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Internet-Delivered Self-management Support
for Improving Coronary Heart Disease and
Self-managementYRelated Outcomes
A Systematic Review
Jorge Palacios, MD, MSc; Geraldine A. Lee, PhD; Maria Duaso, PhD; Abigail Clifton, BSc;
Ian J. Norman, PhD; Derek Richards, PhD; Elizabeth Alexandra Barley, PhD, CPsychol
Introduction: Coronary heart disease (CHD) is associated with significant morbidity and mortality, including
mental health comorbidity, which is associated with poor outcomes. Self-management is key, but there is
limited access to self-management support. Internet-delivered interventions may increase access. Objective:
The aim of this study was to conduct a systematic review to (1) determine the effectiveness of Internet-delivered
CHD self-management support for improving CHD, mood, and self-management related outcomes and (2)
identify and describe essential components for effectiveness. Method: Randomized controlled trials that met
prespecified eligibility criteria were identified using a systematic search of 3 healthcare databases (Medline,
PsychINFO, and Embase). Results: Seven trials, which included 1321 CHD patients, were eligible for inclusion.
There was considerable heterogeneity between studies in terms of the intervention content, outcomes measured,
and study quality. All 7 of the studies reported significant positive between-group effects, in particular for
lifestyle-related outcomes. Personalization of interventions and provision of support to promote engagement may
be associated with improved outcomes, although more data are required to confirm this. The theoretical basis
of interventions was poorly developed though evidence-based behavior change interventions were used.
Conclusion: More well-designed randomized controlled trials are needed. These should also explore how
interventions work and how to improve participant retention and satisfaction and examine the role of
personalization and support within interventions.
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C

oronary heart disease (CHD) is associated with
significant morbidity and mortality. Approximately
3.5% of the general practice registered United Kingdom
population has been diagnosed with CHD.1 To maintain quality of life and prevent poor outcomes, in
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particular myocardial infarction, risk factors must be
addressed through behavioral and lifestyle changes,
including smoking cessation, physical activity, weight
loss, and reduced high saturated fat and alcohol intake
alongside medication.2,3 However, many patients are
symptomatic despite receiving usual care.4 For some
symptomatic individuals, no underlying pathology or
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cause can be detected and available treatments are not
fully effective for symptom relief. These patients continue to seek treatment from emergency departments
and general practice.5,6 Exacerbation of CHD symptoms can occur as a result of depression and anxiety,
which are common in people with CHD and associated
with poor outcome.7,8 Psychological interventions such
as cognitive behavioral therapy (CBT) are effective in
improving mood9 but are not routinely available to
CHD patients.
Self-management is key10 and requires lifestyle
changes, such as improved diet and increased physical
activity, adherence to treatment regimens, and management of distress. Lifestyle modification self-management
programs have been found to be more effective than
routine clinical care in improving mortality and cardiac
risk factorYrelated behaviors.11 There is some evidence
that personalized intervention is cost-effective and may
help reduce symptoms in CHD patients with current chest
pain and depression.12 A combination of patient selfefficacy and support from healthcare professionals has
been found to be necessary for optimal self-management.13
However, professional support for self-management is
limited. For instance, in the United Kingdom, CHD
patients may have only 1 scheduled appointment with
their family physician or practice nurse each year.
Self-management support delivered via the Internet
may be 1 solution. Internet-delivered interventions are
convenient for the user as they can be accessed at any
time, have the potential to reach patients who might
not seek support otherwise, and are cost effective.14,15
Interest in Internet-delivered interventions for patients
with long-term conditions, including CHD, is increasing; however, their effectiveness and the elements essential for effectiveness are unknown.16Y18 Determining
this is complicated by the fact that interventions may vary
in terms of their content and their target; for instance, they
may aim to improve 1 or more CHD-related symptoms,
behaviors, or emotions. Given the well-known, negative
impact of comorbid mental health problems associated
with CHD,7,8 it would seem that online interventions
could potentially address this, especially given their
success on mood- and anxiety-related outcomes and improvements in quality of life and functioning.19,20 However, to date, this potential has not been fully realized for
people with CHD.18 The current systematic review establishes the state of the art by identifying and detailing
interventions for Internet-delivered self-management
support for CHD, which also address wellbeing (eg,
mood, quality of life, functional status) outcomes.

Methods
Eligibility Criteria
Studies published in English in any year that met the
following criteria were included:

1. Parallel group randomized controlled trials (RCTs),
randomized cross-over or sequential-controlled, or
cluster randomized trials.
2. Participants were adults (Q18 years) with a diagnosis
(clinician or self-reported) of CHD. Studies including
CHD patients with comorbidities and those with other
long-term conditions were included if outcomes for
patients with a primary diagnosis of CHD were reported
independently.
3. Tested the effectiveness of Internet-delivered selfmanagement support for CHD and addressed wellbeing outcomes, such as mood, quality of life, or
functional status. Interventions were considered to
be Internet delivered if they were accessible via the
Internet in any setting outside a clinic, hospital, or
health center and on any device. Self-management
support was defined as any support designed to help
CHD patients with at least 1 of the following: making
lifestyle changes, adhering to treatment regimens,
managing physical symptoms, and managing psychological distress.
4. Used 1 or more of the following comparison
groups: usual care, waiting list, attention,
information, or online discussion group.
5. Included outcomes relating to CHD signs and symptoms (eg, blood pressure, cardiac events, mortality,
self-reported symptoms of CHD such as chest pain),
lifestyle changes targeting CHD risk factors (eg,
reduction in smoking and alcohol use, improved
diet or increased physical activity), subjective measures of health (eg, quality of life, functional status,
well-being), improved mood (eg, improvement in
levels of depression or anxiety), or improvement in
self-management related-factors (eg, self-efficacy,
treatment adherence). Follow-up could be for any
time period.
Search Strategy
A systematic search of 3 electronic databases (Medline,
PsychINFO, and Embase) was conducted in October
2016 by J.P. The search combined terms relating to
online, Internet, self-management, and CHD with the
Boolean operator AND. The reference lists of included
studies were also searched. Details of the full search
strategy are included in the Appendix.
Study Selection
A 2-stage screening process was conducted. Search results were uploaded to reference management software:
Endnote21 and duplicates removed. The titles and abstracts were then screened independently by J.P. and
D.R. The full text of potentially relevant studies was
then retrieved. Studies meeting the inclusion criteria were
selected independently by J.P. and G.A.L., disagreements
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were resolved through discussion with E.A.B. The
complete process is summarized in a Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) diagram (Figure).
Data Extraction
The study designs, types of participants, intervention
components, comparators, and outcome measures
were extracted by J.P. and reviewed and checked by
G.A.L. and M.D.
Assessment of Risk of Bias of Included Studies
The methodological quality of the included studies was
assessed independently by M.D. and J.P. using the
Cochrane Collaboration"s Tool for Assessing Risk of
Bias22 to assess domains random sequence generation,
allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, completeness of outcome data, and selective reporting. Disagreements were resolved by E.A.B.
Data Synthesis
There was considerable heterogeneity between the
included studies in terms of the content and aims of

FIGURE. PRISMA diagram of literature search.

the interventions and the reported outcomes, so metaanalysis was not possible. A narrative synthesis was
therefore conducted. Findings for outcomes relating to
(1) CHD status, (2) lifestyle changes, (3) subjective
health, (4) mood, and (5) self-management indicators
are reported.

Results
Included Studies
The results of the literature search and reasons for
study exclusion are detailed in the Figure. In summary,
of 12 full-text articles assessed, 7 studies were eligible
for inclusion. Studies were conducted in the United
Kingdom (n = 1), Norway (n = 1), Australia (n = 2),
New Zealand (n = 1), Canada (n = 1), and the United
States (n = 1) (see Table 1).
Characteristics of Included Studies
The studies included a total of 1321 participants, of
which 670 (50.7%) participated in the interventions.
Sample sizes varied from 67 participants23 to 562
participants.26 A minority of participants (285/1321)
were female (although 1 study25 did not report this).

Study Design
and Sample
Size

RCT, N = 562
(IG = 280;
CG = 282),
female = 173

RCT, N = 120
4. Varnfield
(IG = 60;
et al (2014)26
CG = 60),
female = 12

3. Maddison
RCT, N = 171
et al (2015)25
(IG = 85;
CG = 86),
female = not
reported

2. Glozier et al
(2013)24

Exclusion Criteria
Generic version
of the Web
site and an
online forum

Comparison
Self-reported
physical activity
(1Y3 d and
1 and 3 mo)

Primary
Outcome
(Follow-up)

Australia
Adherence to
CVD treatment
and lifestyle
advice, change
in cognitive
function after 1
y (not reported
in paper)

(continues)

Australia

Self-reported
New Zealand
physical activity
levels (IPAQ-LF),
self-efficacy,
barrier efficacy

Norway

Country

Self-efficacy,
social support,
anxiety,
depression

Secondary
Outcomes

Cardiac rehabilitation Modifiable
lifestyle factors,
completion rate
biomedical risk
(6 wk, 6 mo)
factors, HRQoL

PVO2 (24 wk)

Internet-delivered Depressive
Internet-delivered
attention
symptoms
cognitive behavior
control health
(4, 8, 12 wk)
therapy
information
package

Web site and
online forum
(as per control)
plus tailored
intervention.

Intervention

Usual cardiac
Usual cardiac
Diagnosis of angina,
Admitted to the
services + plus
services
myocardial infarction,
hospital for heart
text messages
revascularization, including
disease within
via mobile
angioplasty, stent, or
previous 6 wk,
phones, tailored
coronary artery bypass graft
terminal cancer,
secure Web site
within the previous 3Y24 mo
significant
according to hospital
exercise limitations
records (2 hospital
unrelated to
outpatient departments)
ischemic heart
disease
Mean (SD) age: intervention
group, 61.4 (8.9) y;
control group, 59.0 (9.5) y
Traditional
Post-MI patients referred for Unable to participate Control group:
cardiac
traditional cardiac
because of medical
cardiac rehabilitation
rehabilitation
rehabilitation +
care needs,
(district primary and
smartphoneattending traditional
community health service)
Mean (SD) age: intervention
based care
center-based
group, 56.2 (10.1) y;
assessment
program, or
control group, 54.9 (9.6) y
platform
involved in
another trial

History of CVD (details not
None stated
specified) (cardiac
rehabilitation centre)
Mean age (95% CI):
intervention group = 59.5
(56.3Y62.8) y; control
group 58.8 (55.8Y61.7) y
Self-reported history of and Undergoing
current treatment for CHD
psychotherapy,
plus psychological distress
suicidal ideation
(existing cohort study of
adults aged Q45 y)
Mean (SD) age: intervention
group, 57.5 (6.6) y;
control group, 58.4 (6.6) y

Participants
(Recruitment Setting)

Characteristics of the Included Studies

1. Antypas and Cluster RCT,
Wangberg
N = 67
(2014)23
(IG = 29;
CG = 28),
female = 15

Authors
(Year)

TABLE 1
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RCT, N = 223
(IG = 115;
CG = 108),
female = 35

RCT, N = 104
(IG = 53 ;
CG = 51),
female = 26

6. Reid et al
201228

7. Southard
et al 200329

Mean (SD) age: IG, 61.8
(10.6) y; CG, 62.8 (10.6) y

Patients admitted for acute
coronary syndrome
Mean (SD) age: IG, 56.7
(9.0) y; CG, 56.0 (9.0) y

Primary care angina patients
Mean (SD) age: IG, 66.3
(8.3)y ; CG, 66.2 (10.1) y

Participants
(Recruitment Setting)
ActivateYourHeart
Web site:
4 stages with
exercise, diet,
emotional,
smoking goals
with feedback
and tailored info

Intervention

Online education
modules with
links and
communication
with dietitian

CABG, defibrillator, Cardiofit Web
NYHA IIIYIV, not
site: personally
able to speak/read
tailored physical
English
activity program

Exclusion Criteria

Usual care

Physical activity
guidance and
booklet

Usual care

Comparison

Major CV events,
blood pressure,
cholesterol,
HRQoL, diet,
physical activity

Clinical adverse
outcomes,
physical activity,
HRQoL

Physical activity,
blood pressure,
fat and fiber
intake, HRQoL

Primary
Outcome
(Follow-up)

Secondary
Outcomes

USA

Canada

UK

Country

Abbreviations: CG, control group; CHD, coronary heart disease; CV, cardiovascular; CVD, cardiovascular disease; ; HRQoL, health-related quality of life; IG, intervention group; IPAQ-LF, International Physical
Activity Questionnaire; MI, myocardial infraction; NYHA, New York Heart Association; PVO2, mixed venous oxygen pressure; RCT, randomized controlled trial.

RCT, N = 74
(IG = 48;
CG = 46),
female = 24

Study Design
and Sample
Size

Characteristics of the Included Studies, Continued

5. Devi et al
201427

Authors
(Year)

TABLE 1
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All participants had CHD; in 1 study,26 some participants also had chronic back pain (n = 357/571). In
another study,24 patients receiving treatment for CHD
were recruited only if they also reported psychological
distress for at least 6 months duration (n = 562).
All 7 studies were RCTs, including 1 cluster RCT.23
A wide range of Internet interventions designed to
improve CHD self-management were tested; each is
described below. Comparisons were with usual care or
no Internet delivered intervention25Y29 or with a more
generic (eg, information only) version of the Internet
intervention.23,24 Study characteristics are summarized in Table 1.
Assessment of Risk of Bias of Included Studies
Overall, the included studies were assessed as having
a low risk of selection bias (Table 2) using the
Cochrane Tool for Assessment of Risk of Bias.22 In 2
studies,23,26 there was risk of performance bias due
to knowledge of the allocated interventions by
participants and or personnel during the study. The
same 2 studies had a high risk of detection bias as
participants were not blinded and made their own
subjective assessment of self-reported outcomes.
Attrition was high in 2 of the studies (ie, more than
10%): Varnfield et al (2014)26 had end-point data on
26 of 41 control group participants and 46 of 53
intervention group participants. Reid et al (2012)28
assessed 223 at baseline and 153 (69%) at 12-month
follow-up. Three trials 24,25,27 did not provide
enough evidence to judge whether there was selective
outcome reporting.
Description of Internet-delivered Interventions
The interventions are described in Table 3, specific
components were identified for comparison.

TABLE 2

Theoretical Basis
All the interventions included some form of psychoeducation (see Table 4). Six studies23,24,26Y29 used
evidence-based behavior change techniques such as
goal setting, activity planning, and biofeedback. The
intervention reported by Maddison et al (2015)25 also
uses role model videos. The intervention by Glozier
et al (2013)24 is CBT for depression and has no CHDspecific content (although the control group received
heart disease-related psychoeducation). The intervention by Glozier et al (2013)24 also used techniques
from interpersonal therapy.
Use of Personalization
Six of the interventions were personalized; that is,
feedback was provided according to the individual
participant"s responses and progress through the
intervention. Modifications were made in response to
clinical status22,24Y27 or the participant"s rating of their
stage of change or self-efficacy for an activity.23 In
5 studies, feedback was provided electronically,23,25,27Y29
and in a sixth study,26 feedback was provided by trained
‘‘mentors’’ through weekly telephone consultations.
Calls lasted approximately 15 minutes and were audio
or video recorded according to participant preference.
Mentors accessed the patients" data on a Web portal
before the consultation to facilitate and personalize feedback and goal setting.
Use of Support to Promote Engagement
Training to use the interventions was provided in
4 studies.23,26Y28 In 4 studies,23Y26,28 e-mail reminders
and/or motivational SMS were sent. In 1 study,29
participants were given small rewards such as ‘‘key
chains, athletic socks, book markers, and refrigerator
magnets each month for active participation,’’ for
instance, for completing modules and entering data.

Summary of Risk of Bias in Included Studies
Blinding of
Blinding of
Random
Selective
Incomplete
Outcome
Participants
Allocation
Sequence
Reporting
Outcome Data
Assessment
and Personnel
Concealment
Generation
(Selection Bias) (Selection Bias) (Performance Bias) (Detection Bias) (Attrition Bias) (Reporting Bias)

Antypas and
Wangberg (2014)23
Glozier et al (2013)24
Maddison et al
(2015)25
Varnfield et al
(2014)26
Devi et al (2014)27
Reid et al28
Southard et al29

+

+

j

j

+

?

+
+

+
+

+
+

+
+

?
?

+
+

+

+

j

j

j

?

j
j
j

j
j
?

+
+
+

+
+
+

?
j
+

+
+
?

+: Study successfully reports on this and no risk of bias is assumed; j: risk of bias exists because of incomplete data reported in the study; ?: not
enough evidence to determine the risk of bias.

Use of Web site and
SMS/e-mail reminders
and personalized
support over 12 wk

E-couch: Internetdelivered cognitive
behavioral therapy for
depressive symptoms
consisting of
12 modules completed
via a Web site.
Each module takes
30Y60 min

A personalized, automated
package of text and
video message
components via
participants" mobile
phones and the

Glozier et al
(2013)24

Maddison
et al
(2015)25

Description and
Duration of Use

Video messages,
motivational messages,
and weekly health and
exercise tips, role model
videos, cardiac
rehabilitation information.

12 modules of
psychoeducation (mental
health literacy), cognitive
behavior therapy,
and interpersonal
psychotherapy
techniques

Microblog where the
planned and completed
activities appear. The user
can write how they feel
in general or about the
activities they
have planned.
Calendar for activity
planning and recording
Weekly goals and
completion graphs
Participants can invite
friends to take part
in activities.
Discussion forum
CHD psychoeducation

Web Site





The last SMS contains a
URL link that users with
smartphones can use to
confirm their activity as
completed and state
the actual duration of
the activity, the actual
intensity, and write
a comment
(Users without a
smartphone can update
the information on the
Web site)

Smart Phone Use
by Patient

Weekly individualized
exercise prescription
based on personal
preferences and
current levels
of fitness



Reminder e-mail if
module not completed
4 d after release
A link to support for
technical problems

Users who have been
invited to take part in
an activity by a friend
receive an e-mail and
an SMS invitation
Reminder sent every
2 wk by e-mail as well
as SMS

For each planned activity,
SMS reminder 15 min
before the planned
beginning of the
activity and an SMS at
the planned end
Every 2 wk reminder to
log in and answer
questionnaires

Reminder SMS

E-mail

Text Messaging

Technology Used

Characteristics of Included Internet Interventions to Support Coronary Heart Disease

Antypas and
Wangberg
(2014)23

Study

TABLE 3

(continues)

Reminder phone call or
text message 3Y4 d
after e-mail reminder
(The telephone calls did
not provide any
psychological
intervention but did
attempt to help the
participant identify
and overcome
barriers to logging
onto the site, eg,
suggestions of how
to incorporate the
intervention into
their schedule)

Feedback via Web site
linked to stage
of change
SMS messages about
relapse prevention
sent to those
reporting low
self-efficacy for a
planned activity

Additional Support
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Care Assessment
Programme (CAP):
6-wk program of
weekly telephone
mentoring sessions
focusing on different
themes on healthy
lifestyle and behaviors,
risk factor management,
and education using a
mobile phone and
Web site

Secure site developed
with patients" feedback
to use at home,
aimed to reduce risk
profile in 4 stages,
designed for 6 wk

Devi et al
(2014)27

Internet to increase
exercise behavior
delivered over 6 mo

Description and
Duration of Use

Contained behavior change
techniques, set tailored
goals focused on
exercise, diet, emotions,
and smoking. Users kept
online exercise diary,
were encouraged to log
in 3Y4 times per week.

Wellness Diary portal on
a remote server, which
collects data from
mobile phone

Participants document
and monitor their
physical activity progress,
set goals, identify barriers
to exercise and generate
solutions. Regular
postings encourage
participants to access
existing community-based
programs. SMS delivered
to participants"
telephones can
be accessed.

Web Site



Patients record exercise,
health (self-reported
diet, weight, BP) data
and their observations
of their behavior
A built-in step counter
captures user"s steps,
walking time, and
stepping intensity/
motivational and
educational multimedia
materials are also sent
via telephones


Smart Phone Use
by Patient



Online chat room

Daily SMS messages
that contain short
motivational messages
on a weekly theme

Messages focused on
altering key mediators
of physical activity to
facilitate adherence to
exercise behavior, eg,
strategies on
overcoming barriers to
being active, increasing
motivation to exercise,
scheduling exercise
into one"s daily routine,
and goal setting

Text Messaging

Technology Used

Characteristics of Included Internet Interventions to Support Coronary Heart Disease, Continued

Varnfield
et al
(2014)26

Study

TABLE 3

Support via e-mail with
cardiac rehabilitation
nurses



E-mail


(continues)



Weekly telephone
mentoring

Additional Support
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Small rewards for
active participation

Intervention Effectiveness
Study findings are summarized below, and main
outcomes for each category are reported in Tables
5,6,7,8 although not all studies reported data in the
same way. Each study reported different outcomes,
so we were unable to synthesize results.


Online program includes
online assessments,
interactive education
modules, self-monitoring
tools, separate interfaces
for patients" physicians,
dietitians, and psychologists.
Southard
et al
(2003)29

Abbreviations: BP, blood pressure; CHD, coronary heart disease; SMS, Short Messaging Service; URL, Uniform Resource Locator.

Electronic interaction
with the case manager
via format similar
to e-mail
Online discussion group
(optional)

Between tutorials,
motivational e-mails
were sent to
participants. Also
available for questions
at any time.
Online tutorials lasted
10Y20 min and a physical
activity plan developed
after each.

Web site developed with
expert advice and
designed to better
behavior, self-efficacy,
social support and
expectations. Log of
daily activity at weeks
2, 4, 8, 14, and 20.
Program delivered
online, required to log
in at least once a
week for 30 min,
6 mo duration.
Includes online
discussion groups.
Reid et al
(2012)28

Technology Used

Text Messaging
Smart Phone Use
by Patient
Web Site
Description and
Duration of Use
Study

TABLE 3

Characteristics of Included Internet Interventions to Support Coronary Heart Disease, Continued

E-mail

Additional Support
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1. CHD status: Maddison et al (2014)25 measured peak
oxygen uptake as their primary outcome measure
but found no statistically significant difference between groups. Varnfield et al (2014)26 recorded blood
pressure, resting heart rate and lipid profile though
no between-group statistically significant differences
were found apart from triglycerides (P = .04). Devi
et al (2014)27 found significant improvement in favor
of the intervention at 6 weeks in weight loss (j0.56 kg;
95% confidence interval [CI], j1.78 to j0.15; P =
.02) and angina frequency (95% CI, 8.57Y35.05; P =
.002); improvements in angina frequency were also
found at 6 months follow-up (95% CI, 1.89Y29.41;
P = .02). At 6-month follow-up, Southard et al29
also found greater weight loss in the intervention
group (j3.68 vs +0.47 lb; P = .003); there were no
other significant between-group differences for any
other measured CHD outcome, although the number
of cardiovascular events was lower in the intervention
group compared with the control group (P = .053).
2. Lifestyle changes: Six studies measured outcomes
related to lifestyle changes, including physical activity and eating behavior. Five studies found significant improvement in favor of the intervention, with
improvements in dietary outcomes26 and increased
physical activity23,25,27,28 reported.
3. Subjective health: Four studies25Y28 measured quality of life. Two studies26,27 found a clinically relevant
overall increase at 6 weeks in the intervention compared with the control group. In 1 study, this was
also found at 6 months follow-up.27 In a third
study,28 improvements in emotional and physical
domains of quality of life were found only over
the 12-month study period.
4. Mood: Four studies23,24,26,27 measured mood-related
outcomes. Only the study that tested the depressionspecific intervention24 found a significant difference,
with depression and anxiety scores at 6 weeks decreasing more in the intervention group. The patient
health questionnaire 9 was reduced in the intervention group from 12 (T3.4) at baseline to 8.4 (T5.1)
post intervention while the generalised anxiety
disorder assessment 7 anxiety scores were reduced
from 8.9 (T4.2) to 6.5 (T4.6).
5. Self-management indicators: Two studies23,27 tested
self-efficacy as an outcome; no significant differences were found at 3 months in 1 study.23 In another
study,27 improvement was found at 6 weeks (95% CI,
0.30Y4.79; P = .03), but not at 6 months. Maddison
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TABLE 4

Approach to Self-management Employed by Internet Interventions
Approach
Transtheoretical
Model

Study
23

¾

Antypas and Wangberg (2014)
Varnfield et al (2014)26
Glozier et al (2013)24
Maddison et al (2014)25
Devi et al (2015)27
Reid et al (2012)28

Cognitive
Behavioral
Therapy

Social Cognition
Model

Psychoeducation

¾ (self-efficacy)
¾
¾ (self-efficacy, modeling)
¾ behavioral capability,
¾ self-efficacy, ¾ social
support, ¾ realistic
outcome expectations

Southard et al (2003)29

et al (2015)25 tested and reported that changes in selfefficacy have a mediating effect of 13% on physical
activity (P = .021). Antypas and Wangberg (2014)23
reported an increase in social support in the personalized group, and a decrease in support in the
control group. The difference between the groups,
however, was not statistically significant (P = .46).
Two studies24,26 found statistically significant differences in treatment adherence favoring the intervention group. The intervention test by Reid et al
(2014)28 was ‘‘designed to foster behavioural capability, self-efficacy, social support, and realistic out-

TABLE 5

Behavior
Change
Techniques

¾
¾
¾
¾
¾
¾

¾
¾
¾
¾
¾

¾

¾

come expectations’’, though these factors were not
measured explicitly.
Effect of Specific Components
There was some indication that personalization may
be important. Of the Internet-delivered intervention
studies reporting significant positive between-group
effects, 6 used personalization.23,25Y29 More frequent
access and usage of content may also lead to better
outcomes, although there is a lack of data to test this
and this may be difficult to compare across studies
of interventions of differing intensity. There were

Intervention Effectiveness: Coronary Heart Disease Status and Lifestyle Changes
Study

International Physical
activity Questionnaire (IPAQ
score) 3 mo after discharge,
median (IQR)
Leisure time physical activity
group difference at 24 wk
Walking group difference
at 24 wk
PVO2 max
Dietary habits change
(scale 0Y5) at 6 wk
Fat
Fiber
Sodium
Alcohol
Physical activity: an
accelerometer,
SenseWear Pro
3 armband
At 6 wk
At 6 mo
Major cardiovascular
event rate

Antypas and
Wangberg23

Maddison
et al25
Maddison
et al25
Maddison
et al25
Varnfield
et al26

Intervention
5613.0
(2828.0)

Control
1356.0
(2937.0)

Y

Y

Y

Y

Y

Y

Y

Y

Difference,
Mean (CI)

Study Arm
Favored

Statistical
Significance

Y

Online

P = .02

426 (16 to 836)
MET-min/week
500 (91 to 908)
MET-min/week
j0.21 (j1.1 to
0.7) mL kgj1 minj1

Online

P = .04

Online

P = .01

Online

P = .65

Control
Control
Online
Control

P
P
P
P

0.09 (j0.12
0.04 (j0.17
j0.11 (0.20
0.09 (j0.20

to
to
to
to

0.30)
0.24)
0.37)
0.37)

=
=
=
=

.4
.7
.4
.6

Devi et al27

0.58 (263 to 2451)
0.24 (358 to 2324)
Southard
et al29

4.1%

15.7%

Abbreviations: CI, confidence interval; IQR, interquartile range; PVO2, mixed venous oxygen pressure.

Online
Online
Online

P = .02
P = .15
P = .053
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TABLE 6

Intervention Effectiveness: Well-being and Functioning
Study

Quality of life u-Index adjusted
mean difference at 6 wk
Emotional QOL score at 6 wk
Social QOL score at 6 mo
Global QOL

Varnfield et al26

Intervention Control
Y

Y

Devi et al27
Devi et al27
Reid et al28

Difference

Study Arm Statistical
Favored Significancea

0.08 (0.02, 0.14)

Online

P = .01

0.48 (0.01, 0.54)
0.60 (0.05, 0.54)
F = 1.785

Online
Online
Online

P = .04
P = .02
P = .112

a

Mean difference between baseline and follow up (95% confidence intervals).
Abbreviation: QOL, quality of life.

insufficient data to determine the effectiveness of
other components of the interventions.

Discussion
This systematic review identified 7 studies (1321 participants) that compared Internet-delivered CHD selfmanagement support with usual care or an inactive
control and considered both physical and well-being
outcomes. The quality of these studies was reasonable,
but there was heterogeneity between studies in terms
of intervention content and the outcomes measured.
This means that, although there was some supportive
evidence, the overall effectiveness of such interventions
could not be determined. Specific intervention components that varied between studies included the theoretical basis, the use of personalization (eg, feedback
based on personal data), and the use of support (help
to promote the use of the intervention). Data were
insufficient to determine the effectiveness of these
components, although there was some indication that
increased engagement through personalization and
support is important.
A surprising finding, given the size of the problem of
CHD self-management24 and the well-recognized
potential for Internet interventions,14,15 is the small
number of relevant studies. However, we also identified 6 protocols for studies that would meet our inclusion criteria. More evidence should therefore be
available soon. The current review nevertheless provides useful information to inform the design and appraisal of future studies and of interventions.
Findings to Inform Study Design
The included studies made adequate use of randomization and allocation concealments. However, there
was a lack of blinding and evidence of incomplete or
selective reporting for some studies (Table 2). Future
trials should ensure that they adhere to established
standards.30 In addition, some trials had high rates of
attrition. High dropout rates may indicate lack of acceptability of the intervention; future studies should
investigate this. For instance, none of the included interventions involved users in their development (which

may improve acceptability and satisfaction). Four of the
interventions tested included components designed to
support engagement such as text messaging or reminders.23,25,26,28 Future studies should be designed
to test specifically the effectiveness of this.
Variation between studies in reported outcomes made
comparison across studies difficult. The development
of a standardized set of CHD and self-managementY
related outcome measures would solve this problem.
In addition, only 4 studies25Y27,29 reported on objective
measures of CHD. That online interventions are commonly tested in ‘‘remote’’ populations (ie, participants
sign up online and have no contact with clinicians)
may account for this lack of objective data. Although
this approach may be cost effective, pragmatic, and
consistent with the topic, the disproportionate collection of subjective outcomes, which are more prone to
bias,17 may be a flaw in trials of online interventions.
In future, trial designers should consider creative ways
to obtain objective data concerning CHD status; this
should be possible using remote technology.31
Findings to Inform Intervention Design
Evidence for the effectiveness of online interventions
for improving mood in CHD was very limited. Four
studies23,24,26,27 examined this, but only 1 study24 found
a statistically significant improvement in the intervention compared with the control group. This intervention used CBT, which is well known to be effective.
Depression and anxiety have been found to be independent predictors of poor cardiac outcomes in CHD,4
so the development of Internet interventions for CHD
that also target mood is a priority.
The interventions included in this review varied considerably in terms of their theoretical basis and content,
and whether, or how much, they were personalized. All
of the interventions included evidence-based behavior
change techniques, including 1 or more of goal setting,
action planning, biofeedback, and role modeling. This
is encouraging; however, more data are required to
determine the optimal intensity of their use and the
best method of delivery. Only 3 of the included studies23,25,28 described some kind of theoretical basis for
the intervention, although in a particular study,28 the

4.0 (4.0)
j3.66 (j4.27 to 3.05)
j2.44 (j3.02 to 1.87)
Y
Y
Y

Antypas and Wangberg23
Glozier et al24
Glozier et al24
Varnfield et al26
Varnfield et al26
Varnfield et al26
Devi et al27
Devi et al27
4.5 (4.7)
j2.60 (j3.16 to 2.05)
j1.48 (j1.99 to 0.97)
Y
Y
Y

Control
j1.06
j0.96
j0.90
j1.63
1.00
0.35
0.47

Y
(j1.89 to 0.23)
(j1.73 to 0.19)
(j2.37 to 0.77)
(j3.46 to 0.21)
(j1.81 to 3.63)
(j2.11 to 0.34)
(2.60 to 0.04)

Difference
Online
Online
Online
Online
Online
Control
Online
Online

Study Arm
Favored

P
P
P
P
P
P
P
P

Study
23

Abbreviations: CI, confidence interval; MOS, medical outcomes study; RR, relative risk.

5.0 (2.0)
4.8 (2.3)
2.72
(1.35 to 4.09)
94%

Intervention

Intervention Effectiveness. Self-management Indicators

Self-efficacy) 3 mo after discharge, median (IQR) Antypas and Wangberg
Social support 3 mo after discharge, median (IQR) Antypas and Wangberg23
Change in treatment adherence (MOS Patient
Glozier et al24
Adherence Scale Specific), mean (95% CI)
Adherence to cardiac rehabilitation program, RR
Varnfield et al26
(95% CI)
Self-efficacy at 6 wk
Devi et al27

TABLE 8

5.5 (2.0)
3.9 (1.8)
0.56
(j0.65 to 1.77)
68%

Control

Y
Y
2.16
(0.33 to 3.99)
1.4
(1.13 to 1.70)
0.52
(0.30 to 4.79)

Impact

.44
.01
.01
.3
.1
.5
.15
.06

P = .36
P = .46
P = .01
P G .05
P = .03

Online
Online

Statistical Significance
Control
Online
Online

Study Arm Favored

=
=
=
=
=
=
=
=

Statistical
Significance

Y indicates not reported.
Abbreviation: DASS, depression, anxiety and stress scale 21; GAD7, generalised anxiety disorder assessment 7; HADS, Hospital Anxiety and Depression Scale; PHQ-9, patient health questionnaire 9.

Intervention

Study

Intervention Effectiveness: Mood

HADS 3 mo after discharge, median (IQR)
Depression change in PHQ-9 score
Anxiety change in GAD7 score
DASSYDepression at 6 wk, median (IQR)
DASSYAnxiety at 6 wk, median (IQR)
DASSYStress at 6 wk, median (IQR)
HADS: Depression
HADS: Anxiety

TABLE 7
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What"s New and Important
h Internet-delivered self-management support
for improving CHD, well-being and
self-managementYrelated outcomes is potentially
effective, but existing trial evidence is insufficient to
draw definitive conclusions.
h There is a lack of evidence on the impact of such
interventions on objectively measured outcomes.
h Future well-designed trials should test how interventions
work, how to improve retention of participants, and
the impact of personalization and support.

authors state that ‘‘the content was designed to foster
behavioral capability, self-efficacy, social support, and
realistic outcome expectations,’’ which suggests that
the intervention was informed by the social cognitive
model. The impact of these factors was not tested however. Understanding of the mechanisms by which interventions may be expected to work helps to refine and
improve them, hence, those designing interventions are
encouraged to report this.32
A systematic review11 of more than 550 high-quality
studies of a range of interventions to support selfmanagement indicates that building self-efficacy is key
to a range of improve outcomes. It is therefore surprising that only 3 trials23,25,27 specifically tested improvements in self-efficacy or its role in mediating
other improvements. Future interventions should therefore include components to promote self-efficacy, and
trials should aim to identify the most effective methods.
The role of other mediating and moderating variables
should also be investigated as this review has identified
a lack of data concerning this.
There was some indication that the use of personalization and support to increase engagement may
increase the effectiveness of interventions. Further research is needed to test this, but this is supported by
previous meta-analytic research in depressed or anxious people without CHD.33 A trial of online CBT
plus a trained supporter who provided personalized
feedback and encouragement to engage found a 3-fold
increase in engagement and a 3-fold decrease in dropout rates compared with unsupported online therapy
interventions.34
Strengths and Limitations of the Review
We conducted a systematic and comprehensive literature search that identified published trials and protocols
that test Internet-delivered CHD self-management
support for physical and mental health. However, we
did not search for unpublished trials, which may provide additional evidence. For some of the included trials,
data were missing for some reported outcomes; we did
not contact authors to try to obtain these data.

Conclusion
Internet-delivered CHD self-management support for
improving CHD and self-managementYrelated outcomes
is potentially effective, but existing trial evidence is insufficient to draw definitive conclusions. More trials
are currently underway. Future research should involve
well-designed RCTs, which are adequately reported.
In particular, more research is needed to test which
intervention components are effective, the theoretical
basis by which interventions may work, and the mediating and moderating factors. Effort should be made to
determine the intervention"s effect on objectively measured physiological markers of CHD. Trials should test
how best to increase patient self-efficacy and how to
improve retention of participants and examine the role
of personalization and support within interventions.
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APPENDIX

Search Strategy

Set 1 (OR)
Computer
Medical informatics
Multimedia
Software
Internet
Online
Ihca
Web-based
Computer assisted
E-counselling
Telemedicine
Telehealth
E-health
App
Website

Set 2 (OR)

Set 3 (OR)

Set 4 (OR)

Self-management
Self-care
Behavioural
Cognitive
Motivational interviewing
Psycho-education
Empowerment
Self-efficacy
Mastery
Self-control
Self-confidence
Self-guidance
Self-determination
Competence

Coronary heart disease
Coronary artery disease
Cardiovascular
Ischemic heart disease
Myocardial infarction
Stroke
Hypertension
Long-term conditions
Chronic disease
Chronic illness

Depression
Anxiety
Quality of life
Low mood
Mood disorder
Affective disorder
Depressed
Anxious
Mental illness
Mental disorder
Psychological outcome

