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Abstract

Background: Angina affects more than 50 million people worldwide. Secondary prevention interventions such as cardiac
rehabilitation are not widely available for this population. An Internet-based version could offer afeasible aternative.

Objective: Our aim was to examine the effectiveness of a Web-based cardiac rehabilitation program for those with angina.

Methods: We conducted arandomized controlled trial, recruiting those diagnosed with anginafrom general practitioners (GPs)
in primary careto anintervention or control group. | ntervention group participants were offered a 6-week Web-based rehabilitation
program (“ActivateYourHeart”). The program was introduced during a face-to-face appointment and then delivered via the
Internet (no further face-to-face contact). The program contained information about the secondary prevention of coronary heart
disease (CHD) and set each user goals around physical activity, diet, managing emotions, and smoking. Performance against
goals was reviewed throughout the program and goals were then reset/modified. Participants completed an online exercise diary
and communicated with rehabilitation specialists through an email link/synchronized chat room. Participantsin the control group
continued with GP treatment as usual, which consisted of being placed on a CHD register and attending an annual review.
Outcomes were measured at 6-week and 6-month follow-ups during face-to-face assessments. The primary outcome measure
was change in daily steps at 6 weeks, measured using an accel erometer. Secondary outcome measures were energy expenditure
(EE), duration of sedentary activity (DSA), duration of moderate activity (DMA), weight, diastolic/systolic blood pressure, and
body fat percentage. Self-assessed questionnaire outcomes included fat/fiber intake, anxiety/depression, self-efficacy, and quality
of life (QOL).

Results: A total of 94 participants were recruited and randomized to the intervention (n=48) or the usual care (n=46) group; 84
and 73 participants completed the 6-week and 6-month foll ow-ups, respectively. The mean number of log-insto the program was
18.68 (SD 13.13, range 1-51), an average of 3 log-ins per week per participant. Change in daily steps walked at the 6-week
follow-up was +497 (SD 2171) in the intervention group and —861 (SD 2534) in the control group (95% Cl 263-2451, P=.02).
Significant intervention effects were observed at the 6-week follow-up in EE (+43.94 kcal, 95% CI 43.93-309.98, P=.01), DSA
(=7.79 minutes, 95% CI -55.01 to —7.01, P=.01), DMA (+6.31 minutes, 95% Cl 6.01-51.20, P=.01), weight (—0.56 kg, 95% ClI
—1.78 to -0.15, P=.02), self-efficacy (95% CI 0.30-4.79, P=.03), emotional QOL score (95% CI 0.01-0.54, P=.04), and angina
frequency (95% CI 8.57-35.05, P=.002). Significant benefits in angina frequency (95% CI 1.89-29.41, P=.02) and social QOL
score (95% CI 0.05-0.54, P=.02) were a so observed at the 6-month follow-up.

Conclusions: An Internet-based secondary prevention intervention could be offered to those with angina. A larger pragmatic
trial isrequired to provide definitive evidence of effectiveness and cost-effectiveness.
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Introduction

The impact of angina is significant to both the individual [1]
and to the health service [2]. Cardiac rehabilitation is
recommended for individual s with anginain many international
guidelines [3], but capacity to accommodate these individuals
is limited and those with a recent cardiac event take priority.
Recent data suggest that angina patients constitute only 4% of
the referrals to rehabilitation, and almost 20% of programs do
not accept those with angina [4].

There is abroad spectrum of interventions that may constitute
arehabilitation program, from fully supervised sessionsto more
remote home-based services. It is largely these self-directed
home-based programs that have been tested in the angina
population. A meta-analysis of 7 trials [5] demonstrated that
psychoeducational interventions delivered via a trained
professional significantly reduced medication use, physical
limitations, and disease perception in angina populations. In
addition, the angina popul ation have been considered previously
with amanual-based approach, The AnginaPlan [6,7]; however,
this has not been widely adopted [4]. A small number of trials
have studied the effectiveness of secondary prevention
interventions for coronary heart disease (CHD) delivered via
the Internet. A recent Canadian study [8] evaluated a 6-month
Web-based physical activity program for patients who had
undergone percutaneous coronary revascularization. The study
did not report baseline scores, but the authors reported higher
levels of physical activity in the intervention group compared
to the control group. The change in physical activity was
reported from the 6- to 12-month follow-upsin theintervention
group and this was significant compared to the control group.
Recently astudy conducted in Norway assessed the effectiveness
of an Internet- and mobile phone-based intervention for physical
activity as an extension of face-to-face cardiac rehabilitation
[9]. The study demonstrated significantly higher physical
activity levelsin the intervention group compared to a control
group at 3-month follow-up. However, the study is somewhat
limited by the small sample size at follow-up (n=7) and the
self-reported measure of physical activity. The value of
Web-based interventions and physical activity promotion has
also been investigated by Van den Berg et a in a systematic
review [10]. Van den Berg et a reviewed 10 articles and
reported onlineinterventions are effective in improving physical
activity levels[10]. Thisreview emphasized the need to measure
physical activity using objective measures. Positive findings
have been reported from research measuring physical activity
objectively when evaluating Web-based physical activity
interventions [11,12].

http://www.jmir.org/2014/9/e186/

We developed an interactive password-protected website
specifically for individual swith CHD, which isacomprehensive
educational package that aims to improve health behaviors
related to CHD. The Internet allows for the delivery of a
standard intervention that is not geographically or time
restrained. It isintended that thisintervention could be offered
to those not routinely included within traditional cardiac
rehabilitation, such as those with stable angina. The purpose of
this study was to assess the clinical effectiveness of this
independent Internet-delivered self-managed “rehabilitation”
program in apopul ation with chronic stable anginain aprimary
care setting. Because we were studying the efficacy of a novel
intervention for which we had only limited previous data, our
primary hypothesis was nondirectional and was “users of a
Web-based cardiac rehabilitation program would alter their
coronary risk factors compared to those receiving treatment as
usua (control group).”

Methods

Study Design and Randomization

A randomized controlled trial with 2 parallel group arms was
conducted (ISRCTN 90110503). The 2 groups consisted of the
intervention group and the treatment-as-usual control group. A
computerized block randomization list was produced by our
departmental statistician. Allocation conceal ment was achieved
by sequentially numbered sealed envelopes, opened after
baseline data collection for each participant by the researcher
carrying out the fieldwork (RD). Participants and the outcome
assessor were not blinded to group allocation.

Recruitment and Participants

Participants were recruited offline from 9 primary care genera
practitioners (GPs) in 1 region of England. Participants were
selected from CHD registers by a GP or practice nurse.
Individuals were invited to participate if they had a confirmed
diagnosis of stable angina, were able to read and speak fluent
English, had regular access to the Internet, were computer
literate, and had not had conventional cardiac rehabilitation
within the previous year. Individuals were excluded if they had
unstable angina, significant cardiac arrhythmia, any
comorbidities preventing physical activity, or were severely
anxious/ depressed. Severely anxious/depressed patients were
excluded by eliminating anyone with a history of being
prescribed medication for either anxiety or depression.
Participants were not banned from attending conventional
rehabilitation; however, if a participant was offered
rehabilitation or any other secondary prevention intervention
during the course of the study, they were excluded because this
was considered a breach of study design. At each study
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follow-up, this was asked and recorded in the study notes.
Participant recruitment and outcome follow-ups were carried
out from September 2008 to February 2010.

Outcome M easures and Data Collection

Both primary and secondary outcome measures were collected
at baseline, 6 weeks after randomization, and then 6 months
after the 6-week follow-up by a researcher (RD) visiting the
participants at home. Participant follow-up continued until
October 2010.

Primary Outcome M easure

The primary outcome measure was daily average step count
change at 6-week follow-up. This was measured using
Sensewear Pro 3 accelerometer technology, a nondisplay
multisensor monitor. This monitor uses physiological signals,
bodily movement, and in-built algorithms to estimate physical
activity. Participants wore the monitor on the right upper arm
for 2 weekdays (12 hours per day) at baseline and at the 6-week
and 6-month follow-ups. Reliability and accuracy of this
technology has been established in healthy individuals[13] and
unhealthy individuals [14,15].

Secondary Outcome M easures

Secondary outcome measuresincluded energy expenditure (EE),
duration of sedentary activity (DSA), and duration of moderate
activity (DMA); these were measured using the same
accelerometer that measured the primary outcome. Participants
wore the accelerometer on the right upper arm for 2 weekdays
(12 hours per day) at basdline and at the 6-week and 6-month
follow-ups. Weight, diastolic (DBP) and systolic blood pressure
(SBP), and body fat percentage were measured using
conventional instruments. Other outcomes were fat and fiber
intake, anxiety and depression, self-efficacy, and health-related
quality of life (QOL). Fat and fiber intake was measured using
the Dietary Instrument for Nutritional Evaluation [16], which
is a validated measure to assess fat and fiber intake [16]. This
measure contained 19 groups of foods representing fat and fiber
in atypical UK diet, and involved participants choosing the
frequency of food groups consumed from multiple-choice
answers. Anxiety and depression was assessed using the Hospital
Anxiety and Depression Scale (HADS) [17], whichisal4-item
validated measure of anxiety and depression [18]. Thismeasure
isasoareliableand valid instrument for usein astable coronary
population [19]. Self-efficacy was measured using The General
Self-Efficacy Scale, ardliable and valid measure of self-efficacy
[20], which is comprised of 10 items scored on a4-point scale.
The devel opers acknowledgeit isagenera scale and, therefore,
suggest additional specificitemscan be added [21]. In thisstudy,
self-efficacy of exercise (3 items), knowledge of heart disease
(1 item), and eating a healthy diet (1 item) were added as extra
items to the scale. The final score of al items was used to
describe the overall self-efficacy of participants; higher scores
reflected greater self-efficacy. Health-related QOL was assessed
using The MacNew questionnaire [22] and The Seattle Angina
Questionnaire (SAQ) [23], of which both are CHD specific.
The MacNew questionnaire consists of 27 items measuring
perceived quality of emotional, physical, and social health. Each
item was scored on a 7-point scale with lower scores
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corresponding to impaired QOL. This has been reported to be
a valid and reliable measure, sensitive to changes in
health-related QOL [22], and reliable/valid for use in angina
patients [24]. The SAQ questionnaire comprises 19 questions
that congtitute 5 subscales: physical limitations, angina stability,
anginafrequency, treatment satisfaction, and disease perception.
Lower scores indicate poorer health status and higher scores
indicate better health. This measure has undergone validity and
reliability testing [23]. In the intervention group, we also
monitored the number of log-ins to the online program. This
information was available from the administration side of the
intervention.

Procedure

Eligibleindividuals were sent apostal invitation and those who
replied with an interest in participating were contacted.
Prospective participants were tel ephoned by the study researcher
to check trial suitability and to arrange an initial home visit.
Theinitial home visit was arranged at a time most convenient
for the participant. During the home visit, the researcher (RD)
explained that the purpose of the study was to investigate the
effectiveness of a Web-based intervention, described study
details, took participant consent, and carried out the physical
baseline outcome measures (weight, blood pressure, and body
fat percentage). Because the initial home visit was arranged at
atime most convenient for the participant, it was not possible
to control for factors such astime of day, whether the participant
felt rested, nor whether the participant was alone or not during
the time of measurement. During this initial meeting,
participants were aso given an accelerometer and a
guestionnaire pack. Each participant wasinstructed to wear the
monitor for 2 weekdays (12 hours per day) and to complete the
questionnaires (paper-based questionnaires). Thisinitial meeting
lasted approximately 40 minutes. After al baseline measures
were collected, the researcher (RD) randomized each participant,
telling each participant which group they had been all ocated to.
Those in the Web-based cardiac rehabilitation group received
a face-to-face introductory session from the researcher (RD).
This involved registering the individual, creating a unique
username/password, and demonstrating how to use the program.
I ntervention group participantsweretold to log in to the program
daily to record their daily physical activity. The control group
did not receive any intervention and continued care as usual.
Study outcome measures were repeated at the 6-week and
6-month follow-ups. Participants were not paid to take part in
thistrial.

Intervention

The intervention was delivered via the Internet and called
“ActivateYourHeart” [25], a secure and password-protected
site designed for participants to use at home. The program was
developed at the University Hospitals of Leicester NHS Trust
and coproduced with health care professionals, a software
development team (HARK?2), and agroup of patients'members
of the public. Development of the site was an interactive and
iterative process, involving patients providing input and
feedback on different versions of the website, including feedback
on website content, layout, visual features, and ease of website
navigation. The program aimed to improve patients cardiac
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risk profile within 4 stages and was designed to be completed
within 6 weeks. The intervention used the following behavior
change techniques [26]: setting/reviewing behavioral goals,
self-monitoring, feedback on behavior, graded tasks, social
reward, providing information about health consequences, and
reducing negative emotions.

At the beginning of the program, each user completed an online
form providing information about their medical history and
their current cardiac risk factors (MultimediaAppendices 1 and
2). This information was used to set individualized tailored
goals focused on exercise (eg, being physically active for 30
minutes 5 times a week), diet (eg, eating more fruit/vegetables
and reducing salt intake), emotions (eg, managing stress and
other negative emotions), and smoking (eg, reduce cigarette
smoking if relevant) (Figure 1).

Complianceto these goal swasregularly assessed (using ashort
set of questions) and feedback on performance provided
(Multimedia Appendix 3). Users making progress were
congratulated when set goals were achieved. Throughout the
program, goals were reset/modified depending on previous
performance. Asthe user progressed through the program, goals
set were made increasingly difficult.

Figure 1. Program goal setting.

Devi et d

Each user also kept an online exercise diary, recording details
of their daily exercise (Multimedia Appendix 4). Feedback on
the users' physical activity levels was also provided as they
progressed through the program. Users who smoked cigarettes
were provided with feedback regarding the amount of money
they had spent/saved by smoking/reducing smoking. The
program also contained written information about the health
consequences of heart disease and avast amount of information
about CHD-related risk factors (exercise, diet, sexua activity,
driving, returning to work, hobbies, holidays, benefits, smoking,
anxiety, and emotions).

In addition, the programme aimed to reduce negative emotions
by providing advice about stress/anxiety management skills
(see Multimedia Appendix 5). The program aso contained
information to help users understand heart disease (Figure 2).
Program users could initiate contact with cardiac rehabilitation
nurses for advice and support via an online email link (see
Multimedia Appendix 6) or by joining ascheduled synchronized
chat room held on aweekly basis. The cardiac nurseswere based
at University Hospitals of Leicester. All participants in the
intervention group used the program from home and were
encouraged to log in to the program 3-4 times per week.
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Figure 2. Information about heart disease contained in the program.
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Medical Knowledge Glossary

Medical Knowledge = How the heart works = How the heart beats

MEDICAL KNOWLEDGE »
How the heart beats

The heart rate is controlled by nerves and chemicals in the body, These make sure that the heart beats fast
enough to meet the body's need for blood, The nerves and chemicals send the heart messages toincrease the
heart rate when the body needs to exercise, and to reduce the rate as the body prepares to sleep,

The heart beats by muscles contracting
together in an organized way to make sure
that blood is pumped around the heart in
the appropriate way, Each muscle contracts
when a smal  electrical  impulse passes
through it

The electrical impulses are produced by a
group of cels (known as the sino atrial node)
at the top right corner of the right atrium,
The electrical impulse then spreads out over
both the right atrium and the left atrium,
through  pathweays  known as Bachrman's
bundles, causing therm to contract and force

AV node

His bundle

blood down into the ventricles,

A ring of flres insulate the ventricles from the left atrium and the right atrium to make sure that they contract

first.

The electrical impulses then gather at a group of speciaiised cells, known as the atrioventricular node, before
passing down through the centre of the heart in pathweays known as the bundles of hiss, They then spread up
fromn the bottom of the heart through pathways know as Purkinge fibres, This makes sure that the heart beats
from the bottom up and forces the blood out through the aortic and pulmonary valves at the top of the heart,

The muscle cells then relax back to their resting place, ready to accept the next electrical impulse,

« Previous

Anatorny and physiology

Control

Participants in the control group continued with treatment as
usual from their GP and received no further contact from the
researcher until the 6-week follow-up. Usua care in primary
carefor thispopulation in the United Kingdom constitutes being
placed on aCHD register and attending an annual check of risk
factor management, usually with a practice nurse.

Sample Size Calculation

Sample size was based on detecting a significant changein the
number of stepswalked by participants at the 6-week follow-up.
Using previous data, our sample size calculation was based on
detecting a difference in means of 3501 steps walked between
the intervention and control group [27]. Thiswould require 24
(total 48) participants in each group (with 90% power and .05
significance). We recruited more than this (N=94, 96% more
participants) to allow for dropout (often high in studies of
Web-based interventions) and to alow for the detection of
differences between secondary measures.

Statistical M ethods

Demographic characteristics and baseline measures were
compared at baseline using Pearson chi-sguare tests (categorical

http://www.jmir.org/2014/9/e186/
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RenderX

Next »
Heart Conditions

variables), independent samples t tests (continuous, normally
distributed data), and Mann-Whitney U tests (nonnormally
distributed data). Fisher exact test was used when chi-square
test assumptions were violated. Baseline outcome measuresin
trial completersand trial dropoutswere also compared. Change
from baseline to follow-up time points in both primary and
secondary outcome variables were calculated (follow-up score
or value — baseline score or value). The change valuesin each
group were then compared using an independent sample t test
(normally distributed data) or Mann-Whitney U test
(nonnormally distributed data). We chose to examinethe change
in primary/secondary outcome measures at 6-week and 6-month
follow-ups and compare this value between groups. This
approach to the analysis ensured that all participants' available
data could be used irrespective of study completion level.

All statistical analyses were carried out using SPSS version 22
(IBM Corp, Armonk, NY, USA). Data were analyzed using
intention-to-treat analyses; al participants with data available
were included in the data analysis according to the group first
assigned at randomization regardl ess of intervention compliance
or adherence. Attrition was low; therefore, we did not use any
imputation techniquesto deal with attrition. Two-tailed findings
were reported.
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Ethics in the study, of which 95 (15.5%) consented to thetrial (Figure

The study protocol gained ethical approval granted by the 3). A total of 94 participants (99%) completed the baseline
National Health Service Research Ethics Service (ref: Mmeasures, 84 (89%) completed the 6-week follow-up (11%

08/H1210/84) and by Coventry University. attrition), and 73 (78%) compl eted the 6-month follow-up (22%
attrition). At baseline, SBP was higher in those who dropped
Results out (mean 145.19 mm Hg, SD 12.53) compared to those who
completed the study (mean 132.95 mm Hg, SD 16.28; P=.002).
Participation Rates Therewere no other statistically significant differences between

trial completersand tria dropoutsin demographic characteristics
or baseline outcome measures. Participant flow throughout the
trial is shown in Figure 3.

A total of 612 patients were invited to take part; 481 (78.6%)
declined/did not respond and 131 (21.4%) expressed an interest

Figure 3. Participant flow through the trial.

612 individuals sent trial invitation from 9 GP practices.
Declined to participate (n=167) Interest in taking part (n=131), assessed for eligibility.
= Nonresponders (n=314)
o
£ Excluded as not met the inclusion criteria (n=36)
I - No Internet access (n=29)
&3 —— 3 | - Co-morbidities preventing physical activity (n=4)
- Currently receiving CR (n=1)
- Not fluent in English (n=1)
- Not willing to wear the armband (n=1)
Randomized (n=95)
§ Allocated to and received the Web-based cardiac Allocated to the control group (n=47). Withdrew at baseline
%’ rehabilitation programme (n=48). due to time restrains (n=1).
6 week follow-up (n=41). Withdrew (n=7). Reasons
for dropout: 6 week follow-up (n=43). Withdrew (n=3). Reasons for
- Felt trial was too burdensome (n=5) dropout:
= - Noncontactable (n=1) - [l health (n=1)
% - Time restrains (n=1) - Noncontactable (n=2)
z v v
J = 1 7 —6
6 month follow-up (n=36). Withdrew (n=5). Reasons 6 month follow-up (n=37). Withdrew (n=6). Reasons for
dropout —
for dropout —
- Noncontactable (n=4)
- Personal reasons (n=2) .
- Felt trial was too burdensome (n=1)
- Noncontactable (n=2) . . e
Hi - Excluded as started conventional cardiac rehabilitation (n=1)
© - Hip problem (n=1)
N
] v v
< ‘ Analyzed (n=36) ‘ ‘ Analyzed (n=37)

Short-Term Intervention Effects

Table 2 outlines baseline and 6-week follow-up values, and
change values for all outcomes.

Demographic Characteristics and Baseline M easures

Participant demographic details are outlined in Table 1. There
were no significant differences between the intervention and
control group in demographic characteristics or baseline
measures.
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Table 1. Demographic characteristics of participants.

Devi et d

Demographic characteristic

Intervention group

Control group

(n=48) (n=46)

Age (years), mean (SD) 66.27 (8.35) 66.20 (10.06)
Gender, n (%)

Male 34(71) 36 (78)

Female 14 (29) 10 (22)
Employment, n (%)

Retired 29 (60) 21 (46)

Full-time 13 (27) 18 (39)

Part-time 4(8) 7 (15)

Unemployed 2(4) 0(0)
Ethnicity, n (%)

White British 44 (92) 42 (91)

Other 4(8) 4(9
Years since diagnosis, mean (SD) 7.98 (4.53) 9.44 (5.81)
Anginatreatment, n (%)

Medication only 19 (44) 16 (37)

Stent(s) 15 (35) 21 (49)

Coronary artery bypass graft 9(21) 6 (14)
Previous cardiac rehabilitation, n (%)

No 34 (76) 35(81)

Yes 11 (24) 8(19)
Current smoking status, n (%)

No 46 (96) 40 (87)

Yes 2(4) 6(13)
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Table 2. Short-term intervention effects at baseline (TO) and 6-week follow-up (T1) for the intervention and control groups, including within- and
between-group differences (D).

Outcome? Intervention group, mean (SD) Control group, mean (SD)
n®  TO T1 D n° 7O T1 D D P9 ES 95%Cl
Physical activity
Daily steps 35 6716 7212 +497 40 6624 5763 -861 1357 .02 058 263, 2451
(3060) (3188) (2171) (3189) (2533) (2534)
Daily EE (kcal) 35 1902.47 1946.41 +43.94 40 2055.05 1922.04 -133.01 1I8% .01 062 43.93,309.98
(392.32) (351.79) (271.90) (431.80) (306.47) (302.01)
DSA (min)f 35 675.00 671.50 _7.798 40 663.25 672.25 +2303¢ 301 .01 059 -55.01,-7.01
(45.00) (55.50) (40.14) (103.25) (61.75) (62.78)
DMA (min)f 35 4350 48.50 +6.31¢ 40 5550 47.75 99298 2860 .01 038 6.01,51.20
(43.00) (50.00) (34.37) (96.25) (6138)  (61.34)
Physiological measures
Weight (kg) 41 82.80 82.24 -0.56 42 79.52 79.93 +0.40 -097 .02 02 -1.78,-0.15
(13.49) (13.30) (2.00) (14.36) (14.74) (1.72)
Body fat (%) 39 3878 38.36 -0.42 41 36.34 37.01 +0.68 -109 49 016 423,204
(10.80) (11.52) (7.67) (8.01) (7.07) (6.39)
SBP (mm Hg) 40 131.35 130.80 -0.55 42 13755 128.55 -9.00 845 (0B 068 299, 1391
(15.34) (14.70) (12.03) (16.51) (14.88) (12.77)
DBP (mm Hg) 39 7292 69.00 -3.92 42 7252 68.52 —4.00 0.08 .97 001 -3.69,3.84
(9.95) (9.57) (8.75) (10.73) (9.16) (8.27)
Diet
Fat score 33 38.76 35.55 -3.21 32 40.88 39.38 -1.50 -171 50 017 -6.72,3.29
(8.46) (9.18) (7.98) (11.63) (10.38) (11.89)
Fiber score 35 36.40 36.51 +0.11 33 35.09 33.79 -1.30 142 55 014 -3.33,6.16
(9.84) (8.77) (6.88) (12.46) (12.24) (12.14)
Psychological
Anxiety score 36 5.61(357) 4.14(350) -1.47 39 551(342) 4.87(3.73) -0.64 -083 .20 030 -2.10,0.44
(3.19) (2.27)
Depressionscoress 37 3.00(4.00) 2.00(200) _q 43¢ 42 2.00(3.00) 2.00(4.25) 4+0.10° -053 .30 024 -153,048
(2.15) (2.30)
Self-efficacy score 37 49.03 51.70 +2.68 39 49.79 49.92 +0.13 255 .03 052 0.30,4.79
(6.55) (6.37) (5.92) (7.56) (7.76) (3.49)
MacNew QOL
Emotional scord. 36 5:89(1.21) 6.25(1.04) ,q31© 40 5.96(145) 6.32(121) 40040 027 .04 048 001,054
(0.67) (0.44)
Physical scord 33 650(0.71) 650(0.92) 40048 41 650(142) 658(133) 4+011° -007 62 011 -0.37,0.22
(0.69) (0.57)
Social score 34 654(0.85) 6.73(050) 4+q21© 40 654(117) 6.62(119) 40070 014 .34 023 -0.15,042
(0.66) (0.57)
SAQY
Physical limita- 37 64.19 62.16 —2.03 42  63.49 63.69 +0.20 223 57 013 -9.94,549
tions score (21.55) (25.43) (19.20) (25.40) (27.03) (15.19)
Anginastebility ~ 33 42.86 33.33 _9.74° 37 4286 33.33 _0.97° 023 .98 001 -17.29,17.53
scoré (67.14) (6667 (39.81) (o7.14) (6667 (33693)
Anginafrequency 33 43.56 53.79 +10.23 41 4451 32.93 -11.59 2181 0® 077 857,35.05
score (31L.58) (30.70) (26.78) (32.36) (28.74) (29.63)
Treatment satisfac- 35  100.00 100.00 +4.04° 36 100.00 100.00 —1.90° 593 .36 02 -6.97,18.83
tion score’ (0.00) (0.00) (23.38) (28.57) (2222) (30.52)
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Outcome? Intervention group, mean (SD) Control group, mean (SD)
n°  TO T1 D n° TO T1 D D PY ES 95%C
Diseaseperception 36  83.33 80.00 +0.97¢ 40 8333 80.00 _213® 310 48 016 -552,11.71
scord’ (33.33) (40.00) (20.15) (39.58) (40.00) (17.54)

3Daily stepswasthe primary outcome measure. DBP: diastolic blood pressure; DMA: duration of moderate activity; DSA: duration of sedentary activity;
EE: energy expenditure; QOL: quality of life; SAQ: Seattle Angina Questionnaire; SBP: systolic blood pressure.

BN umber of participants in the intervention group with complete baseline and 6-week follow-up data.
“Number of participants in the control group with complete baseline and 6-week follow-up data.

9 ndependent samplest test comparing change scores.

®The change values were normally distributed; therefore, mean (SD) values reported.
"Basaline and 6-week follow-up values were not normally distributed; therefore, median (IQR) values reported.

9Higher scores on this questionnaire represent better functioning.

Primary Outcome Measure

At 6 weeks, the intervention group had greater improvements
in step count (+497 steps), whereas the control group had
decreased level of steps (861 steps), yielding an overal
medium weight mean effect of 0.58 (95% Cl 263-2451, P=.02).

Secondary Outcome M easures

Table 2 outlines the significant improvements in EE (ES=0.62,
95% Cl 43.93-309.98, P=.01), DSA (ES=0.59, 95% CI -55.01
to—7.01, P=.01), DMA (ES=0.58, 95% Cl 6.01-51.20, P=.01),
weight (ES=0.52, 95% Cl —1.78 to —0.15, P=.02), self-efficacy
(ES=0.52, 95% CI 0.30-4.79, P=.03), emotional QOL score
(ES=0.48, 95% CI 0.01-0.54, P=.04), and angina frequency
(ES=0.77, 95% CI 8.57-35.05, P=.002) intheintervention group
compared to the control group at the 6-week follow-up.
Unexpectedly, there was also a significantly greater reduction
in SBPin the control group compared to the Web-based cardiac
rehabilitation group (ES=0.68, 95% Cl 2.99-13.91, P=.001).

Medium-Term Intervention Effects

There were significantly lower levels of angina frequency
(ES=0.63, 95% CI 1.89-29.41, P=.03) and increased social QOL
score (ES=0.60, 95% CI 0.05-0.54, P=.02) favoring the
intervention group at the 6-month follow-up. In contrast, there
were no significant medium-term intervention effects in daily
steps (ES=0.24, 95% CI-358 to 2324, P=.15), daily EE
(EE=0.38, 95% CI —35.17 to 250.47, P=.14), DSA (ES=0.55,
95% CI 0.190-0.205, P=.20), DMA (ES=0.55, 95% CI
0.244-0.261, P=.24), weight (ES=0.35, 95% CI —2.46 to 0.34,
P=.14), body fat percentage (ES=0.00, 95% CI —3.81 to 3.81,
P>.99), SBP (ES=0.15, 95% Cl —4.84 to 9.29, P=.53), DBP
(ES=0.03, 95% Cl —4.80 to 4.29, P=.91), fat intake (ES=0.30,
95% CI —6.12 to 1.80, P=.28), fiber intake (ES=0.29, 95% ClI
—2.23 10 8.53, P=.25), depression (ES=0.35, 95% CI —2.11 to
0.34, P=.15), anxiety (ES=0.47, 95% Cl —2.60 to 0.04, P=.06),
self-efficacy (ES=0.09, 95% Cl —2.32t0 3.34, P=.72), physical
QOL score (ES=0.29, 95% CI —0.11 t0 0.43, P=.24), emotional
QOL score (ES=0.46, 95% CI —0.02 to 0.62, P=.06), physical
limitations (ES=0.08, 95% CI —7.20 to 10.50, P=.71), angina
stahility (ES=0.13, 95% CI —13.72 to 24.18, P=.58), treatment
satisfaction (ES=0.08, 95% CI -15.31 to 10.69, P=.72), or
disease perception (ES=0.17, 95% Cl -8.41 to 14.99, P=.58).
Although there were no significant intervention effects present

http://www.jmir.org/2014/9/e186/

for many of the outcome measures, it should be acknowledged
that at the 6-month follow-up the intervention group showed
trends of improved levels of baseline daily steps, EE, DSA,
DMA, and weight, whereas the control group declined at the
6-month follow-up.

Usage of and Adherenceto the Rehabilitation Program

Of the 48 intervention group participants, 19 (40%) completed
theintervention and 29 (60%) did not progress past stage 3. The
mean number of log-ins to the program was 18.68 (SD 13.13,
range 1-51), an average of 3 log-ins per week per participant.

Discussion

Principal Findings

This study demonstrated daily physical activity improved as
identified by step counts (our primary outcome). We also found
significant improvements in a range of secondary outcome
measures derived from the monitor, most importantly areduction
in sedentary time and an increase in the time spent being
moderately active. This change in activity is an important
outcome for this study because an important component of the
websiteisto encourage daily exercise, most commonly walking.
Although the changes were not significantly better at 6 months,
therewasatrend for theintervention group to remain improved
compared to the control group, of which the effect sizesranged
from small to medium. Thisisin the absence of continued access
to the site or any ongoing support. At the 6-week follow-up, we
also observed important changes in weight, self-efficacy,
emotional QOL score, and anginasymptoms. We al so observed
significant changes at 6 monthsin angina symptoms and social
QOL score.

Comparison With Previous Research

The use of technology and telehealth has been described
previougly in the literature to support individuals with CHD,
but most of the studies have used telephone support as the
technology [28]. The Internet has been used in a few projects
examining a similar type of intervention. Antypas et a [9]
recently assessed the effectiveness of an Internet- and mobile
phone-based intervention for physical activity in a CHD
population and reported increased physical activity levelsinthe
intervention group compared to a control group at the 3-month
follow-up; however, the study only had 7 participants at
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follow-up and measured physical activity using self-reported
measures. Southard et al [29] reported on an Internet-based
intervention conducted in a mixed population across primary
and secondary care; their data suggested that the intervention
was effective in some areas, but failed to change levels of
self-reported physical activity. Reid et al [8] reported significant
group effects in physical activity and QOL following a
Web-based physical activity intervention given to patients who
had undergone percutaneous coronary revascularization.
However, the intervention was not a comprehensive CHD
secondary prevention package and targeted physical activity
only.

Our current study has demonstrated significant improvements
at the 6-week follow-up in waking, DSA, and DMA in
comparison to acontrol group. We a so observed improvements
in weight, emotional QOL score, self-efficacy, and angina
symptoms. At the 6-month follow-up, we were also able to
demonstrate lowered angina symptoms, increased social QOL
scores, and trends for physical activity to remain improved in
the intervention group compared to the control group at the
6-month follow-up. Thiswasin the absence of continued access
to the site or any ongoing support because participants did not
receive any support between the 6-week and 6-month follow-up
assessment. Thismay not reflect what would happen in practice
if thisintervention was adopted in the health service.

Previous trials of a manual-based, self-management approach,
The AnginaPlan, reported significantly increased self-reported
physical activity postintervention and at the 6-month follow-up
[6,7]. Interestingly, the current study recruited participants with
an established diagnosis of angina, whereas previous angina
trials recruited those with a new diagnosis, a stage when
motivation to adopt a healthier lifestyle may be higher. The
AnginaPlan isdelivered over 12 weeksand comprisesaninitial
in-depth consultation with atrained nurse and close facilitation
by the nurse to encourage and discuss progress with agreed
patient goals. The current online program was not facilitated in
the same way; instead, the contact was initiated by the user via
email. One might speculate that this would be a more
cost-effective mode of delivery.

The proportion of intervention group participants completing
the whole intervention was 40%, and 60% of participants
progressed three-quarters of the way through the intervention
(up to stage 3). This is comparable with Reid et al [8] who
reported 43% of participants completed a Web-based physical
activity intervention. Intervention completion rates in both the
current study and Reid et a [8] are similar to the completion
rate of traditional cardiac rehabilitation. Inthe United Kingdom
between 2011 and 2012, an average of 52% of patientsenrolling
onto cardiac rehabilitation completed the intervention [4].
Overall, there were also regular website visits with an average
of 3log-ins per week. The mean number of websitelog-inswas
2 and 4 times per week in Southard et a [29] and Zutz et al
[30], respectively.

Strengths and Limitations

This study evaluated the effects of an Internet-delivered
self-managed cardiac rehabilitation program in an angina
population with objectively measured physical activity as the

http://www.jmir.org/2014/9/e186/
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primary outcome, agroup seldom included within rehabilitation
research or rehabilitation services despite current guidelines
[31]. The researcher who collected the outcome measures al so
delivered theintervention. Thisallowsfor potential biasbecause
participants with particularly high CHD risk could have
unintentionally been encouraged more than other participants,
which could have influenced the trial results. In future trials,
researchers taking outcome measures should be blinded. In
addition, it is necessary to consider measurement reactivity, in
which measurement results in changes in the people being
measured [32]. Although the study measured physical activity
objectively, there still remains the possibility that participants
may have adjusted their behavior while the activity monitor
was worn.

The physical activity measurement period was 2 days. At the
time, 2 dayswas the recommended monitoring period [33]. For
future studies, we would propose wearing the monitor for a
longer period, ideally 7 days. The study did not achieve the
changesin physical activity that the power cal cul ation was based
on. In hindsight, this would appear to be an ambitious target
because the power cal culation was based on an intervention that
was much more intense than the one described here. The data
show that the intervention was effective in the short term, and
the benefit was sustained in some outcomes a 6-month
follow-up in the absence of access to the site or any ongoing
support. In the future, we would wish to study the impact of
continued access to the site for an extended period compared
to best usual care. Dueto limitationsin funding, we were unable
to collect any cost-effectiveness or health care utilization data,
which would be desirable in future studies. Additionally, it
would be valuable to assess if this intervention has an impact
on smoking behavior. The current intervention does comprise
a smoking cessation component, although the effect of this
component was not examined in the current study because only
2 (4%) and 6 (13%) participantsin the intervention and control
group, respectively, were smokers at baseline. Future research
should examinetheintervention’simpact on smoking cessation.
The sample recruited in this study was primarily of a White
British origin. Although this is not reflective of the genera
population, it isin-line with the ethnicity of patients currently
receiving traditional cardiac rehabilitation as reported in a
national audit. Challenges remain to find an acceptable
intervention for ethnic minorities [4]. It would also be useful
in future studies to compare the outcomes of an angina
population using the Web-based rehabilitation program to an
angina population receiving traditional rehabilitation.

In terms of the technological advances in hedth care, the
program could also be devel oped into an application for use on
a smartphone, and thereby enable the program to be available
viamobile phone technol ogy. Research examining the value of
mobile phone-based interventionsin increasing physical activity
has been evaluated in a meta-analysis conducted by Fanning et
al [34] and provides support for interventions using maobile
technology to increase physical activity behavior.

Conclusions

Theprovision of support for those with anginais poor and these
individuals are underrepresented in conventional cardiac
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rehabilitation programs [4]. An Internet-based approach may
offer an aternative self-management approach to either the
AnginaPlan or cardiac rehabilitation. The programisalsolikely
to offer alower-cost form of intervention and implementation
of a Web-based aternative. This could widen the reach of
rehabilitation and effectively increase service capacity. A large,
pragmatic trial is required to examine the effectiveness and
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