research about how
governments use social media.

This study expands the work of Lovejoy and Saxton by
exploring the purposes for Twitter use among public health
agencies, specifically state health departments. As reported
earlier, though public health agencies use social mediaincluding
Twitter, it is not known for what purpose they use Twitter and
more particularly, if their purposesfor using Twitter are similar
to or different from nonprofit organizations. More specifically,
it is not known whether state health departments are using
Twitter primarily for one-way information sharing or if they
aretrying to engage followersto build relationships. Therefore,
the purpose of this research was to answer the following two
research questions:; (1) What isthe main function of state health
department tweets—information, engagement, or action? and
(2) Isthe content of state health department tweets more often
about the organization or about personal health?

Methods

This study involved state heath departments in the United
States. A list of all state health departments was obtained from
the Association of State and Territoria Health Officers
(ASHTO) website[29] and from the Centersfor Disease Control
and Prevention website [30].

State health departments represent all 50 US states [31], with
55% of state health departments classified as freestanding or
independent (ie, the agency provides public health/health
services only). The other 45% are categorized as super or
umbrella agencies and provide additional services related to
Medicaid and other public assistance, mental health, substance
abuse, environmental protection, aging, child and family
services, and so forth [31].

State health departments are granted | egid ative authority through
codes and statutes to promote and protect public health and
safety. Theseresponsihilitiesare usually addressed by planning
and implementing health promotion programs, enacting and
enforcing laws and regulations, and providing accessto primary
care health services. State health departments also provide
technical assistance to local health departments and
nongovernmental agencies[31].

The existence of each state health department Twitter account
was verified by three means: (1) visiting the state health
department home page to ascertain the presence of a Twitter
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icon, (2) searching on Twitter for the name of the state health
department, and (3) performing a Google search for the state
health department Twitter account. A complete list of tweets
made by each state health department account was obtained
using the Twitter application programming interface (API)
during July 2012. Because the Twitter API limitsthe maximum
number of tweets that can be retrieved to the most recent 3200
per account, this limit was considered a complete tweet list for
any state health department account that exceeded 3200 tweets.
Because the intent of this study was to analyze state health
departments collectively, not individually, we randomly sampled
10% of each state health department’s tweets.

We created a coding instrument based on L ovejoy and Saxton’s
original classifications[28]. Their coding classificationsrelated
exclusively to organization-focused tweets [28]. We expanded
the classification by adding a second category that included a
personal health information focus. This decision was made
based on two factors. First, an initial analysis of the tweets
showed there were several public health information-only
tweets, and second, resultsfrom arelated study showed personal
health information tweets were common among public health
agencies [8]. We recognize that at a basic level al tweets are
focused on the organi zation and fulfilling its mission. However,
for the purpose of this study, we identified organization-centric
tweets as those with the purpose of building and strengthening
the organization. In contrast, personal health information-centric
tweets were focused on one-way information dissemination
about health information.

Four research assistants hand-coded all tweets. Research
assistants compared coding results and resolved any
discrepancies. Discrepancies were resolved by discussing the
issue and coming to a consensus. Discrepancies most often
occurred because of a simple error related to data entry or a
misinterpretation of the tweet.

The first step was to code each tweet according to its primary
focus, whether it was an organi zation-centric tweet or apersonal
health information-centric tweet. Next, research assistants coded
each organization-centric tweet to determine whether the
primary function was information dissemination, engagement,
or action. Information dissemination was defined as one-way
sharing of information about the organization and its activities
[28], and included events or services, news, facts, reports, or
job announcements. Engagement tweetswere posts that focused
on building relationships and networks with followers [28].
These tweets included giving thanks and recognition for doing
something for the organization; acknowledging another
organization’s events; responding to public reply messages;
asking for a response or feedback; and asking for a follow, to
become afan, or to spread the word by retweeting the message.
Action-based tweets represented those that encouraged the
follower to do something for the organization [28], such as
inviting followers to attend events or meetings, complete a
survey, donate goods or money, volunteer time, or to participate
in lobbying or advocacy.

Research assistants then coded each persona heath
information-centric tweet as one of two subcategories:
information or action. Information-based tweets were one of
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threetypes: general public health information (eg, flooding can
introduce impurities to both public and private drinking water
sources), risk communication (eg, disease outbreaks or natural
or man-made disasters), or public health reports (eg, Injury
Prevention Policy Report Shows Arkansas Making Progress,
More Work Needed). Action-based tweets encouraged
individuals to participate in preventive health screenings (eg,
Ask your health care provider for agroup B strep test when you
are 35-37 weeks pregnant), modifying one's lifestyle (eg,
Portion control is a must, so keep a serving cup in your purse
or briefcase for healthy meals throughout the work day), or
encouraged individuals to learn more and increase their
knowledge (eg, Doesyour child walk to school ? Learn how you
can help ensure safe walking routes in your community). Each
classification category was mutually exclusive.

In addition, research assistants coded each tweet for the degree
towhich it was considered interactive, itslevel of sophistication,
and if it redirected the follower to another site for more
information. Interactivity was determined by the presence of
(1)) an @ reply symbol, signifying that the state health
department was responding to a post made by another Twitter
follower, (2) an @username, indicating that the state health
department was directing its post to a specific user, and (3) the
use of personal pronouns. Tweet sophistication was noted by
whether or not it (1) was a truncated tweet, meaning that the
state health department had posted the information on one
platform (eg, Facebook) and it was automatically posted to the
Twitter account as well, (2) was a retweet, and (3) included
hashtags. Truncated tweets and retweets denote that the state
health department was not developing content specifically for
Twitter but was sharing other Twitter users' content. Hashtags,
which are used to categorize tweets so users can easily follow
topics posted to Twitter, are also reflective of amore advanced
Twitter user. Finally, tweetsthat redirected followersto another
source for more information signified that the state health
department was using Twitter asaone-way communication tool
to spread the word and link people to more information. Data
were analyzed using SPSS version 20 [32].

Results

The final sample included 4221 tweets from 39 state health
departments with a Twitter account. State health departments
had amean of 2033.2 (SD 1974.9) followersand werefollowing
amean of 414.6 (SD 725.3) other Twitter users (Table 1).

Harris and colleagues found that local health departments that
serve larger populations tweet more often than those serving
smaller populations[9]. Therefore, wetested to seeif therewas
asimilar differencein the frequency of state health department
tweeting based on a state’s population density, which was
defined as population per square mile of land area asidentified
in the 2010 census [33]. States were divided into three strata:
low (less than 100 persons/square mile), medium (100-200
persons/square mile), and high (more than 200 persons per
square mile). Therewere 16 states with low popul ation density,
10 with medium, and 13 with high. The final number of tweets
by population density included 1656 |ow (39.23%, 1656/4221),
860 medium (20.37%, 860/4221), and 1705 high (40.39%,
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1705/4221). There was no statistically significant differencein
the number of tweets made by a state health department and the
state population density (P=.25). Therefore, we did no further
analysis by population density.

Three-quarters (76.14%, 3214/4221) of tweets were original,
meaning the state health department created and posted the
content on Twitter. Only 4.45% (192/4221) of tweets were
posted from another platform such as Facebook and 79.03%
(3336/4221) of tweets directed followers to another link for
more information. Roughly one-third (36.88%, 1557/4221) of
tweets used personal pronouns. Hashtags wereincluded 31.15%
(1315/4221) of the time, while the @ symbol was used
infrequently (6.99%, 295/4221).

The primary results of the study are presented in Table 2. The
majority of tweets focused on personal health topics, while
one-third were tweets about the organization. The main function
of state health department organization-based tweets was
engagement through conversations to build community. These
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engagement-related tweets were primarily recognition of other
organization’s events and giving thanks and recognition. Rarely
wasthe state health department using Twitter to ask for feedback
or suggestions, respond to public reply messages, ask for a
response to a tweet, ask for a relationship such as becoming a
follower, or to disseminate information by retweeting a post.

Just over one-quarter of organization-based tweets focused on
sharing one-way information about the organization. These
organization information-based tweets centered on events or
services, job announcements, and facts. Only 6.67% (82/1230)
of organization-based tweetsrelated to asking followersto take
action for the organization.

Personal health information-centric tweets were split nearly in
half between information and action. Nearly all of the
information-related tweets involved general public health
information. Action-based tweets predominately encouraged
followers to take action to learn more, followed by
encouragement to take action to modify their lifestyle.
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Table 1. Characteristics of state health department Twitter accounts.

State Total tweets Following Followers Date created
Alabama 1422 30 292 6/24/2011
Alaska 2029 130 2597 1/31/2009
Arizona 3199 162 4753 10/24/2008
Arkansas 677 338 1079 2/5/2010
California 2003 185 6612 4/21/2009
Colorado 348 530 812 7/7/2011
Connecticut 3199 4295 4361 4/27/2009
Delaware 2953 585 2070 6/15/2009
Florida 1164 830 1293 5/11/2011
Georgia 1544 684 710 6/27/2011
Hawaii 1604 928 1969 9/29/2009
Idaho 372 143 134 6/16/2011
Ilinois 1707 526 591 9/4/2009
Indiana 143 71 87 5/18/2012
lowa 1148 16 4535 4/30/2009
Kansas 1547 262 1370 9/1/2009
Kentucky 84 3 1643 4/28/2009
Louisiana 1030 1607 1915 8/10/2010
Maryland 983 437 1058 6/5/2009
Massachusetts 882 368 9546 3/11/2009
Michigan 823 1091 3820 7/16/2009
Minnesota 714 252 3830 3/18/2009
Mississippi 565 25 2719 9/2/2008
Missouri 1378 338 1440 9/23/2009
Nebraska 1819 664 1289 8/14/2009
New Hampshire 272 36 441 3/23/2009
New Jersey 198 18 546 2/14/2011
New Mexico 80 0 35 7/30/2010
New York 731 151 1064 3/17/2010
Ohio 668 331 1941 11/16/2009
Oklahoma 100 26 121 1/3/2012
Rhode Island 711 111 3128 4/25/2009
South Carolina 227 7 956 10/29/2010
Tennessee 2657 94 1822 10/23/2009
Utah 359 239 2853 4/28/2009
Vermont 795 99 1315 4/27/2009
Virginia 257 224 511 9/8/2010
Washington 1391 128 3692 7/23/2009
Wisconsin 436 209 347 5/4/2011
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Table 2. State health departments’ use of Twitter.

Thackeray et al

Tweet category Tweet subcategory n (%)
Organization-centric 1230/4221 (29.14%)
Engagement to build community 809/1236 (65.77%)
Recognition of other organization's events 353/809 (43.63%)
Giving thanks and recognition 173/809 (21.38%)
Ask for feedback or suggestions 28/809 (3.46%)
Respond to public reply messages 67/809 (8.28%)
Ask for response to a tweet 32/809 (3.96%)
Ask for arelationship 29/809 (3.58%)
Retweet a post 27/809 (3.34%)
Other 100/809 (12.36%)
Information about the organization 338/1230 (27.48%)
Events or services 141/338 (41.72%)
Job announcements 77/338 (22.78%)
Facts 50/338 (14.79%)
News 26/338 (7.69%)
Reports 1/338 (0.30%)
Other 44/338 (13.02%)
Action 82/1230 (6.67%)
Attend events 29/82 (35.37%)
Attend meetings to provide input 6/82 (7.32%)
Complete a survey 5/82 (6.10%)
Donate goods or money 2/82 (2.44%)
Volunteer time 13/82 (15.85%)
Participate in lobbying and/or advocacy 20/82 (24.39%)
Other 7/82 (8.54%)
Personal health infor mation-centric 2928/4221 (69.37%)
Information 1519/2928 (52.05%)
Public health information 1399/1519 (92.10%)
Risk communication 63/1519 (4.15%)
Reports 27/1519 (1.78%)
Other 30/1519 (1.97%)
Action 1409/2926 (48.12%)
Learn more 640/1409 (45.42%0
Modify lifestyle 523/1409 (37.12%)
Preventive health screenings 124/14009 (8.80%)
Other 122/1409 (8.66%)
News 51/4221 (1.21%)
Miscellaneous 12/4221 (0.28%)
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Discussion

Principal Findings

This study examined state health departments’ Twitter posts to
determine the main function of related tweets. Results show
that the majority of tweets were about personal health and a
limited number were about the state health department as an
organization. Theseresults are similar to those found in a study
about local health departments’ use of Twitter [8]. State health
departments and other public health agencies may be unique,
unlike other nonprofit organizations [28], when it comes to the
main function for their social media use. State health
departments do not appear to be using Twitter to build their
organization and devel op relationshipswith followers, but rather
to disseminate health information.

Personal health information-centric tweets contained general
public health information. This is similar to what was found
among local headth departments [8]. These results are
comparableto astudy in Australiathat found government tweets
were dominated by public health advice and nonspecific health
conditions [34]. The predominant use of Twitter to share
personal health information raises two primary questions: (1)
Who ae the sate heath departments  Twitter
followers—individuals or other organizations? and (2) If
followers are individuals, do they consider the state health
department to be a primary source of health information?
Although people do go online seeking health information [35],
this health-seeking behavior is different from being a Twitter
follower of a state health department, meaning one has opted
into receiveregular updates. In a study among US adults about
the perceived credibility of specific health information,
physicians were rated as the most credible, followed by the
Internet [36]. Asfar as credibility of online health information,
one study found that perceived credibility was generally higher
when the source was a specific website[37]. Therefore, general
health information on a state health department Twitter account
may not be perceived as highly credible.

In using Twitter, state health departments must understand the
composition of their current followers and identify who it is
they are trying to reach. If the state health departments aimis
to build a community of health-related organizations, their
messages and strategy will be different than if they are aiming
to attract individuals in their corresponding communities.
Specifically, individual Twitter users tend to be younger, of
Black or Hispanic background, have a college education, and
have incomes over US$75,000 a year [2]. These may or may
not be the individuals with whom the state health department
is trying to cultivate relationships. Rather, state health
departments may be moreinterested in using Twitter to develop
relationships with community-based organizations and other
agencies. Fostering online relationships with these agencies
may result in offline collaborations. However, devel oping these
onlinerelationshipswill require concerted effort between Twitter
users, as they do not appear to evolve naturally. For instance,
in studying Twitter connections between state health
departments, Harris and colleagues found that state health
departments on Twitter tend to follow other state health
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departments in their region who are also on Twitter. However,
the follow is not reciprocal, meaning they are not following
each other back [38]. Reciprocal following builds the users
network. It also alows followers to receive tweets from the
other user, which are then more likely to be retweeted [39].
Additionally, social network analysis states that reciprocity
indicates stronger ties among people [40]. Also, among
individuals, the number of Twitter followers is linked to
increased social capital [41]. There may also be a similar
increase in strength of connections and socia capital among
connected state health departments and their followers.

The rate of tweeting information about the organization is
substantially less than what was found by Lovejoy and Saxton
[28] and among local health departments [8]. State health
departments may be less concerned with promoting themselves
as an agency and more focused on fulfilling one of public
health’s ten essential services: inform, educate, and empower
[42]. However, state health departments may want to reconsider
how they use Twitter and create ways to convey information
about the organization in order to increase the community’s
awareness of the state health department, its purpose, priorities,
and contribution to the state.

State health departments should continue to post
engagement-related tweets that focus on recognizing other
organizations' eventsor giving thanksand recognition. Therate
of engagement-related tweets among state health departments
was more than that found by L ovejoy and Saxton for nonprofit
organizations[28] and among local health departments[8]. This
indicates that state health departments are making an effort to
reach out to other community organizations, whichisapositive
step toward building relationships with current or potential
partners. Both information sharing and engagement with other
organizations and partners can be particularly beneficial for a
state health department when engaging in advocacy-related
efforts, which have long been a core public health strategy and
an essential public health service [42]. In fact, use of social
media has been identified as critical to influencing advocacy
and social movements [43-45].

Interestingly, although state health departments were posting
engagement-related tweets to foster and build relationships,
very few state health departments were asking followersto take
action to benefit the organization. Researchers have proposed
an engagement hierarchy between organizations and followers
that progresses from low to medium to high with high
engagement characterized by followers becoming involved with
the organization as either partnersin fulfilling the organization’s
goalsor asdirect recipients of the organization’s programs and
services [46]. The hierarchy positsthat high engagement isthe
culminating and defining purpose of social media use in public
health settings. This suggeststhat state health departments may
want to consider using Twitter to recruit followers and foster
relationships that will benefit organizational causes and
programs.

The majority of the tweets were original, meaning the state
health departments are investing effort in creating unique
content. These results are similar to local health departments
use of Twitter [8]. Thisimpliesthat the state health departments
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have identified specific content they want to convey to their
followersand are not re-posting random tweets. Original content
may also be more likely to draw the interest and attention of
followersasit suggeststhat the organization istailoring its posts
to the interests and needs of its followers.

Twitter isbeing used as aone-way communication tool. Though
state health departments are trying to engage in conversation,
most of these tweets were about recognition of other agencies
events and giving thanks. Rarely did state health departments
attempt to engage followersin dialog by asking for aresponse,
a retweet, and so forth. Furthermore, three-quarters of tweets
included a link for where to go for more information. These
resultsare similar to other research that showed a preponderance
of hyperlinks included with tweets [26,47]. The emphasis on
one-way communication is further evidenced by the lack of
inclusion of the @ symbol in tweets, which would direct a
message to a specific Twitter follower.

Limitations

The results should be interpreted with the following limitations
in mind. First, we were able to sample only public tweets. It is
possible that state health departments are responding to
individualsthrough direct messages, which are private, but there
is no way to assess that without having access to individual
accounts. Second, we observed only one side of the potential

Acknowledgments

Thackeray et al

dialogue between state health departments and their followers.
That is, we were able to study posts that the state health
department made, but were not able to analyze Twitter posts
that were directed to the state health department from other
Twitter users. Third, this study is about a specific social media
application, Twitter, and it could be that some state health
departments behave very differently on other applications. For
example, on social networking sites such as Facebook, there
may be more two-way communication or the purposesfor posts
may be different from Twitter. Last, although there were four
research assistants coding the data, there is still the possibility
of coder subjectivity in interpreting the main purpose of the
tweet.

Conclusions

State health departments are using Twitter as a one-way
communication tool, with tweetsfocused primarily on personal
health. When tweeting about the organization, state health
departments are trying to engage audiences through posts that
focus on recognition of community and organizational events.
Thereis potential for state health departments to use Twitter to
develop relationships with other community agencies. To do
so, state health departments should reconsider their focus on
personal health tweets. To realize the potential of Twitter to
establish relationships and devel op connectionswith followers,
more two-way communication and interaction are essential.
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Abstract

Background: Social media applications are promising adjuncts to online weight management interventions through facilitating
education, engagement, and peer support. However, the precise impact of socia media on weight management is unclear.

Objective: The objective of this study was to systematically describe the use and impact of social media in online weight
management interventions.

Methods: PubMed, PsycINFO, EMBASE, Web of Science, and Scopus were searched for English-language studies published
through March 25, 2013. Additional studies were identified by searching bibliographies of electronically retrieved articles.
Randomized controlled trials of online weight management interventions that included a social media component for individuals
of al ages were selected. Studies were evaluated using 2 systematic scales to assess risk of bias and study quality.

Results: Of 517 citations identified, 20 studies met eligibility criteria. All study participants were adults. Because the included
studies varied greatly in study design and reported outcomes, meta-analysis of interventions was not attempted. Although message
boards and chat rooms were the most common social mediacomponent included, their effect on weight outcomes was not reported
in most studies. Only one study measured the isolated effect of social media. It found greater engagement of participants, but no
difference in weight-related outcomes. In all, 65% of studies were of high quality; 15% of studieswere at low risk of bias.

Conclusions: Despite the widespread use of social media, few studies have quantified the effect of social mediain online weight
management interventions; thus, its impact is still unknown. Although social media may play arole in retaining and engaging
participants, studiesthat are designed to measureits effect are needed to understand whether and how social mediamay meaningfully
improve weight management.

(J Med Internet Res 2013;15(11):€262) doi:10.2196/jmir.2852

KEYWORDS
Internet; systematic review; overweight; obesity; social media; weight loss

Over one-half of adults in the United States use social media
platforms, such as Facebook, Twitter, MySpace, and Linkedin
[8]. The socia support and feelings of interconnectedness

Introduction

Obesity isamajor US public health problem that is associated

with lower quality of life, stigma, medical complications, and
higher health care costs [1-6]. Despite a decade of public
awareness and attention, the prevalence of obesity continuesto
risein some groups, atrend that reflects the complex nature of
this disease and the diverse medical, social, and behavioral
domains that underlie its management [7].

http://www.jmir.org/2013/11/e262/

individuals experience with social media help explain the
prolific growth of these platformsin everyday life[9,10]. These
domains are adso relevant to the success of online
weight-management interventions. Social mediamay represent
apromising resourcein combating obesity at apopulation level.
Several properties of social media make it ideal for such
purposes. (1) socid media facilitates asynchronous
communication and provides 24/7 access to participants; (2) it
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overcomes barriers such astransportation and distance, allowing
those with mobility, speech, or hearing problems to interact in
online interventions; and (3) given the relative anonymity to
discuss sensitive topics, socia media is ideally suited for
stigmatizing conditions such as obesity. However, despite these
qualities, the precise implementation, effect, and benefit of
socia mediain onlineweight-management interventionsremains
unknown.

For these reasons, we conducted a systematic review of the
literature to wunderstand whether and how online
weight-management interventions have used social media to
improve weight-related outcomes, such asweight loss, diet, and
physical activity.

Methods

Data Sources and Search Terms

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) recommendations in
conducting this systematic review [11]. With the assistance of
aresearch librarian with experiencein social media, we searched
PubMed, PsycINFO, and EMBASE for articles written in
English that reported outcomes associated with the use of social
mediain onlineinterventionsfor weight management. Because
the Medical Subject Heading (MeSH) term “social media’ was
not created until 2012, we developed a search strategy that
included the following keywordsto identify social media: social
media, socia technology, socia network, online community,
wiki, YouTube, Facebook, Myspace, Flickr, Twitter, and
Delicious. MeSH terms and keywords to represent weight
management included obesity, overweight, weight gain, weight
loss, body massindex, diet, and physical activity. Thefull search
criteria for PubMed is presented in Multimedia Appendix 1.
Additional studies were identified through hand searches of
electronically retrieved articles, review articles, and from acited
reference search (Web of Science and Scopus). No limits or
filters were placed on search criteria; electronic searches were
last updated on March 25, 2013.

Study Selection and Definitions

Studies were included if they were (1) randomized controlled
trials (RCTs); (2) published in peer-reviewed literature; (3),
reported weight-related outcomes, such as body mass index
(BMI) or weight, dietary intake, or physical activity; and (4)
included a social media component. As defined by Kaplan et
al [12], wedefined social mediaas Web-based applicationsthat
allow individuals to interact in a virtual community by
exchanging user-generated information (eg, online discussion
board, online bulletin board, chat room, online community).
Weight-related outcomesincluded measures such asBMI, body
weight, percent body fat, and waist and hip circumference. We
defined devices that measured the intensity of physical activity
aslocomotion accel erometers, whereas pedometerswere defined
as devices that specifically measured step count [13].

Data Extraction

Two authors (TC and SW) independently abstracted variables
by using astandardized template. Abstracted dataincluded study

http://www.jmir.org/2013/11/e262/
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variables (recruitment criteria, setting), participant variables
(mean age, gender, mean BMI), intervention variables (brief
description of weight-management intervention, intervention
duration, type of socia media used), outcome variables (eg,
BMI, waist circumference, physical activity level, dietary
intake), and quality variables (eg, dataon randomization, control
group, isolation of social mediacomponent). When encountered,
discrepancies were resolved by consensus during a series of
face-to-face and email discussions between 2 investigators (TC
and SW).

Risk of Study Bias

The risk for bias in each RCT was assessed using the Jadad
scale, which incorporates study domains including
randomization, blinding, and description of withdrawals and
dropouts[14]. Studiesthat received 4 or greater out of 5 possible
points on the Jadad scale were considered as being at low risk
of bias whereas scores of 2 and 3 or 0 and 1 were considered
to be at moderate or high-risk of bias, respectively.

In addition, because our main interest was the effect of social
media on online weight interventions, study quality was also
rated using methodol ogy developed by Norman et a [15]. Based
on 9 methodological characteristics, this approach specifically
evaluates the impact of technology (eg, socia media) on
specified outcomes of interest, thus allowing for amore precise
approach to measuring these types of interventions. The Norman
score also includes assessment of randomization, inclusion of
acontrol group, pre-post test design, retention, baseline group
equivalence, missing data, sample size calculations, and the
validity of outcome measures. Each study was given 1 point for
each criterion present with a maximum score of 9. Studies that
scored 7 to 9 were considered high quality, studies that scored
5 to 7 were considered of moderate quality, and scores of <5
were considered poor quality.

Data Synthesis

Because the included studies varied greatly on study design,
participants, measures, outcomes, and social mediacomponents,
meta-analysis of interventionswas not attempted or performed.

Results

Overview

Intotal, 517 studies were identified by our electronic searches.
Following application of eligibility criteria, 20 studies [16-35]
met our inclusion criteriafor anaysis (Figure 1). All 20 included
studiesinvolving adult popul ations and were published between
2001 and 2013. Studies were conducted in various parts of the
world, including the United States (n=14), Austraia (n=3),
Canada (n=2), and the United Kingdom (n=1). Of theincluded
studies, one study focused only on diet [16], 5 studies only on
physical activity [17-21], 12 studies on both diet and physical
activity [22-33], and 2 studies on weight maintenance after
weight loss[34,35] (Table 1). Please see Multimedia A ppendix
2 for atable of detailed study characteristics.
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Figurel. Study flow.
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Table 1. Summary study characteristics.?
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Source Population Type of social media  Primary outcomes Results Risk of bias  Quality
(Jadad scale) score
RR®  Mem Memn
n (%) age Y%Femae BMI
Diet
Verheijden 146 89 63 24.0 29.4 Bulletin board Socia support, BMI, No statistically Low High
eta (2004) waist-to-hip ratio, significant dif-
[16] blood pressure, and  ferencesin out-
cholesterol levels comes
Physical activity
Hurlinget 77 100 404 66.2 26.3 Chatroom-stylemes- Changein moderate  Higher level of Mod High
a (2007) sage board physical activity moderate physi-
[17] cal activity and
more percent
body fat lost in
the test group
Ferneyet 106 87.7 521 717 NR  Bulletin board Self-reportedwalking  No statistically Mod Mod
al (2009) and physical activity ~ significant dif-
[18] ferencesin out-
comes
Liebreich 49 89.8 541 59 33.9 Message board Self-reported BMI, Significantim-  High Mod
eta (2009) physical activity, and provement in
[19] social cognitive mea-  total vigorous
sures and moderate
minutes of
physical activi-
ty ininterven-
tion group
Richardson 324 76.2 52 65 33.2  Online community Changein average No statistically Mod High
et al (2010) with message board ~ daily step countsfrom  significant dif-
[20] baseline, validdaysof ferencesin out-
pedometer data, and  comes
onlinecommunity use
Cavdloet 134 89.6 NR 100 NR  Facebook Self-report social sup- No statistically  High High
a (2012) port and physical activ-  significant dif-
[21] ity ferencesin out-
comes
Diet and physical activity
Tateet a 91 714 40.9 89.0 29.0 Bulletin board Body weight and Behavior theras  Mod Mod
(2001) [25] waist circumference  py group lost
more weight
and had greater
changesin
waist circumfer-
ence
Tateet d 92 100 485 89.1 33.1 Message boards Body weight, BMI, Behaviord e Mod High
(2003) [26] and waist circumfer-  counseling
ence group had
greater reduc-
tion in weight,
percentage of
initial body
weight, BMI,
and waist cir-
cumference
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Source Population Type of social media  Primary outcomes Results Risk of bias  Quality
(Jadad me) score
RR®  Memn Mean
n (%) age %Femae BMI
Wombleet 47 66.0 437 100 33.5 Online meetings, on-  Weight change Manua group  Mod High
al (2004) line bulletin board lost significant-
[32] ly more weight
than the eDi-
ets.com inter-
vention
Tateet d 192  80.7 492 844 32.7 Bulletin board Weight loss, dietary ~ Weight losses  Mod High
(2006) [27] intake, and physical  weresignificant-
activity ly greater inthe
human email-
counseling
group than
computer-auto-
mated feedback
or no counsel-
ing groups
Goldeta 124 710 47.7 815 324 Discussionboard, on- Changein body VTrim group Mod Mod
(2007) [28] line chats/meetings  weight lost significant-
ly more weight
than the eDi-
ets.com group
at 6 monthsand
maintained a
greater loss at
12 months
Webber et 66 98.5 50 100 31.1 Separate message Body weight Minimal group High High
al (2008) board for each website lost more than
[22] group, and online chat the enhanced
group
Morganet 65 100 359 0 30.6 Bulletin board Weight, waist circum- Greater weight Low High
a (2009) ference, BMI loss for the In-
[29] ternet group
Sternfield 787  69.8 401 781 in Discussion board Self-reported change  Intervention High Mod
et al (2009) cate- indietary intakeand  group had in-
[30] gories physical activity creased physi-
cal activity, and
increased con-
sumption of
fruits and veg-
etables
Harvey- 481 96.0 46.6 93 35.7 Chatroomsandabul- BodyweightandBMI Weight lossfor Mod High
Berinoeta letin board InPerson was
(2010) [31] significantly
greater than the
Internet and
Hybrid condi-
tions
Turner-Mc- 96 89.6 29 75 325 Twitter Body weight No statistically Mod High
Grievy et significant dif-
al (2011) ferencesin out-
[23] comes
Brindal et 8112 5.2 450 83 34.0 Socia networking Body weight No statistically  Low Mod
al (2012) platform: friend net- significant dif-
[33] works, blogs, discus- ferencesin out-
sionforums, and news comes
feeds
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Source Population Type of social media  Primary outcomes Results Risk of bias  Quality
(Jedad scalg) Score
RR®  Memn Mean
n (%) age %Femae BMI
Napolitano 52 96 205 865 314 Facebook BMI Facebook Plus  High High
eta (2013) group had signif-
[24] icantly greater
weight lossthan
Facebook and
waiting list
Weight maintainence
Harvey- 255 69 458 82 31.8 Chat room and bul- Body weight, height, No statistically Mod High
Berinoetd letin board energy intake, anden-  significant dif-
(2004) [34] ergy expended ferencesin out-
comes
Cussleret 161 69 48 100 31.1 Bulletin board and BMI, body fat percent- No statistically High Mod
al (2008) chat rooms age, and total body fat  significant dif-
[35] mass ferencesin out-
comes

8 or detailed study characteristics, risk of bias, and quality scores, please see Multimedia Appendix 2.

PRR: response rate.

Diet I nterventions

Only one study (n=146) [16] focused solely on a dietary
intervention for weight management. This study tested whether
Web-based nutrition counseling and a social support tool that
included abulletin board could improve weight outcomes. Low
uptake of the Web-based intervention (24 of 73 participants)
with limited posting on the bulletin board was reported.
Messages on the bulletin board mostly contained requests for
factual information directed to the research team with minimal
participant interaction. The study found no significant
differences between the intervention group and the usual care
arm for any outcome [16].

Physical Activity Interventions

Five studies featured interventions targeting physical activity
(n=690) [17-21]. These studies tested websites with a variety
of other components. One study used accelerometers plus a
website, one study used a pedometer plus a website, 2
interventionsincluded only awebsite, and 1 used awebsite plus
Facebook. Excluding the study that used Facebook, the social
media component for al other studies in this category were
message boards within the intervention website.

Only one study specifically isolated and measured the effect of
the social media component, by including it in only 1 arm
(online community) of the study [20]. Although this study found
no difference in physical activity among the groups, the
percentage of participants that completed the study and length
of engagement was greater for those randomized to the social
media component (ie, the online community).

Among the remaining 4 studies, 2 reported the usage of the
social media component [17,18]. Within the 2 studies that
reported social mediause, Hurling et al [17] found that the chat
room-style message board was the most frequently used
component. In contrast, Ferney et al [18] reported that only 1

http://www.jmir.org/2013/11/e262/

message was posted on their bulletin board and hypothesized
that this was because of the small number of participants
enrolled in the study (n=52). Although the study by Liebreich
et al [19] did not report data on message board use, the authors
theorized that the message board encouraged interactivity and,
thus, adherence. With respect to weight outcomes, Cavallo et
al [21] used Facebook as an adjunct for social support between
participants and found no increased self-reported social support
or physical activity. However, the remaining 3 studies showed
higher levels of physical activity or greater maintenance of
physical activity in participantsin theintervention arms[17-19].

Diet and Physical Activity Interventions

Twelve studies featured interventions that included both diet
and physical activity components (n=10,205) [22-33]. In
addition to the typical online intervention and counseling, Tate
et al [27] also included structured mealsand meal replacements.

Most interventions in this category featured bulletin/message
boards, chat rooms, or both as their social media component.
Tate et a [27] created an online “ebuddy” tool that matched
participants with others with similar characteristics across the
country to gain support. In contrast, Turner-McGrievy et al [23]
and Napolitano et a [24] used available mainstream social
media, such as Twitter and Facebook, for education and to
provide support to participants. Despite the use of social media
inthese 12 studies, no study uniquely isolated the effect of these
platforms on participants; rather, the featured bulletin boards
and chat rooms were embedded within alarger intervention.

Data regarding the frequency of use of the social media
component wererarely reported, although when it was, use was
low. For example, Tate et a [25] found that only 28% of
participants ever posted a note to a bulletin board (range 1-7
postings per person) over 6 months. Examining the popularity
of postings, Napolitano et al [24] found that lessthan one-quarter
of the participants“liked” the study-related posts on Facebook.
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Although the correlation between social media use and weight
losswas generally positive, it was only reported in afew studies
and could be because of greater adherence to the interventions
overal. In the studiesby Gold et a [28] and Webber et al [22],
weight losswas correl ated with bulletin board usein both arms.
Likewise, Turner-McGrievy et a [23] found that the number
of weight loss podcasts downloaded over 6 months was
significantly correlated with weight loss in both arms of the
study.

Although the influence of social media on weight-related
measures was not specifically tested in any of these studies,
findings were heterogeneous. For instance, 2 studies reported
positive outcomes (greater weight loss, increased physical
activity, increased consumption of fruits and vegetables, and
marginally decreased sugar intake) in those randomized to
interventions containing socia media [29,30]. Conversely, 2
studies reported less weight loss in the study arm that included
the social media component [31,32]. Other studies either had
social media components in multiple arms of the study (n=7)
[22-28] or showed no differencein weight outcomes (n=1) [33].

Weight Maintenance | nterventions

Two studies (n=416) featured interventions focused on weight
maintenance after weight loss. The social media components
of the online weight maintenance interventions included both
online bulletin boards and chat rooms. Overal, inclusion of
social media did not result in differences in weight outcomes.
In the study by Harvey-Berino et a [34], the arm with social
media demonstrated no difference in perceived support
compared to in-person therapy and it also had the highest rates
of attrition. Interestingly, 100% of the participants within the
social mediaarm in one study contributed to the bulletin board
of the website, demonstrating high engagement with the social
media component [35].

Risk of Study Bias

The median Jadad score overall was 2 out of 5 points (median
2, range 1-5) representing moderaterisk for biasin theincluded
studies (Table 1). Because many studies were unable to blind
participants’ and/or study coordinators’ participation in social
media, all but 2 studies had 2 of 5 points deducted for not
describing a double-blinding process.

Using the scale developed by Norman et a [15], the median
study score was 7 out of 9 (range 6-8, median 7) representing
overal high study quality (Table 1). Only one study isolated
social mediain the design of their intervention, and 9 studies
(45%) did not report a rationale for sample size. The median
retention rate was 88.4% (range 5%-100%). Please see
Multimedia Appendices 3 and 4 for detailed risk of bias and
quality scoring data for each study.

Discussion

Principal Findings

In our systematic review of RCTs evauating online
weight-management interventions, we found that few studies
implemented social mediain amanner inwhich itsimpact could
be measured and assessed. Therefore, the effect of social media

http://www.jmir.org/2013/11/e262/
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is difficult to ascertain in the available literature. Our findings
are consistent with previous systematic reviews on
Internet-based behavioral interventions and electronic
peer-to-peer support group interventions, which have found that
the effect of the technology being studied was not isolated; thus,
their effectivenessis not known [36-40]. Nevertheless, wefound
that contemporary studies continue to include online
support-based behavioral interventionsfor wei ght management
despite little evidence of their effectiveness.

However, some salient points emerged from the only study in
our review that isolated its social media component from a
broader intervention [20]. This study found no differences in
physical activity outcomes between participantswho had access
to social media versus those who did not. Among those in the
social media arms, greater use of the social media component
was associated with improved weight-related outcomes.
Therefore, for some people, social media components may be
effective in promoting behavior change. Whether it would be
effective just for those who are inclined to use it, or whether it
would work broadly if one could encourage a wider group of
participants to use it, is unknown. However, it appears that
social media may fill agap for some participants. Specifically,
this study found that those with less baseline social supports
(ie, family, friends) were more likely to use the socia media
component and that greater use of the social media component
among this group was associated with lower dropout rates. This
finding is consistent with other studies that suggested that use
of social networking sites helped to satisfy the need for social
support and connectedness [9,10].

We al so observed that social mediawasincorporated into online
interventions largely through the use of discussion boards and
chat rooms. Mainstream social media platforms (eg, Facebook,
Twitter) were used in only 15% of studies and mainly in more
recent publications (2011-2013). Thismay indicate amove from
program-specific, investigator-devel oped interventionsto those
that capitalize on media that participants aready frequent.
Furthermore, the extent of actual social media use in these
studies wasinconsistently reported and when reported, use was
mostly low.

Why has social media not had as much uptake in weight-based
interventions compared to other areas of life? One reason for
this disparity may be the artificial nature of the types of social
media (discussion boards and chat rooms) used on websites
developed for weight management. The majority of current
mainstream social media use relies on sophisticated,
user-friendly, vibrant platformsthat incorporate arich, pleasing,
graphical environment allowing for instantaneous transfer of
information to a large community of users. Conversely, the
components designed for weight-management studies may not
have the same usability, access, or appeal. Furthermore, although
the majority of Americans associate social mediawith positive
terms such as good, great, fun, interesting, and convenient, the
use of social mediafor weight management may diminish these
positive feelings by associating its use with a health-specific
and sensitive condition: weight management [41].

Studies often reported that social media components were
included to encourage support from other participants and to
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build community, although no study reported increased levels
of social support after use of the social media components. A
possible explanation relates to how social media has evolved
over the years. Social media began as virtual communities and
computer-mediated communication, which was based on the
assumption that people participating would be using these
platforms to connect with new people who shared similar
interests or life experiences [42]. Current social networking
sites can be distinguished from these early virtual communities
by the fact that they are primary used for the conversion and
maintenance of existing relationshipsinto online ones [41,43].
Therefore, social support through social media platforms
currently being employed by online interventions may simply
be hampered as a result of this stranger phenomenon, a
hypothesis supported by the fact that 57% of Americans
explicitly report that they do not use social mediato make new
acquaintances [41]. One plausible strategy to overcome this
weakness may be to supplement online interventions with
face-to-face interventions. Incorporating thistraditiona way to
cultivate relationships with the use of online social media is
more in-line with how social mediais used today.

Limitations

Our systematic review has some limitations. First, outcomes
varied within the included studies so that studies could not be
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analyzed together or compared with one another. Second, most
studies did not isolate the unique impact of social media on
weight outcomes; thus, the role of social media in these
interventions remains unknown. Third, risk of bias and study
quality varied considerably within the included studies. Fourth,
social media applications and platforms are evolving rapidly
anditispossible, despite arigorous search strategy, that studies
of certain maobile deviceswith social media capabilitieswill be
missed by our review. Finally, welimited our inclusionto RCTs
only; other study designs may have been used to examine the
use of this relatively novel technology in weight management.

Conclusions

Despite these limitations, our systematic review provides a
comprehensive review of how social media is being used in
online weight-management interventionsto date. We found that
social mediaisbeing incorporated in online wel ght-management
interventions largely through message boards and chat rooms
with unclear benefits. Although social media may play arole
in retaining and engaging participants in online weight loss
interventions, studiesthat are designed to measure the effect of
social media are needed to understand whether and how social
media may meaningfully improve weight management.
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Abstract

Background: Postpartum depression (PPD)—the most common complication of childbirth—is a significant and prevalent
public health problem that severely disrupts family interactions and can result in serious lasting consequences to the health of
women and the healthy development of infants. These consequences increase in severity when left untreated; most women with
PPD do not obtain help due to arange of logistical and attitudinal barriers.

Objective: This pilot study was designed to test the feasibility, acceptability, and potential efficacy of an innovative and
interactive guided Web-based intervention for postpartum depression, MomMoodBooster (MMB).

Methods: A sample of 53 women who satisfied eligibility criteria (<9 months postpartum, >18 years of age, home Internet
access and use of personal email, Edinburgh Postnatal Depression Survey score of 12-20 or Patient Health Questionnaire score
from 10-19) were invited to use the MMB program. Assessments occurred at screening/pretest, posttest (3 months following
enrollment), and at 6 months follow-up.

Results: All six sessions of the program were completed by 87% (46/53) of participants. Participants were engaged with the
program: visit days (mean 15.2, SD 8.7), number of visits (mean 20.1, SD 12.2), total duration of visitsin hours (mean 5.1, SD
1.3), and number of sessions viewed out of six (mean 5.6, SD 1.3) all support high usage. Posttest data were collected from 89%
of participants (47/53) and 6-month follow-up data were collected from 87% of participants (46/53). At pretest, 55% (29/53) of
participants met PHQ-9 criteriafor minor or major depression. At posttest, 90% (26/29) no longer met criteria.

Conclusions: Thesefindings support the expanded use and additional testing of the MM B program, including itsimplementation
in arange of clinical and public health settings.

Trial Registration: Clinicaltrials.gov NCT00942721; http://clinicaltrials.gov/ct2/show/NCT00942721 (Archived by WebCite
at http://lwww.webcitation.org/6KjY DvYkQ).

(J Med Internet Res 2013;15(11):€242) doi:10.2196/jmir.2876
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postpartum depression; Web-based intervention
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Introduction

Postpartum depression has been defined to include any major
or subsyndromal depression present at any time during thefirst
year after delivery [1], and it isthe most common complication
of childbirth [2]. In terms of prevalence (10-20% of women)
and severity, PPD lies between “baby blues’ (less severe and
quite common affecting 80% of women) and postpartum
psychosis (more severe and |ess common affecting 0.1-0.2% of
women) [1]. Left untreated, PPD has serious consequences|[3]:
for the mother, diminished well-being, feelings of failure,
difficulties interacting with her infant, her family (partner's
mental health, relationship problems); and for her infant,
compromised cognitive and psychosocial development [4-8]
and increased risk of mental health difficulties even in
adolescence [9].

PPD isrelated to arange of biopsychosocia and cultural factors
[10]. Previous episodes especially during pregnancy [11] or
family history of mental health problems, low social and
emotional support, drug and alcohol abuse, past or present abuse
[12], and major life stressors are al major risk factors for PPD
[13]. Less salient risk factors include marital relationship
difficulties, low income, unemployment, and obstetric factors
and complications [14]. Issues encountered during the
reproductive year aso increase risk for PPD, premature birth,
and subsequent hospitalization of the infant (including carein
a neonatal intensive care unit) [15-17]. Culturally and
linguistically diverse women, especially refugees, asylum
seekers, and immigrants have increased risk [18].

There are also significant economic and social costs (eg, 10ss
of productivity for mother and father, health care costs, personal
and broader social and economic costs) to the community. For
example, Dagher et a [19] reported that PPD was related to
increased health care services use, which translated into higher
coststo providers. Research from the United Kingdom indicates
that costs associated with PPD are higher in high-risk women
[20]. An Australian analysis estimated the cost of PPD and
anxiety in mothersdelivering in 2012 to be $500 million by the
time the children reach 2 years of age [21].

Given the limited empirica evidence supporting use of
antidepressant medication with PPD [1,22], thereisasignificant
need to develop effective psychosocial treatment approaches.
Recent meta-analyses of psychosocia interventions for PPD
concluded that they have a moderate beneficial effect [23,24].
Treatment modalities have included counseling [25],
interpersonal psychotherapy (IPT) [26,27], and cognitive
behavior therapy (CBT). A wealth of research supports the
effectiveness of CBT interventions for depression in general
[28,29], and perinatal depression specifically. About two-thirds
of depressed individuals receiving CBT remit with treatment
[30] and also have areduced risk of relapse[29]. These benefits
appear to accrue particularly in individuals with mild to
moderate depression [31]. Milgrom and her colleagues created
and conducted a series of successful trials [32,33] using a
face-to-face individual PPD treatment program based on an
adaptation of the Coping with Depression course by Lewinsohn
[33,34] that also included elements of IPT (provided content
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on interpersonal relationships, an opportunity for partners to
become involved and provide input, and a focus on infants).

Although recent trials [35,36] have demonstrated that, within
a collaborative care model for depression, women suffering
from PPD can be screened within a stepped-care treatment
protocol during visitsto their health care provider [36,37], the
dataindicate that, overall, fewer than 50% of postpartum women
receive help for their depression [38-40]. Many of the available
PPD treatment approaches are office-based, which reducestheir
practicality for new mothers. In addition, patient-level barriers
to the uptake of treatment includetravel requirements, childcare,
stigma, feelings of failure, poor understanding of depression or
what help is available, and safety concerns about using
prescription medications [41-44]. Provider-level barriers that
discourage physicians and medical/clinic staff from becoming
more fully involved in PPD screening and treatment include
their lack of knowledge and skills due to insufficient training
regarding depression and mental health, their fear of liability,
the dearth of mental health treatment resources and flexible
referral systems, and inadequate reimbursement [45-50].

Web-based PPD treatment may reduce both patient- and
provider-level barriers to treatment uptake and thus extend the
reach of helpful treatments to underserved mothers suffering
from depression. For example, Web-based treatments can reduce
feelings of stigmabecause participationisrelatively anonymous
and can be completed in women’s homes (thus avoiding travel)
a times of their choosing without requiring childcare
arrangements. Providers can recommend that women use an
evidence-based Web-based PPD treatment program thus
alleviating their concerns about training deficits and/or time
required to provide treatment.

An increasing number of Web-based depression interventions
have emerged [31,51-61]. The efficacy of these interventions
has been demonstrated relative to control conditions in
populations with elevated symptoms and, increasingly, in
clinically diagnosed groups [62-66]. Face-to-face CBT hasalso
been compared with Web-based CBT treatment. For example,
Spek et a [60] found that both in-person and Web-based CBT
interventions were superior to a waitlist control, that no
significant differences were found between intervention
modality, and that reductions in depressive symptoms were
maintained at least 1 year after initiation of Web-delivered CBT.
Similar results have emerged in other published comparisons
[67,68]. Reviews of the available evidence [57,58,64,69]
indicate that purely self-guided Web-based interventions benefit
depressed individuals, but that effect sizeswere enhanced when
online programs were facilitated by alive coach [70]. Trained
coaches have been shown to enhance the therapeutic alliance
of Internet programs by providing low-intensity support [71]
and increasing adherence to online mental health treatments
[70,72].

Based on our review to date, there has been only one published
report of the results of a Web-based depression intervention for
postpartum women. In the randomized controlled trial (RCT)
by O’'Mahen et a based in England, 910 women with PPD
symptoms (>12 on the Edinburgh Postnatal Depression Survey
or EPDS [73]) were randomly assigned to either (1) a
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full-featured 11-sesssion Web-based behavioral activation
intervention (N=462) contextualized for PPD (NetMums) that
also included access to features of the popular NetMums
website/online community, special chat access to
parent-supporters and specialist health visitors, or (2) atreatment
asusual condition (N=448) [ 74,75]. Although there was notable
attrition at the 15-week follow-up (61% attrition in the
intervention and 64% in the control), results showed significant
benefitsto the intervention versusthe control condition. Among
completers at follow-up, there was clinically significant
improvement among 61% of women in intervention versus 41%
in the control.

The present study reports on the Web-based MomM oodBooster
(MMB) program based on Milgrom’s adaptation of the Coping
With Depression Course (CWDC) [76] for postpartum
depression [32,33,77] as well as an adaptation of the CWDC
for Web-based delivery [78]. MMB was developed and
pilot-tested by a multinational team from Oregon Research
Ingtitute (ORI), Parent-Infant Research Institute (PIRI) in
Melbourne, Australia, and the lowa Depression and Clinical
Research Center (IDCRC). The Australian version of the
program was localized for spelling (eg, it was rebranded to
MumMoodBooster), word choices, and selected videos. We
described the formative research foundation for this MMB in
aprevious paper [79]. Thisreport describesthe outcome results
of afeasibility trial of the MMB program.

Methods

Participants and Procedures

Participants (N=53) were recruited from two different research
sites (n=27 from our US site in lowa and n=26 from our
Australia site in greater Melbourne). Prospective participants
were identified via birth records, nurse/health professional
referrals, online advertisements, and news stories to local
university and hospital settings.

Upon receipt of areferral or direct contact from a prospective
participant, each woman was contacted by a member of the
research team to explain the study and obtain informed consent
for participation. During theinitial contact, apreliminary check
of eligibility criteria was conducted. Preliminary screening
criteriaincluded <9 months postpartum, =18 years of age, home
Internet access and use of personal email, and an EPDS score
[73] from 12-20 or a Persona Health Questionnaire (PHQ-9)
score [80] from 10-19. These ranges were chosen to identify
women with mild to moderately severe depression. Women
satisfyinginitia eigibility criteriawere then mailed a Participant
Information and Consent Form for their signature.
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Women meeting initial screening criteria then completed a
phone-administered Structured Clinical Interview for DSM-1V
Disorders (SCID) [81,82] and the Hamilton Rating Scale for
Depression (HRSD) [83-86] to evaluate the following exclusion
criteria: current diagnosis of substance abuse, bipolar disorder
or psychotic depression, and/or current treatment for depressive
symptoms including antidepressant medication or
psychotherapy. A participant’'s endorsement of suicidal
statements on assessments or to project staff triggered asuicide
risk management protocol designed to determine the presence
of current plansfor self-harm, resulting in an offer of assistance
and exclusion from participation in the study. Women who
satisfied all inclusion and exclusion criteria were invited to
participate in the study and were asked to complete the pretest
assessment by visiting the secure research website. Women who
did not meet eligibility criteria were offered treatment through
thelnfant Clinic (Australian site) and/or referral to other services
as appropriate (US site). The research protocol and related
informed consent procedures were reviewed and approved by
the Human Research Ethics Committee of Austin Health in
Australiaand the Institutional Review Boards of both ORI and
the University of lowa.

Following enrollment, participants worked through the MMB
program and received weekly phone callsfrom apersona coach
(psychologist or graduate research assistant at the Australian
site or a research assistant at the US site) who encouraged
participants to use the program, to practice the recommended
strategies, and to report their mood levels on a PHQ-9
assessment. Every effort was made to use the same personal
coach for each participant on each call. The program
automatically sent email reminders to encourage participants
to log into the program.

M easures

Overview

As described in Figure 1, assessments occurred at
screening/pretest (corresponding to enrollment), a posttest (3
months following pretest), and follow-up (6 months following
pretest). At posttest and follow-up, participants were asked to
compl ete questionnaires both by visiting the secure website and
completing another assessment by phone. By using the same
phone assessor, we hoped to obtain a more sensitive measure
of change. Expert phone assessors from our US research site
provided assessorsin our Australiasite with systematic training
(videoconferencing and reliability training using audio test
cases) in the use of the SCID and HRSD. All phone-based
assessments were recorded and reviewed.
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Figure 1. Measures by assessment point.
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Structured Clinical Interview for DSM-IV Disorders

Trained diagnostic interviewers conducted phone-based SCID
interviews[81,82]. In order to minimize respondent burden, we
used SCID Modules A-F, but we did not include the
Somatoform, Eating Disorders, and Adjustment Disorder
Modules.

Hamilton Rating Scale for Depression

Interviewers al so administered the HRSD [27,83-86] by phone.
Scoring isbased on the sum of 24 items. The maximum overall
score for the HRSD-24 is 69. For the current study, Cronbach
alpha=.76.

Edinburgh Postnatal Depression Scale

During screening, participants were asked to complete the
EPDS, a brief, smple self-rated, 10-item measure devel oped
to screen for symptoms of postpartum depression [38,87].
Responses are rated from 0 to 3 and summed to yield the score
with a maximum overall score of 30.

Participant Characteristics

We measured maternal age, delivery date and gestation, parity,
education, history of previous treatment for depression, and
household income.

Patient Health Questionnaire

Participants were asked to complete six separate PHQ-9
assessments from pretest, posttest, and follow-up. Personal
coaches administered the PHQ-9 during phone calls that
corresponded to Sessions 3 and 5 of the MM B program. These
serial PHQ-9 assessments were used for program evaluation,
to provide participants with a useful assessment of their status,
and as an important safety check of participant status[80,88-90].
PHQ-9 scores showing a 5-point or greater escalation from
pretest triggered a safety protocol, as did endorsement of the
PHQ-9 suicidality item. The maximum overall score for the
PHQ-9 is 27. For the current study, Cronbach alpha=.76. To

http://www.jmir.org/2013/11/e242/

evaluate the clinical significance of theintervention effects, we
calculated the minimal clinically important difference (MCID
[91]) based on Lowe et a [89], which represents areduction in
the PHQ-9 score of 5 points or greater. Thus, pretest-posttest
changes on the PHQ-9 of =5 points represented a clinically
important difference. For the current study, Cronbach alpha=.76.

Automatic Thoughts Questionnaire

Participants were asked to indicate how frequently over the
previous week they had negative thoughts using the 30-item
Automatic Thoughts Questionnaire (ATQ) [92,93] (eg, “My
lifeisamess’). Value options range from 0 to 4 (O=Not at all
to 4=All of the time) with a maximum score of 120. For the
current study, Cronbach alpha=.92.

Behavioral Activation for Depression Scale

We used the 25-item Behavioral Activation for Depression
Scale (BADS) to measure changes in activation,
avoidance/rumination, work/school impairment, and social
impairment (eg, “1 stayed in bed for too long even though | had
things to do”) [94]. Vaue options range from 0 to 6 with a
maximum score of 150. For the current study, Cronbach
alpha=.83.

Dyadic Adjustment Scale

We assessed women'’s relationships with their partners using
the Dyadic Adjustment Scale-7 (DAS-7) [95], an abbreviated
version of the Dyadic Adjustment Scale [96]. The genera
satisfaction score was calculated as the sum of al scores
(maximum score=36). For the current study, Cronbach a pha=.85

Parenting Sense of Competence

We included the Parenting Sense of Competence (PSOC)
efficacy scale[97] that asksthe participant to describe her extent
of agreement with 7 items designed to assess whether she is
knowledgeable and competent in being a mother [98] (eg, “I
honestly believe | have all the skills necessary to be a good
mother to my baby”). Value options ranged from 1 to 6
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(1=Strongly Disagree to 6=Strongly Agree) with a maximum
score of 42. For the current study, Cronbach alpha=.90.

Behavioral Self-Efficacy

Based on thework of Bandura[99] and Macigjewski et a [100],
we used 8 itemsto assess participant self-efficacy or confidence
in being able to work with the program to reduce feelings of
depression at pretest and posttest. The question asked was,
“During the past week, including today, how confident are you
in your ability to... (1) increase your daily pleasant activities?,
(2) control your negative thinking?; (3) increase your positive
thinking?; (4) get support when you need it?; (5) keep track of
your mood?; (6) reduce tension using rel axation?; (7) set realistic
goalsfor yourself?; and (8) manage your mood?’ Value options
ranged from 1 to 5 (1=Not At All Confident to 5=Very
Confident). Sdlf-efficacy scorewas computed asthe mean across
8 items. For the current study, Cronbach alpha=.88.

Website Metrics

We used industry-standard website analytic tools and planned
database flags recommended by Peterson [101] to track visit
patternsincluding the date/timefor each webpage viewed, which
enabled us to unobtrusively measure visit frequency and
duration. We also considered ways that participants were able
toinitiateinteractionswith the program (see Table 1) that shared
similar characteristics, as in initiate interaction only (eg, play
a video or tutorial), enter persona data into an activity (eg,
typed in reasonsinto alist, completed a drag and drop activity,

Table 1. Participant engagement activitiesin MomM oodBooster.

Danaher et d

completed online activities as part of recommended homework),
and personalized features of the program (eg, set goalsfor daily
pleasant activities, updated tracking of mood and activities,
uploaded personal pictures).

Personal Coach Call Metrics

Personal coaches also tracked the number and duration of calls
with participants. After each call, personal coaches provided an
impression of their working alliance with the participant
(response options: 1=minimal, 2=partial, 3=good, 4=excellent)
and the level of distraction during the call (response option:
1=none/limited, 2=some, 3=alot).

Program Helpfulness (Self-Report by Phone at Posttest)

We used open-ended itemsto ask participantsto identify aspects
of the program that were most helpful and least helpful. We
also asked participants if they would recommend the program
to other depressed postpartum women.

Program Usability (Self-Report Online at Posttest)

We obtained a quantitative measure of usability by asking
participants to complete our adapted version of the System
Usability Scale (SUS) [102,103], a 10-item scal e that asked the
participant to rate the degree to which she agreed (1=Strongly
Disagree to 5=Strongly Agree) with positive and negative
descriptions of a Web-based program (eg, “1 think that | would
like to use this website frequently”) [79]. The maximum score
(indicating maximum usability) is 100. For the current study,
Cronbach alpha=.80.

Activity Function

Examples

List activities
into their situation.

Expand-collapse activities
interest.

Drag & drop activity (see

Figure 3) distinguish between topics.

Goal setting activity (see

Figure 4) goals.

Practice change activities

Online behavior tracking

minate patterns, and to show progress.

Testimonial videos

the program.

Animated tutorials (see

Figure 2) lying models for change.

Personalizing pictures

website.

Encouraged creation of personal liststo gain insight

Enabled exploration of additional detail on topics of

Provided an interactive experience to more clearly

Interactive series of steps to encourage selection of

Homework tasks that were to be accomplished by
each participant in their normal routine, the results
of which could be shared with the personal coach.

Online tools used to capture participant data over
time designed to encourage self-monitoring, to illu-

Streaming videos of coping models who overcome
barriersin order to make changes recommended in

Animations used to provide an explanation for under-

Enabled participants to personalize the appearance
of the program, to make it feel like “their own”

Lists of my pleasant activities, list of supporters, my reasons for
wanting to feel better, my contributing factors, my high-tension
situations, my warning signs.

FAQs, Myths & Facts, etc.

Activity focusing on the difference between extreme thoughts
and everyday concerns.

Activity designed to help the participant to choose (1) the number
of pleasant activities to accomplish each day, and (2) which
strategies to work on once the program had concluded.

Noticing and identifying a downward spiral, what started it and
what happened; practice relaxation, making the most from
pleasant activities by anticipating and savoring activities.

Daily tracking of mood ratings and pleasant activities accom-
plished. These tracked data were also charted online.

Other women's experiences; asking for help, not worrying, doing
more fun activities, mood patterns, or managing stress.

Tutorials showed downward mood spirals and how they can be
interrupted at critical choice points.

Women could add 10 pictures of their choice to personalize the
webpages of the MMB program.
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Figure 2. Animated tutorial engagement activity.

Recognize Choice Point

Have difficulty soothing baby
Think I will never

understand my baby's
needs Feel inadequate

Watch partner settle

baby effectively

Think I am
an awful mother

Feel defeated
Act annoyed with partner
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Figure 3. Drag & Drop engagement activity.

Sorting Out your Thoughts

Extreme Thoughts or Healthy Concerns?
Drag the highlighted sample thought into the box where you think it belongs.

Sample Thoughts

Extreme Thoughts

« I will never be a good parent

« What if my child is unable to manage herself
when she grows up

My partner never helps with the baby

« I cannot soothe my baby effectively

« I should be able to meet all of my baby’s needs

Healthy Concermns

* Being a parent is harder than I imagined it would be
« I would like to be more patient
 Sometimes I want a break from my baby

« I'm feeling sad today
omwpmmwamdmmm
« I feel embarrassed when my house is a mess o I get upset when my baby cries
« I have to stay home with the baby « I get frustrated when my baby wakes me up

« I would like to get out of the house more often

o It is just terrible that my baby will not be a
normal kid
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Figure 4. Goalsetting engagement activity.
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partner, and others who are important to you. - A L
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One way you can take care of your mood going forward is to ‘1._3
Session 5 review the value of specific strategies you learned as a part of this 4
program. If a strategy works for you in the program, then it
makes sense to continue using it. v —

B Planning for the future
Program concepts
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New
Watch & respond

the strategy worked for you):
routine

Rate the helpfulness of each of the following strategies by clicking
the stars (5 stars is best; ratings of 3, 4, and 5 stars show that

Commitment
Questions
Summary

This sorted list of your strategies based upon your helpfulness
ratings is also available in your printable Workbook.

MMB Intervention

Web-Based Content

We developed the MMB program using an iterative formative
research processthat included focus groups and usability testing
[79]. A detailed description of this process and a schematic
depiction of the MMB program is available in our earlier
publication [79]. The MMB program aso includes three
complementary websites: (1) a personal coach portal to enable
coachesto review the progress each participant has made going
through the program, (2) a simplified Partner Support website
designed to provide participant partnerswith information about
PPD and an overview of MMB, and (3) an administrative
website that enabled research staff to monitor completion of
the assessments and other el ements of the research project. The
MMB program was designed to be fully scalable and to run on
PC and Mac computers using various current browsers without
plugins or applications. Java scripting, HTML+CSS, and
Dynamic HTML were used to deliver interactive content.

The program consisted of the following six sequential sessions
with each successive session becoming available weekly.
Sessions were as follows: (1) Getting Started, (2) Managing
Mood, (3) Increasing Pleasant Activities, (4) Managing Negative
Thoughts, (5) Increasing Positive Thoughts, and (6) Planning

http://www.jmir.org/2013/11/e242/

RenderX

for the Future. Each session opened with an autoplay host video
that introduces the session goals. Webpages delivered content
using text, programmed interactions, animations, and videosto
present program content. Tunnel architecture [104] was used
to guide participants through the six sessions. While each
successive program session could be accessed weekly, the
schedulewasflexiblein that participants could take an additional
week to complete any session. Coach calls corresponded to each
program week. Thus, it was possible for the MMB program to
be completed in 6-12 weeks with 6-12 coach calls.

The program includes a number of features designed to
encourage participant engagement and behavior change (see
Table 1 and Figures 2-4). For example, each day the program
encouraged participants to enter ratings of their mood and to
note the number of pleasant activities they engaged in. They
were also able to type in persond lists, view videos and
animations, and access a library of relevant articles on
communication skills, getting support, managing stress,
managing time, solving problems, sleep and caring for baby,
baby’s needs, and relationship with partner.

Because socia isolation and stigma are common in this
population, MMB includes a private peer-based Web forum in
which mothers can post messages as well as read and interact
with the messages of other program participants. Finally, the
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program could be used by participants to send an email
invitation to their partner encouraging them to visit a separate
MMB informationa website that described postpartum
depression, the MMB program, and the important role of
partners play [105,106].

As research shows, receiving email reminders can help to
encourage greater adherence with Web-based interventions[31],
MMB participants were sent automated email reminders to
encourage their engagement with the Web-based program as
well as to prompt them to complete the online assessments.
Participants were able to access the online program for 6+
months following enrollment.

Personal Coach Calls

The entire program was facilitated by a series of phone calls
with a personal coach. All coaches were graduate research
assistants or research psychol ogists who had received training
in the content of the MMB program, their roles as coaches
versus therapists/counselors, and in their data collection
responsibilities. Coach training started with a guided tour of the
MMB program and its coach portal that summarized participant
use of the features of each session. This was followed by a
videoconference that included review of the coach manual that
contained detailed scriptsfor each call, the coach data collection
responsibilities, and a discussion of the role of the coach and
the rationale for making calls (ie, to provide a human voice
behind the automated program, to hel p each participant problem
solve possible barriers to using the program, and to encourage
program use). All coach callswere audiorecorded, and a subset
was selected to monitor fidelity of implementation as well as
reliability of phone-administered assessments.

Statistical Analysis

Changesin PHQ-9 scores across time were evaluated using an
unconditional growth model nesting repeated measures within
individuals. This multilevel model includes time as the only
predictor, coded as the number of weeks since the pretest
assessment, and allows the number and spacing of measurement
occasions to vary across persons [107]. A self-efficacy score
was computed as the mean across 8 items. Pretest to 3-month
posttest and pretest to 6-month follow-up comparisons on the
ATQ, BADS, DAS-7, PSOC, and self-efficacy were evaluated
using paired samplest tests.

All analyses involved an intent-to-treat approach whereby
missing data were addressed in one of two ways recommended
by Schafer and Graham [108]. We used a model-based
maximum likelihood procedure in the analysis of PHQ-9 data
in which parameter estimates were computed based on all
avalable raw data. We used detailed data on participant
engagement as person-level predictorsof thelinear and quadratic

http://www.jmir.org/2013/11/e242/
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dlope parameters specified in the unconditional PHQ-9 growth
model. We also used the multiple imputation procedurein SPSS
version 21 to account for missing data for our analysis of the
ATQ, BADS, DAS-7, PSOC, and self-efficacy outcomes. Our
multiple imputation procedure was fully conditional and used
the iterative Markov chain Monte Carlo method to generate 20
complete datasets using al outcomes across time as predictors
of missing values. The imputation model for each variable was
alinear regression and included a constant term and main effects
of predictor variables. Paired samples t tests were conducted
for each measure across each of the 20 imputed datasets and
reported pooled estimates in the results. To supplement tests of
statistical significance, we computed partial point-biserial r as
a measure of effect size in accordance with Rosenthal [109].
Partial point-biserial r was defined as V(t? / (> + df)); small
effect size=0.14, medium effect size=0.36, and large effect
Size=0.51[110].

Results

Participant Characteristics and Study Attrition

Of the women who started the study, two were withdrawn
because of concerns regarding self-harm and one woman
withdrew of her own volition because she reported that she was
feeling better and no longer wanted to be in the study. The
resulting sample of 53 study participants had amean age of 31.9
years (SD 5.1), amean of 39.1 weeks (SD 2.4) gestation when
their baby was born, and a mean number of 2.0 (SD 1.1)
children. Mean baby age at the pretest was 5.5 months (SD 2.9).
Participantswererelatively well educated (14/53, 26% reported
having graduate or postgraduate degrees) and 59% (31/53)
reported annual family income of at least $60,000. Based on
the SCID at screening, 49% (26/53) met criteria for DSM-1V
major depressive disorder. Pretest characteristics of participants
are presented in Table 2.

Of the remaining participants, 87% (46/53) completed all six
sessionsin the program. Posttest data were collected from 89%
(47/53) on al key measures with the exception of the HRSD
(45/53, 85%). Follow-up data at 6 months were collected from
87% of women (46/53). The extent to which attrition threatened
the externa validity of the study was evaluated using
contingency table analysesand t tests. Overall attrition was 13%
(7/53) from pretest to 6-month follow-up. Attrition was not
associated with demographic characteristics or pretest values
on the outcome measures. Given the minimal rates of missing
data and the low likelihood of bias due to attrition, maximum
likelihood estimation and multiple imputation procedures were
appropriate for modeling potential intervention effects. Note
that imputation was used to handle both types of missing data
(ie, fully missing and “present” but with partial data).
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Table 2. Selected participant characteristics at pretest (N=53).

Danaher et d

Characteristics n %
Baby’s gender
Male 28 53
Female 25 47
Pregnancy was a multiple birth
Yes 2 4
No 50 94
No answer 1 2
Marital status
Married 43 81
Widowed 1 2
Divorced 1 2
Separated 2 4
Single 6 11
Education
< High school 5 9
High school 6 11
GED/certificate level 5 9
Associates degree/advanced diploma 2 4
Bachelor degree 17 32
Master/graduate degree 5 9
Doctoral/postgraduate degree 9 17
Other 3 6
No answer 1 2
Annual family income
Up to $20,000 4 8
$20,001-$40,000 9 17
$40,001-$60,000 5 9
$60,001-$80,000 14 26
>$80,000 17 32
No answer 4 8

Primary Depression Outcomes

Patient Health Questionnaire Scores

As shown in Table 3, PHQ-9 scores decreased from pretest
(mean 12.6, SD 4.1) to posttest (mean 5.0, SD 4.4) and the
6-month follow-up (mean 4.2, SD 3.9). Changes from pretest
were statistically significant (P<.001) with large effects at
posttest (partial r=.77) and 6-month follow-up (partial r=.82).
In terms of clinical significance, at pretest, 55% (29/53)
participants met PHQ-9 criteriafor minor or major depression.
At posttest, 90% (26/29) no longer met these PHQ-9 criteria.
Results also indicated that 77% (36/47) of the participants
experienced a minimal clinicaly important difference (ie, =5
point decrease) in their PHQ-9 depression scores from pretest
to posttest.

http://www.jmir.org/2013/11/e242/

Figure 5 depicts the observed and model-implied tragjectory of
PHQ-9 scores from pretest through the 6-month follow-up. A
visual inspection of the data and a likelihood ratio (LR) test
suggested that including alinear and quadratic growth parameter
resulted in significantly better fit compared to a linear-only
model (LR statistic with 2 degrees of freedom=36.79, P<.001).
The statistical model that included linear and quadratic growth
(-2 log-likelihood=1429.06, Akaike information
criterion=1437.06, Bayesian information criterion=1451.25)
implied an average pretest PHQ-9 score of 11.49 (SE 0.48),
which decreased over timeindicating asignificant improvement
in participant depression. Specifically, the mode revealed a
significant initial linear decrease (estimate=-0.79, SE 0.07,
P<.001, partial r=.61) that significantly decelerated over time
(estimate=0.02, SE 0.002, P<.001, partia r=.57). We also tested
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for differentia trajectories in PHQ-9 scores between US and
Australian participants by adding the main effect of region and
the time by region interactions to the unconditional growth
model described earlier. None of these parameters were
statistically significant (P>.50), suggesting similar PHQ-9
trajectories between US and Australian participants.

Danaher et d

HRSD Scores

Asnoted in Table 3, HRSD scores also decreased from pretest
(mean 16.9, SD 6.9) to posttest (mean 7.0, SD 5.6) and the
6-month follow-up (mean 6.6, SD 6.8). Changes from pretest
were statistically significant (P<.001) with large effects at
posttest (partial r=.75) and 6-month follow-up (partial r=.71).

Table 3. Outcome results (mean is pooled mean; SD is average standard deviation across 20 imputed datasets).

Measure Pretest Posttest (3 Pretest compared to posttest Follow-up (6 mos.)  Pretest compared to follow-up
mos.)
Mean (SD) Mean (SD) t (df=52) P Partial r  Mean (SD) t (df=52) P Partial r
PHQ-93¢ 12.6 (4.1) 5.0 (4.4) 8.66 <.001 77 4.2(3.9) 10.43 <.001 .82
HRSD?¢ 16.9 (6.9) 7.0 (5.6) 8.28 <.001 75 6.6 (6.8) 7.28 <001 71
ATQ?® 23.7 (12.0) 11.2(10.7) 6.29 <.001 .66 10.8 (13.9) 4.95 <.001 57
BADS>f 78.4 (18.4) 103.9 (19.3) -8.73 <.001 77 105.6 (22.3) -7.13 <.001 .70
PsocP9 29(11) 3.6 (1.0) -5.63 <.001 .62 4.0(1.0) -5.44 <.001 .60
Self-efficacy® 1.6 (0.7) 2.4(0.8) -4.32 <.001 51 2.6 (1.0) -6.61 <.001 .68
DASPP 22.0(6.8) 225(7.1) -0.40 689 .06 24.0 (8.8) -1.78 077 24
& ower scoreis better.
bHigher score is better.
°PHQ-9—Patient Health Questionnaire.
9HRSD—Hamilton Rating Scale for Depression.
EATQ—Automatic Thoughts Questionnaire.
‘BADS—Behavioral Activation for Depression Scale.
9PSOC—Parenting Sense of Competence Scale.
hDAS—Dyadic Adjustment Scale.
Figure5. Longitudinal trajectories of the Patient Health Questionnaire-9 scores from pretest through 6-month follow-up.
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Secondary Outcomes and Putative M echanisms of
Change

Table 3 also provides descriptive statistics and the pretest to
posttest and pretest to 6-month follow-up comparisons on the
ATQ, BADS, DAS7, PSOC, and sdf-efficacy measures.
Statistically significant and large effects from pretest to posttest
wereobtained for the ATQ (partial r=.66), BADS (partial r=.77),
PSOC (partial r=.62), and self-efficacy (partial r=.51). From
pretest to 6-month follow-up, statistically significant and large
effectswere obtained onthe ATQ (partial r=.57), BADS (partial
r=.70), PSOC (partial r=.60), and self-efficacy (partial r=.68).
Measures of the DAS from pretest to posttest and follow-up did
not show significant change.

Website Engagement and Program Usability

Unaobtrusive program use data indicated that mothers were
engaged with the program: visit days (mean 15.2, SD 8.7);
number of visits (mean 20.1, SD 12.2); total duration of visits
in hours (mean 5.1, SD 1.3); and number of sessions viewed
out of six (mean 5.6, SD 1.3). A total of 96% (51/53) of
participants kept track of their daily mood ratings at least once
(mean 38.1 daystracked, SD 25.6) and 92% (49/53) tracked the
pleasant activities they wanted to accomplish each day (mean
29.2 days tracked, SD 23.7). The website forum provided the
opportunity to post and view content; 38% (19/53) of mothers
(mean 1.5, SD 2.9) posted forum content, and 74% (39/53)
(mean 30.2, SD 26.8) viewed content. In addition, the MMB
partner support website was accessed by 34% (18/53) of the
participants’ partners. Results on the System Usability Scale
[111,112] administered at posttest provide a quantitative
measure of program ease of use. The mean System Usability
Scalescorewas84.4 (SD 11.6, range 52.5-100), which trand ates
to ausability grade of “A” for the MMB program.

We explored associati ons between engagement and trajectories
of PHQ-9 scores within a series of conditional growth
models. These modelsincluded program engagement indicators
as a composite measure as well as separately. Overall, the
statistical models implied that program engagement was
associated with additional decreases in PHQ-9 from pretest
through follow-up. Specifically, the composite measure of
program engagement was significantly related to the PHQ-9
linear slope parameter (estimate=-0.24, P=.021, partial r=.37).
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Thelinear slope parameter was also significantly related to the
number of visit days to the program (estimate=-0.02, P=.043,
partial r=.31) and selected engagement activities (see Table 1):
the proportion of list activities completed (estimate=-0.02,
P=.006, partial r=.43) and the proportion of activities engaged
inthat involved entering personal data (estimate=-0.01, P=.008,
partial r=.44). Interestingly, the overall duration of program
use was not significantly associated with the trajectories of the
PHQ-9 scores.

Personal Coach Calls

A total of 98% (52/53) of women agreed to receive personal
coach calls. Coaches made amean of 5.65 callsto each assigned
participant (N=52; SD 1.58, Min=1; Max=9). Mean total contact
duration per participant summed over al callswas 96.99 minutes
(N=52; SD 49.21; Min=6.10; Max=212.07). Personal coaches
reported, on average, that they had agood working alliance with
participants (mean 3.07, SD 0.44) and reported low levels of
distraction during the calls (mean 1.26, SD 0.35).

Participant Satisfaction

At posttest, participants reported being quite satisfied with MMB
features (mean 3.3, SD 0.4 on a4-point scale: Not at all satisfied
to Very satisfied), and they rated personal coach calls as being
helpful (mean 3.4, SD 0.9 on 4-point scale: Not at al helpful
to Very helpful). Responses to open-ended questions about
satisfaction are noted in Table 4.

Use of Other Programs

At posttest we also asked participants “ Since you enrolled in
the MomMoodBooster program 3 months ago, which of the
following products or programs have you used to manage your
mood?’. A total of 30 out of 48 participantsreported asfollows:
12 (25.0%) read self-help books, 7 (14.6%) took medication
for depression, 6 (12.5%) participated in an individual treatment
program, 3 (6.3%) used hypnosis or acupuncture, 1 (2.1%)
participated in agroup treatment program, 1 (2.1%) participated
in another Internet treatment program, and 30 (62.5%)
participants indicated they had not participated in any other
programg/products. Use of other programs for mood
management was not significantly associated with the
trajectories of the PHQ-9 scores.
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Table 4. Participant comments on program satisfaction.
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Question Comments

Q1: In what ways did you find the Mum/Mom-
MoodBooster program most helpful ?

Support by phone, private time to do it
Forced me to think about myself, focus on positive thinking helpful overall

Valuable reassurance especially as can't get out

Found it helpful in that feel more equipped to manage mood and emotions - online format is great
asit alows easy access no matter what time of day

Info was fine seemed very slow—sense of obligation was helpful—threat of phone coach calling
forced to think about improving mood; to do list kind of person

Phone callsto help keep you on track and tracking mood and activities so you can identify patterns

Like how tasks were broken down into steps—strategies felt like they were achievable

Gave permission to not have focus 100% be on the baby—to do something for self

Q2: In what ways did you find the personal

coach callsto be helpful ? suring

Really good at normalizing situations—al so the flexibility of the coach (if baby cries, etc) wasreas-

Reaffirmed things in the course, someone to talk to, to make sure you're on track —not isolat-
ed—good that someone was going to call—something to look forward to—someone was going to
ask you how you're doing with program—motivated to do program—sharing

Help me remember to log in

“Personal” feeling rather than website but content nothing new/warm

Felt someone was caring

Callstie the whole program together act as a“check-in” for how feeling, review the materials from

session

Makes you accountable—keep going with session—would be easy to leave it for next week if no
coach calls—helpful to talk through the information and clarify certain points

Discussion

Principal Findings

Pilot study results described in this report—when combined
with results of our formative research [79]—provide
comprehensive evidence supporting MomMoodBooster, an
innovative Web-based intervention for postpartum depression.
Pilot study participants, aclinical sample of 53 women recruited
from the United States and Australia, were very engaged with
the MomMoodBooster program: 87% completed the 6-month
follow-up assessment, they viewed an average of 5.6 out of the
6 sessions, spent an average of more than 5 hours using the
program, and spent an average of more than 95 minutes on
personal coach calls. Their average number of 20.1 program
visits compares quite favorably to results reported for many
other Web-based depression interventions [113]. Participants
also reported positive ratings regarding program usability, which
was mirrored in their favorable ratings and comments regarding
the program, including coach calls.

It isimportant to note that the relationship between participant
engagement in the program and depression outcomes warrants
further analysis as our measure of program use duration was
not significantly associated with improvement in depression as
measured by trajectories of the PHQ-9 scores. Elsewhere [114]
we have recommended that there may not be simple
dose:response rel ationshi ps between engagement and outcome
and that composite measures incorporating several dimensions
of program usage need to be explored in this regard.

http://www.jmir.org/2013/11/e242/

Over the course of the program, participants showed significant
improvementson clinician-rated HRSD and self-reported PHQ-9
assessments, and they sustained those improvements over the
6-month follow-up period. Fully 77% reported experiencing
clinically important improvement in their PHQ-9 scores.
Putative mechanisms of change showed corresponding
improvements.

Our 13% participant attrition is slightly higher than what has
been reported for telephone-delivered therapies [113], and
notably lower than the 25% to 50% reported in face-to-face
psychotherapy and the sizable attrition rates reported in self-help
Internet interventions [115]. Importantly, attrition was much
lower than the nearly 60% attrition rate reported in a published
paper on a Web-based intervention with women with PPD [74]
and athird of that reported by Milgrom in her group-based CBT
intervention for postpartum depression [33], the treatment
approach embodied in the MMB program.

We believe that the highly encouraging results for participants
using the MM B program were associated with three factors: (1)
our adaptation and contextualization to PPD of Lewinsohn's
Coping with Depression Course, as embodied in Milgrom's
work, (2) MMB'’s online engagement activitiesthat encouraged
participantsto be actively involved, to spend time, and to follow
treatment recommendations, and (3) persona coach calls that
provided a key element of supportive accountability, which
encouraged engagement and follow-through.

There are several study limitations that should also be noted.
For example, we used a quasi-experimental design without a
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randomized controlled condition, thus we were not able to
control for potential threatsto theinternal validity such asbiases
dueto selection or maturation effects. In addition, our relatively
small sample size may limit the generalizability of the study
findings. We aso recruited a convenience sample, which may
not be representative of depressed postpartum women, generally.
In addition, participants were relatively well educated and had
arelatively high socioeconomic status. Finally, we did not assess
the maintenance of the treatment benefits beyond 6 months.

Next Steps

We agree with the conclusion expressed by Lewis et a [116]:
“Given the time, cost, and childcare constraints of traditional
interventions for postpartum depression, evaluations of new
and innovative interventions are needed.” Based upon the
promising results of our pilot study, we believe that the
Web-based MomMoodBooster program representsjust such an
innovative treatment option. Next stepsworthy of consideration
include additional research. For example, controlled research
isneeded to evaluate MMB compared to alternative approaches
when implemented within extant treatment programs based in
real-world settings, such asin telephone-administered treatment
programs [117-119], depression care management programs
[120], nurse home visitationsto pregnant and postpartum women
[121], and in depression treatment provided in physician offices
[35,36]. MM B would seem to be particularly appropriate within
a stepped-care model as it could offer a low-cost, high-reach
option as a preliminary treatment step [36,37] and/or in
conjunction with other, moreintensive “ high-touch” treatments.
Additional research might also examinetherole of the personal
coach. For example, rather than using research staff as coaches,
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it would be useful to test the use of endogenous providers as
coaches. And since the cost and feasibility of providing 6
scheduled personal coaching calls may limit implementation
opportunities, additional research might consider ways to
provide fewer coach calls or provide a stepped-care approach
that would tailor callsto the expressed interests of the recipient.

It would also be helpful to determine how program content
might be adapted and delivered to reach low-income and
minority postpartum depressed women by accommodating
cultural differences [119], learning styles, and preferences in
terms of tools/platforms to access program content (eg, use of
smartphonesis closing the “digital divide” [122,123]).

Finally, MMB could be expanded to include content on antenatal
depression and/or content to enhance mother:infant interactions,
two under-recognized and often untreated problems [45, 46]
that have profound effects on maternal and infant well-being
and health. In addition to being arisk factor for PPD, antenatal
depression is related to more frequent pre-eclampsia [124],
preterm birth [125], low birth-weight [126], and adverse
obstetric outcomes [127]. It also diminishes capacity for
maternal self-care as it can be accompanied by inadequate
nutrition, drug and alcohol abuse, and poor prenata clinic
attendance, al of which can further compromise the health of
mother and baby [128,129]. Because research showsthat treating
postpartum depression does not improve poor mother:infant
interactions, which results in risk to maternal and infant
well-being and health [1,130,131], then additional program
content might be included in MMB in order to address this
important area.
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Abstract

Background: Cognitive-behavioral therapy (CBT) has demonstrated efficacy and effectiveness for treating mood and anxiety
disorders. Dissemination of CBT via videoconference may help improve access to treatment.

Objective: The present study aimed to compare the effectiveness of CBT administered viavideoconference to in-person therapy
for amixed diagnostic cohort.

Methods: A tota of 26 primarily Caucasian clients (mean age 30 years, SD 11) who had a primary Diagnostic and Statistical
Manual of Mental Disorders, 4th edition text revision (DSM-1V-TR) diagnosis of a mood or anxiety disorder were randomly
assigned to receive 12 sessions of CBT either in-person or viavideoconference. Treatment involved individualized CBT formulations
specific to the presenting diagnosis; all sessions were provided by the same therapist. Participants were recruited through a
university clinic. Symptoms of depression, anxiety, stress, and quality of life were assessed using questionnaires before, after,
and 6 weeks following treatment. Secondary outcomes at posttreatment included working alliance and client satisfaction.

Results: Retention was similar across treatment conditions; there was one more client in the videoconferencing condition at
posttreatment and at follow-up. Statistical analysis using multilevel mixed effectslinear regression indicated asignificant reduction
in client symptoms across time for symptoms of depression (P<.001, d=1.41), anxiety (P<.001, d=1.14), stress (P<.001, d=1.81),
and quality of life (P<.001, d=1.17). There were no significant differences between treatment conditions regarding symptoms of
depression (P=.165, d=0.37), anxiety (P=.41, d=0.22), stress (P=.15, d=0.38), or quality of life (P=.62, d=0.13). There were no
significant differences in client rating of the working alliance (P=.53, one-tailed, d=-0.26), therapist ratings of the working
aliance (P=.60, one-tailed, d=0.23), or client ratings of satisfaction (P=.77, one-tailed, d=—0.12). Fisher’s Exact P was not
significant regarding differences in reliable change from pre- to posttreatment or from pretreatment to follow-up for symptoms
of depression (P=.41, P=.26), anxiety (P=.60, P=.99), or quality of life (P=.65, P=.99) but was significant for symptoms of stress
in favor of the videoconferencing condition (P=.03, P=.035). Difference between conditions regarding clinically significant
change was also not observed from pre- to posttreatment or from pretreatment to follow-up for symptoms of depression (P=.67,
P=.30), anxiety (P=.99, P=.99), stress (P=.19, P=.13), or quality of life (P=.99, P=.62).

Conclusions: The findings of this controlled trial indicate that CBT was effective in significantly reducing symptoms of
depression, anxiety, and stressand increasing quality of lifein both in-person and videoconferencing conditions, with no significant
differences being observed between the two.

Trial Registration: Australian New Zeadland Clinical Trials Registry ID: ACTRN12609000819224,
http://www.anzctr.org.au/ACTRN12609000819224.aspx (Archived by WebCite at http://www.webcitation.org/6Kz5iBMiV).
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Introduction

Approximately 20-25% of people are likely to suffer from a
mood disorder during their lifetime[1]. They arealeading cause
of disability for people aged 15-44, and the direct medical costs
associated with unipolar depression have been estimated to be
AUD $27,237 per person per year [2]. Anxiety disorders are
also common, with approximately 29% of peoplelikely to meet
the diagnostic criteria during their lifespan [1]. Cognitive
behavioral therapy (CBT) is an empiricaly validated
psychological treatment that can be used to effectively treat
mood and anxiety disorders. It isatime-limited and structured
therapy that aims to help clients identify and reality-test
unhelpful cognitions and correct maladaptive behavior [3,4].
Meta-analysis research has indicated that CBT is effective in
the treatment of disorders such as depression [5],
obsessive-compulsive disorder [6], generalized anxiety disorder
[7], socia phobia [8], panic disorder [9], and posttraumatic
stress disorder [10]. Strong evidence also exists indicating that
CBT can be effectively used to treat client groups presenting
with amixed array of mood and anxiety disorders[11].

At present, there is limited access to empirically validated
treatments [12], particularly in remote locations. One way of
increasing accessisto provide services viaremote media, such
as telepsychology, which is the provision of psychological
services via videoconference [13-15]. There is a substantial
amount of evidence supporting the use of CBT to treat mood
and anxiety disorders in-person; thus, it is important to
determine if these findings extend to CBT administered via
videoconference. Providing mental health services via
videoconference for rural and remote populations has been
reported to be cost effective [16-18], have high satisfaction
[19,20], be used to reduce referrals to in-patient clinics [21],
and offer diagnosis results comparable outcomes to in-person
[22,23]. Interaction via videoconference has aso been shown
to reduce depression and loneliness in elderly nursing home
residents[24].

Some evidence existsindicating that manualized CBT provided
via telepsychology for restrictive diagnostic profiles can be
effective [25-28]. Bouchard et a [25] conducted a controlled
trial comparing a manualized CBT treatment for panic and
agoraphobia via videoconference (n=11) to in-person (n=10).
The results indicated that 81% (9/11) of participants in the
videoconferencing condition were panic-free at posttreatment
and 91% (10/11) at 6-month follow-up. The differences between
conditions with regards to client symptoms and quality of the
working aliance were not significant. Mitchell et al [27]
conducted arandomized controlled trial of CBT for the treatment
of bulimianervosaand compared the clinical outcomes obtained
in-person to via videoconference. Six doctoral-level students
administered therapy, and 128 participants were involved over
a 4-year time period. Again, no significant differences were
observed between thein-person and videoconferencing condition
with regardsto reduction in symptomol ogy, therapeutic alliance,
and treatment retention. Morland et al [28] conducted a study

http://www.jmir.org/2013/11/e258/

involving 125 participants with posttraumatic stress disorder
randomly assigned to either in-person or videoconference-based
group therapy for anger management. Similarly, the findings
indicated that the clinicad outcomes obtained via
videoconference were not inferior to what were obtained
in-person.

Some studies have been conducted that involve a mixed
diagnostic client cohort. Day and Schneider [29] conducted a
randomized controlled trial comparing the effectivenessof CBT
when administered either in-person, via 2-way audio or via
videoconference for a cohort of clients with a variety of
presenting issues. All treatment sessions were conducted at the
same location. The study involved 16 clinicians and 80 clients,
and the most frequent presenting concerns pertained to body
image, family relationships, salf-esteem, and work/school issues.
The intervention was effective in al conditions, and the results
did not indicate any significant difference between treatment
modalities. Despite these encouraging findings, theintervention
included only five treatment sessions, psychiatric conditions
were not diagnosed, reliable change and clinical significance
were not analyzed, and a multivariate analysis was used to
address a series of univariate research questions. Griffiths,
Blignault, and Yellowlees [30] reported the details of a study
involving 15 clients presenting with depression and/or anxiety
who were treated with 6-8 sessions of CBT by their case
managers. The pre-post treatment dataindicated that the clients
mental health was significantly better after treatment, but there
was no in-person control condition. In a more recent study
involving an in-person randomized comparison condition,
Dustan and Tooth [31] investigated clinical outcomes for 6
clients (3 in each condition) that presented with either an anxiety
or mixed anxiety-depression disorder. Two trainee psychol ogists
provided 6-8 sessions of CBT, and symptoms were measured
pre-, post, and 1-month follow-up. All 3 clients in the
videoconferencing condition showed significantly reduced
symptomology at follow-up, but due to the small sample size,
an analysis comparing in-person to videoconference-based
outcomes could not be made. Given these limitations, further
videoconference-based research is needed to extend in-person
research pertaining to mood and anxiety disorders[11].

Research hasindicated that when CBT is successful in reducing
the symptoms of a psychological disorder, clients typicaly
experience aconcurrent increasein quality of life[32]. Changes
inquality of lifeasaresult of treatment administered viadigital
media have been addressed in some contexts [33], but research
specifically pertaining to videoconferencing and quality of life
is limited [34]. Hence further research is recommended to
address this gap in the literature.

The present study aimed to investigate whether CBT
administered viavideoconference produces comparableclinical
outcomes to treatment provided in-person. The treatment will
be focused on addressing anxiety and mood disordersincluding
participants that present with comorbid diagnosis. This study
used a randomized, active control design, structured clinical
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assessments, with symptoms measures administered at
pretreatment, posttreatment, and at 6 weeksfollowing treatment.

Methods

Participants

The Curtin University ethics committee approved this study
and all participants provided signed consent. Participants were
recruited viathe Curtin University Psychology Clinic and were
either self-referred or referred from community health agencies
viatelephone, letter, fax, or email. Participant recruitment began
inJanuary 2010 and ended in April 2011. Therecruitment ended
because no more time was available for this activity during the
course of the degree. We recruited 29 participants but 3 did not
meet the inclusion criteria. Inclusion criteria consisted of a
primary diagnosis of a Diagnostic and Statistical Manual of
Mental Disorders, 4th edition text revision (DSM-IV-TR) [35]
Axis-| disorder, aged 18-65 years old, and living in Perth,
Western Australia. Exclusion criteria included a DSM-IV-TR
[35] diagnosis of anorexia, psychosis (past or present), or a
personality disorder as the primary diagnosis, as well as any
self-harm  or suicidal  behaviors currently  receiving
psychotherapy and/or involvement inlegal proceedings. Figure

Figure 1. The number of participants and their flow throughout the study.

Stubbings et al

1 displays the participant flow over the course of the study. All
assessments, treatment, and data collection were conducted at
the university clinic.

The sample included 26 participants, aged 18-59 years (mean
30 years, SD 11 years). The videoconferencing condition
included 6 malesand 8 femal es; thein-person condition included
5 males and 7 females. An in-person clinical interview along
with the Structured Clinical Interview for the DSM (SCID)
[36,37] was used to screen the participants. The I nterference of
Severity Scale adapted from the Anxiety Disorders Interview
Schedule [38] was used to determine which disorder should be
the primary focus of treatment. The average number of
presenting disorders in both conditions was 3, and there were
only 2 clientswho presented with only 1 diagnosis. The number
of clients in each condition who met the criteria for various
Axis-| and Axis-1l disordersisdisplayed in Tables 1 and 2. No
data were collected regarding clients' prior experience with
computers and videoconferencing technology. Six participants
reported that they were on antidepressants before starting the
study. A record of medication usage by participants was not
taken, but they were asked not to change their medication dosage
during the course of the study.

Screened
n=29

Did not meet inclusion

criterian =3

Randomly allocated To Condition

Videoconference
Pre-Treatment

n=26
In-Person
Pre-Treatment
g [

n=14

Droppedoutn=1

Only completed 8
sessionsn=1

Dropped outn=1

Only completed 10
sessionsn=2

Post-Treatment

Post-Treatment

n=10 n=11
No longer met inclusion
criterian =1
— No longer met inclusion
Did not provide follow- CREeRE D
updatan=1
Follow-up Follow-up
n=28 n=9
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Table 1. The number of clients that met the criteriafor Axis-| disorders at pretreatment.

Primary Axis-| disorder ~ Comorbid Axis-| disorder

IPA veb P vC

Axis-| mood disorders

Major depressive disorder 5 1 3 4

Dysthymic disorder 1 3 3

Cyclothmic disorder 1
Axis-| anxiety disorder

Panic with agoraphobia 1

Panic without agoraphobia 1 2

Socia phobia 1 1

Obsessive-compulsive disorder 4 8 1 1

Posttraumatic stress 2

Generalized anxiety 2 3 2

Hypocondriasis 1 1 1
Other Axis-| disorders

Adjustment disorder 1

Eating disorder NOS (binge eating) 2

Alcohol dependence 1

Cannabis dependence 1

Dysparenuia 1

Impulse control disorder (not otherwise specified) 1

Attention-deficit hyperactivity 2

Amphetamine-induced psychotic disorder 1

Substance-induced mood disorder with manic features 1

8 P=In-person.
by C=Videoconference.

Table 2. The number of clients that met the criteriafor Axis-I1 disorders at pretreatment.

Axis-I disorders In-person Videoconference
Schizotypal personality disorder 1

Borderline personality disorder 1

Narcissistic personality disorder 1 1

Avoidant personality disorder 6 4
Obsessive-compulsive 5 9

Treatment Protocols

For each client, an individualized CBT formulation was devised.
Manualized CBT interventionswere used asaguideto planning
and implementing treatment for specific disorders such as
panic/agoraphobia  [39], depression/dysthymia  [3],
hypochondriasis [40], generalized anxiety [41], and
obsessive-compulsive disorder [42]. Other conditions were
treated with standard CBT techniques such as psychoeducation,
symptom monitoring, cognitive restructuring, and exposure
exercises relevant to their presenting symptoms. The
interventions were focused on addressing symptoms of the

http://www.jmir.org/2013/11/e258/

primary Axis-| diagnosis. Axis-1l conditions were noted in the
assessment sessions but were not targeted during the course of
treatment.

Self-Report M easures

The Depression Anxiety and Stress Scale (DA SS) [43] wasused
to measure global clinical symptoms. The Quality of Life
Enjoyment and Satisfaction scale (QLES) [44] was used to
measure changesin quality of lifeasaresult of treatment. Given
that a mixed diagnostic cohort was used, disorder specific
measures for the primary presenting condition were aso
administered. Theseincluded the Beck Depression Inventory-1|
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[45], Obsessive-Compulsive Inventory [46], Health Anxiety
Questionnaire [47], Penn State Worry Questionnaire [48], and
the Anxiety Sensitivity Index [49]. The DASS, QLES, and
disorder-specific measures were administered before treatment,
after treatment, and 6 weeks after treatment had ended. The
Working Alliance Inventory Short Form [50] was used to
measure the strength of the working alliance from both the
clients and therapists perspectives. Client satisfaction was
measured using the shortened Client Satisfaction Questionnaire
[51]. The Telehealth Satisfaction Questionnaire [52] was used
to measure client satisfaction specifically with the technol ogy.
Both the Working Alliance Inventory Short Form and the Client
Satisfaction Questionnaire were administered at posttreatment
to al clients; the Telehealth Satisfaction Questionnaire was
administered at posttreatment only to clients allocated to the
videoconferencing condition. All questionnaireswere compl eted
by hand.

Apparatus

Three Mac computerswere used during the course of this study.
All three computerswere connected via ethernet (100 M bps/sec)
within the same building. The program used to conduct the
videoconferencing wasiChat, versions4.0.9t05.0.3. When the
study was conducted, the interactionsviaiChat were encrypted,
but thisfeature wasremoved in Mac OS X 10.7. ThereforeiChat
may no longer be suitable for future telepsychology research.

Procedure

The initial assessment consisted of a clinical interview, the
SCID, and administration of the DASS and QL ES. Thetherapist
(primary author) who conducted the screening, diagnosis, and
treatment was a provisionally registered (trainee) clinical
psychologist doctoral student. Following theinitial assessment,
clients were randomly allocated to receive treatment either
in-person or via videoconference. Simple random allocation
was used to determine assignment to condition. This was
achieved by generating a randomized list of binary numbers
[53]. The generated list was calculated on the basis of 200
potential participants, two groups, and one repeat of
randomization. Clients in the in-person condition began
“treatment asusua” . Clientsin the videoconferencing condition
were instructed to walk into the treatment room at the clinic
during their allotted time and sit in front of the computer. After
the initial diagnosis session, clients allocated to the
videoconferencing condition had no other in-person contact
with the treating therapist. Materials, such as hew homework
diaries, were placed in the treatment room before the client
arrived. Participants in the videoconferencing condition shared
the content of their homework diariesorally; therefore, they did
not need to hand in material to the therapist. All of the client
sessionswere recorded so that the fidelity and credibility of the
therapists diagnosis and treatments could be monitored. The
clinical research supervisor (the second author, a registered
clinica psychologist) provided weekly supervision for a
minimum of 1 hour to the practicing psychologist (primary
author) throughout the duration of data collection. During
supervision, videotaped sessions of all clientsin the study were
observed and checked for adherenceto CBT protocols and that
the majority of the session time adhered to the protocol. Clients

http://www.jmir.org/2013/11/e258/
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who took part in the study were offered 12 weekly 1-hour
sessions and an additional follow-up session 6 weeks after the
12th session. A fee for clinical services was not charged, and
no reimbursement for their time was provided. In-session
exposure activities were limited to tasks that could be
accomplished within the treatment room. Sessions times were
arranged directly with the therapist; therefore, therewas no need
for participantsin either condition to interact with support staff
such asareceptionist. Participantswere aware that the therapist
was located within the same building. The
CONSORT-EHEALTH guidelines for improving and
standardizing the reporting of Web-based and mobile health
interventionswere used as aguide throughout thisresearch [54].

Resear ch Design and Data Analysis

The research design included one nominal fixed effect
(condition: in-person versus videoconference), one ordinal fixed
effect (time: pre, post, follow-up), one nominal random effect
(participant), and four scale outcomes (depression, anxiety,
stress, and quality of life). The data generated by this design
were analyzed with amultilevel mixed effectslinear regression
model [55] as implemented through the Generalized Linear
Mixed Models procedurein the SPSS software, version 19[56].
Theanalysiswas“multilevel” in the sensethat it was conducted
within the context of ahierarchical data structureinwhich time
was nested within participant. In order to optimize the likelihood
of convergence, a separate analysiswas run for each of the four
outcomes. With a predicted large effect size of d=0.5, an alpha
level of .05, desired power of 0.8, and a correlation of 0.6
between repeated measures, the estimated total sample size
using G-Power [57] was 26 (13 participants per condition). The
original intent was to have sufficient power to detect a small
difference, which would have required 115 participants.
However, this target became impractical given the time and
resource constraints.

Results

Attrition

Of the clients eligible to take part in the study, 81% (21/26)
completed the full course of treatment, and 65% (18/26)
completed the follow-up data. Figure 1 shows the participant
flow over the course of the study. In the videoconferencing
condition, 2 of the participants completed only 10 sessions: the
first, because they moved overseas, and the second stated that
they had done all the change they felt capable of doing at that
time. In the videoconferencing condition, 2 of the participants
were no longer eligible for inclusion in the study at follow-up:
the first, because they required ongoing treatment after the
posttreatment data had been collected and the second decided
to begin medication in the final week of treatment. In the
in-person condition, 1 participant dropped out after nine sessions
and no reason was given. Also in the in-person condition, 1
participant was no longer eligible to beincluded in the study at
follow-up because they commenced additional ongoing
psychotherapy treatment after theinitial 12-weeks of treatment
in the study. The analyses were conducted twice: once with
only the participants that completed all 12 sessions and once
with all the participants that completed eight or more sessions.
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The results of the two analyses provided the same findings;
therefore, participants who completed eight or more sessions
were included in the final analyses.

Comparison of Participant Characteristics at
Pretreatment

There was a small nonsignificant difference between the mean
ages of participantsin thein-person condition (mean 29.67, SD
9.31) and the videoconferencing condition (mean 31.93, SD
13.33) (t,,=—0.49, P=.63, two-tailed, 95% CI -11.73 to 7.21,

d=-0.19). A Pearson chi-square test of contingenciesindicated
that gender was equally distributed across conditions x21:O.OO4
(N=26), P=.95, and the association between gender and
condition was very small with phi=.01. The difference between
conditionsat pretest was not significant on the DASS depression
subscale (t,;=0.05, P=.96, two-tailed, 95% CI -8.28 to 8.56,
d=0.02), theanxiety subscale (t,3=0.37, P=.71, two-tailed, 95%
Cl -5.98 t0 8.57, d=0.15), the stress subscale (t,3=0.19, P=.85,
two-tailed, 95% CI -8.36 to 6.98, d=—0.08), or on the QLES
(t,,=0.28, P=.78, two-tailed, 95% Cl -0.47 to 0.62, d=0.10).

Stubbings et al

Primary Analyses

In order to reduce the chances of a Type-1 error, the Bonferroni
correction was applied throughout the four analyses making the
alpha level .0125. The descriptive statistics for the in-person
and videoconferencing conditions are reported in Table 3. The
interaction between time and condition was not significant for
al three DASS subscales (Depression F,sg=1.77, P=.18;
Anxiety F,5=0.36, P=.7; and Stress F, 55=4.19, P=.02), and
the QLES (F,¢,=0.82, P=.45); therefore, the main effects can
be interpreted without qualification. There was a significant
main effect for time on al three DASS subscales (Depression
F,5=14.47, P<.001; Anxiety F,54=9.34, P<.001; and Stress
F,56=23.70, P<.001) and the QLES (F, 5,=10.64, P<.001). The
effect sizeswerelarge throughout (d=1.41, 1.14, 1.81, and 1.17
respectively). In contrast, there was no significant main effect
for condition on any of the DASS subscales (Depression
F156=1.98, P=.16; Anxiety F;53=0.69, P=.41 and Stress
F158=2.11, P=.15) or the QLES (F, ,=0.25, P=.62). The effect
sizes ranged from small to medium (d=0.37, 0.22, 0.38, and
0.13 resgpectively). Figures 2-5 depict the upper and lower bound
of the 95% confidence intervals around the mean scores at pre,
post, and 6 weeks following treatment in both conditions for
the three DA SS subscales and the QLES.

Table 3. Descriptive statistics for the scale measures in the in-person and videoconferencing conditions.

Scale measure In-person condition Videoconferencing condition
n Mean SD Min Max n Mean SD Min Max

DASS depression subscale

Pre 11% 1836 1027 4 32 14 18.14 10.15 6 42

Post 10 142 9.59 6 34 13 8.46 7.62 0 28

Follow-up 7 943 746 2 22 9 511 5.93 0 18
DASS anxiety subscale

Pre 11 1473 84 6 32 14 13.43 8.96 0 26

Post 10 9.09 8.02 0 26 13 8.62 7.63 2 26

Follow-up 7 7.75 6.63 0 18 9 6.22 6.28 0 16
DASS stress subscale

Pre 112 2345 872 10 36 14 24.14 9.56 8 38

Post 10 1855 123 0 42 13 13.23 8.81 2 30

Follow-up 7 13.75 9.65 0 34 9 8.89 5.58 0 18
QLES

Pre 12 338 0.76 2.06 4.88 14 331 0.59 2.29 4.29

Post 11 358 0.72 224 471 13 381 0.62 2.76 4.94

Follow-up 8 3.85 0.76 2.65 5.88 9 4.15 0.51 341 4.88
Credibility of therapy 11 3414 373 25 38 13 34.69 452 23 40
Working alliance: Client 11 614 045 55 7 12° 633 0.89 375 7
Working alliance: Therapist 11 589 0.41 4.92 6.417 13 574 0.83 3.58 6.75
Client satisfaction 11 9321 637 7813 100 13 9423 10.04 65 100

8The DASS data for one of the participants in the in-person condition was removed because it was invalid at pretreatment.
BThe Worki ng Alliance-Client data for one of the participants in the videoconferencing condition was removed because it was invalid.
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Figure 2. The change in symptoms of depression across time and condition.
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Figure 3. The change in symptoms of anxiety across time and condition.
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Figure 4. The change in symptoms of stress across time and condition.
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Figure5. The changein quality of life across time and condition.
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Secondary Analyses

The secondary analyses were administered only at posttest.
There were no significant differences between conditions in
client ratings of the Working Alliance Inventory Short Form
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(t,;=—0.63, P=.53, one-tailed, d=—0.26), or in therapist ratings
(t,,=0.53, P=.60, one-tailed, d=0.23), and client ratings of the
Client Satisfaction Questionnaire (t,,=—0.29, P=.77, one-tailed,
d=-0.12). Clients in the videoconference-based condition who
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completed 10 or more sessions were included in the Telehealth
Satisfaction Questionnaire analysis (n=13). Scoresranged from
61.4 to 100 (maximum scoreis 100), with amean of 90.44 (SD
11.12).

Reliable Change and Clinical Significance

Reliable change and clinical significance calculations[58] were
conducted on the DASS subscales, the QLES, and disorder
specific measures. Normative data were used to calculate the
cutoff criteria[3,43-47,59-64]. Tables 4-6 display the proportion
of clients in each condition that met the respective criteria for
the three DASS subscales and the QLES respectively.

Fisher's Exact test [65] was used to compare the proportion of
participants meeting the criteriafor reliable change and clinical
significance in each condition. With regardsto reliable change,
Fisher's Exact was not significant from pre- to posttreatment
or from pretreatment to follow-up for the depression (P=.41,

Stubbings et al

P=.26) and anxiety (P=.60, P=.99) DASS subscales, and the
QLES (P=.65, P=.99). Fisher's Exact P, however, was
significant for the stress DASS subscale from both pre- to
posttreatment (P=.03) and from pretreatment to follow-up
(P=.03) in favor of the videoconferencing condition. With
regardsto clinically significant change, the difference between
conditions was not significant from pre- to posttreatment or
from pretreatment to follow-up for the depression (P=.67,
P=.30), anxiety (P=.99, P=.99), and stress (P=.19, P=.13)
DASS subscales or the QLES (P=.99, P=.62). Table 7 displays
the number of clients that upon discharge met the criteria for
both reliable change (improved) and clinically significant change
(recovered) for the various disorder specific measures
administered in each condition. However, not all clients
presented with severe symptomsaat pretreatment. The proportion
of clients whose symptoms were identified in the moderate to
severe range at pretreatment are displayed in Table 8.

Table 4. Rates of clinical improvement from pre- to posttreatment for the DASS.

Clinical status Pretreatment to posttreatment
Depression Anxiety Stress
IPA vcP P vC P vC
Recovered 3/10 5/13 1/10 2/13 2/10 7/13
Improved 4/10 8/13 1/10 3/13 2/10 9/13
Unchanged 6/10 4/13 9/10 10/13 8/10 4/13
Deteriorated None 113 None None None None
8 P=In-person.
By C=Videoconference.
Table5. Rates of clinical improvement from pretreatment to follow-up for the DASS.
Pretreatment to follow-up
Clinical status Depression Anxiety Stress
1P vcP IP e P vC
Recovered 3/7 719 27 2/9 27 719
Improved a7 8/9 217 2/9 217 8/9
Unchanged a7 1/9 57 719 5/7 1/9
Deteriorated None None None None None None
8 P=In-person.
By C=Videoconference.
Table 6. Rates of clinical improvement from pre to posttreatment and follow-up for the QLES.
Clinical status Pre to post Pre to follow-up
1P vcP P e
Recovered 2/11 2/13 3/8 3/9
Improved 2/11 4/13 3/8 4/9
Unchanged 911 9/13 4/8 5/9
Deteriorated None None 18 None
8 P=In-person.

by C=Videoconference.

http://www.jmir.org/2013/11/e258/

JMed Internet Res 2013 | vol. 15 | iss. 11 |e258 | p.153
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Stubbings et a
Table 7. The number of clientsin each condition identified as recovered on the disorder specific measures.
Condition Primary diagnosis Disorder specific measure Change status n
Videoconference
Obsessive- compulsive disorder Obsessive-Compulsive Inventory Recovered 4/9
No change® 2/9
No change 3/9
Depression Beck Depression Inventory-I1 Recovered 12
No change® 12
Hypochondriasis Health Anxiety Questionnaire Recovered U1
Generalized anxiety disorder Penn State Worry Questionnaire Recovered U1
In-person
Depression Beck Depression Inventory-I1 Recovered 2/4
No change® U1
No change 1
Obsessive- compulsive disorder Obsessive-Compulsive Inventory Recovered 13
No change® 13
No change 13
Generalized anxiety disorder Penn State Worry Questionnaire Recovered 2/3
No change 13
Panic disorder Anxiety Sensitivity Index Recovered U1

8A|though some clients were not identified as recovered or improved on their disorder specific measure, they wereidentified as recovered on the DASS.

Table 8. The severity of client symptoms at pretreatment.

Symptom In-person (n=12) n (%)

Videoconference (n=14) n (%)

Moderate-severe Normal-mild Moderate-severe Normal-mild
Depression 7 (58) 5(42) 7 (50) 7 (50)
Anxiety 8(76) 4(33) 9 (64) 5(36)
Stress 10 (83) 2(17) 11 (79) 3(21)
Qudlity of life 10 (83) 2(17) 11 (79) 3(21)
Discussion a posttreatment and follow-up were better, abeit not

Principal Findings

The findings of this controlled trial indicate that CBT was
effective in significantly reducing symptoms of depression,
anxiety, and stress and increasing quality of life in both
in-person and videoconferencing conditions. Furthermore,
outcomes for the videoconferencing group were comparable to
the in-person group, with no significant differences being
observed between the two conditions. Thisfinding is consistent
with prior CBT meta-analysis research [66,67] and prior
telepsychology research [18,25-27,68-71]. Although the sample
was not large enough to permit atest of noninferiority, the 95%
confidence intervals around the mean scores across time and
condition suggest CBT treatment administered via
videoconferenceisnot inferior to treatment provided in-person.
This finding is congruent with prior noninferiority analyses
[