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Abstract

Background: Increased accessibility to the internet and mobile devices has seen a rapid expansion in electronic health (eHealth)
behavior change interventions delivered to patients with cancer and survivors using synchronous, asynchronous, and combined
delivery methods. Characterizing effective delivery methods of eHealth interventions is required to enable improved design and
implementation of evidence-based health behavior change interventions.

Objective: This study aims to systematically review the literature and synthesize evidence on the success of eHealth behavior
change interventions in patients with cancer and survivors delivered by synchronous, asynchronous, or combined methods
compared with a control group. Engagement with the intervention, behavior change, and health outcomes, including quality of
life, fatigue, depression, and anxiety, were examined.

Methods: A search of Scopus, Ovid MEDLINE, Excerpta Medica dataBASE, Cumulative Index to Nursing and Allied Health
Literature Plus, PsycINFO, Cochrane CENTRAL, and PubMed was conducted for studies published between March 2007 and
March 2019. We looked for randomized controlled trials (RCTs) examining interventions delivered to adult cancer survivors via
eHealth methods with a measure of health behavior change. Random-effects meta-analysis was performed to examine whether
the method of eHealth delivery impacted the level of engagement, behavior change, and health outcomes.

Results: A total of 24 RCTs were included predominantly examining dietary and physical activity behavior change interventions.
There were 11 studies that used a synchronous approach and 11 studies that used an asynchronous approach, whereas 2 studies
used a combined delivery method. Use of eHealth interventions improved exercise behavior (standardized mean difference [SMD]
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0.34, 95% CI 0.21-0.48), diet behavior (SMD 0.44, 95% CI 0.18-0.70), fatigue (SMD 0.21, 95% CI −0.08 to 0.50; SMD change
0.22, 95% CI 0.09-0.35), anxiety (SMD 1.21, 95% CI: 0.36-2.07; SMD change 0.15, 95% CI −0.09 to 0.40), depression (SMD
0.15, 95% CI 0.00-0.30), and quality of life (SMD 0.12, 95% CI −0.10 to 0.34; SMD change 0.14, 95% CI 0.04-0.24). The mode
of delivery did not influence the amount of dietary and physical activity behavior change observed.

Conclusions: Physical activity and dietary behavior change eHealth interventions delivered to patients with cancer or survivors
have a small to moderate impact on behavior change and a small to very small benefit to quality of life, fatigue, depression, and
anxiety. There is insufficient evidence to determine whether asynchronous or synchronous delivery modes yield superior results.
Three-arm RCTs comparing delivery modes with a control with robust engagement reporting are required to determine the most
successful delivery method for promoting behavior change and ultimately favorable health outcomes.

(J Med Internet Res 2020;22(6):e16112) doi: 10.2196/16112
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Introduction

Background
The World Health Organization describes electronic health
(eHealth) as a cost-effective and secure way to use information
and communication technologies for health [1]. eHealth broadly
encompasses the provision of health care services, education,
allows surveillance, and the development of knowledge and
research through technology [1]. Mobile health (mHealth) is a
subset of eHealth, where mobile devices support the delivery
of medical and public health care to individuals and populations
[2]. In 2007, the number of individuals using the internet around
the world was approximately 1.3 billion [3]. Furthermore, in
2018, this number had trebled to 3.9 billion people with internet
access (51.2% of the world’s population) [3,4]. The use of
mHealth in the delivery of health interventions is increasing
worldwide because of the rapid growth of internet use and leaps
in technological advancements. Its potential to target previously
hard-to-reach populations and the need for innovative
approaches to deliver health promotion and interventions in the
face of aging populations and health care budget constraints
make it an attractive delivery method [2,5-8].

Behavior change interventions can be defined as “coordinated
sets of activities designed to change specified behaviour
patterns” [9]. The effectiveness of digital behavior change
interventions to promote behavior change is likely to be
dependent on a complex interplay of factors, which are still in
their infancy in terms of understanding. A systematic review
of behavior change interventions delivered via the internet found
that more extensive use of underlying behavior change theory
and utilization of more behavior change techniques were
important factors in overall intervention effectiveness [10].
Although eHealth interventions offer the promise of enhancing
health care to populations in rural and regional settings and
overcoming some of the challenges associated with accessing
traditional health care delivery modes, there has been concern
that in some segments of the community, provision of eHealth
may exacerbate already prominent inequalities [11]. Of
particular concern are individuals who have low health literacy,
access to technology, and familiarity and confidence in the use
of technology [11-14].

eHealth interventions, focusing on behavior change, are being
increasingly used in patients with cancer and survivors. In 2018,
cancer rates around the world increased to 18.1 million cases
per year with 1 in 6 women and 1 in 5 men receiving a diagnosis
in their lifetime [15]. Cancer survivorship also increased, with
43.8 million people surviving up to 5 years [15]. Many of these
individuals live with long-term treatment side effects, including
cardiac dysfunction, functional decline often precipitated by
chronic pain and fatigue syndromes, obesity, diabetes,
osteoporosis, premature menopause, neurocognitive deficits,
and risks associated with primary recurrence and second cancers
[16-18]. There are well-established guidelines and
recommendations to modify risks associated with physical
activity and healthy eating behavioral patterns post cancer
diagnosis [19-21]. Studies of behavior change interventions in
this population often use a guideline as a basis to improve
physical activity and healthy eating behaviors. A recent review
of self-guided technology-supported nutrition and physical
activity interventions in adults with cancer found benefits in
physical activity and fatigue with some modest effect on dietary
behaviors and health-related quality of life [22]. Another review
looked at telephone, print, and web-based interventions and
found that improvements were reported in 76% of the studies
included for physical activity, dietary behaviors, or weight [23].
However, these reviews did not contrast the relative
effectiveness of different approaches to delivering eHealth
behavior change interventions. There are 3 important categories
that eHealth interventions can be described: synchronous,
asynchronous, and combined. Synchronous eHealth
interventions are delivered via real-time interactions between
the person and health care provider, encompassing face-to-face
contact through teleconferencing equipment, telephone
(telehealth), and live chat via web-based [24-26]. Asynchronous
techniques include store-and-forward methods such as email
and automated messaging systems without a live interaction
component [24-26]. Combination approaches use both
synchronous and asynchronous elements. These distinctions
are important because they impact how health services need to
structure and staff services that use these approaches and dictate
whether or not health services have to rely on technology-based
platforms to enable delivery.
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Objectives
There is a need to characterize effective eHealth interventions
to enable improved design and implementation of
evidence-based cancer health behavior change interventions,
which will translate into the ability to scale up to affect health
behavior change in a wide range of health promotion and health
care management situations. This systematic literature review
seeks to compare synchronous with asynchronous delivery
modes and contrast their impact on behavior change and quality
of life outcomes in adult patients with cancer or survivors. It
also seeks to examine whether the degree of behavior change
influences the amount of change in quality of life and to describe
the behavior change theories and techniques used in the field.

Methods

In conducting this review, we recognized that increased access
to mobile internet technologies, and increased availability of
health information on the web, combined with changing
behaviors in accessing health information [27,28] means that
people who previously may have relied on health professionals
to provide them with information are now better enabled and
more likely to find information on their own. We chose to
restrict study selection to being from a contemporary period
(from 2007 onward) under the justification that the substantial
increase in availability of information about health behaviors
and managing the lifestyle consequences of cancer through the
internet has evidently changed how people may seek and find
information about their health issues and respond to behavior
change interventions delivered by distance.

Reporting Guidelines
This systematic review follows the Cochrane Collaboration’s
Handbook of Systematic Reviews of Interventions [29]. This
systematic review was registered with The International
Prospective Register of Systematic Reviews (PROSPERO)
CRD42018103855. The methods used in this systematic review
are in line with the preferred reporting items for systematic
reviews and meta-analysis (PRISMA) guidelines. A completed
copy of the PRISMA checklist is attached (Multimedia
Appendix 1).

Search Strategy
A three-part search strategy was used to identify studies that
met the following inclusion criteria: (1) we searched electronic
bibliographic databases for published work including SCOPUS,
Ovid MEDLINE, Excerpta Medica dataBASE (EMBASE),
Cumulative Index to Nursing and Allied Health Literature
(CINAHL) Plus, PsycINFO, and Cochrane CENTRAL; and (2)
we searched the reference lists of the primary studies included
in the review. We undertook a second phase of study
identification where we completed a hand search of the Journal
of Medical Internet Research Cancer and expanded the database
search to include PubMed with the additional search term
“website” (Multimedia Appendix 2).

Search Terms

Example Search Strategy
Mobile app*, electronic mail, internet, mhealth, mobile health,
ehealth, electronic health, telehealth, telemedicine, telenursing,
telemonitoring, telerehabilitation, telephone, cell* phone*, cell*
telephone*, mobile telephone, mobile phone*, smartphone*,
email*, electronic messag*, electronic mail, text messag*, short
messag* service*, SMS, MMS, interactive voice response,
multimedia, web-based, automat* reminder*, videoconferenc*,
online*

AND

behavio* chang*, health behavio* chang*, behavio* theory,
behavio* modifi*, health promotion

AND

NOT child*, adolescen*, teen*, preschool*, infant*, toddler*

AND

specific validated database filters for randomised controlled
trials

AND

English language, 2007 to current

The asterisk truncates the search term so that alternative terms
are also identified (eg, behavio* will find behavior and
behavioral).

Titles and abstracts were retrieved using the search strategy.
Reference lists were then exported into Clarivate Analytics
EndNote X8 and duplicates were removed. References were
then exported into Covidence where further deduplication
occurred. Abstracts were reviewed by the author (KF), and an
independent author (MS) performed a parallel review. The
overall review was limited to the population of people with
cancer when the abstract screening resulted in over 400 studies
to be reviewed. Papers where reviewers disagreed on the rating
of eligibility criteria were re-examined and discussed to reach
consensus. The full-text papers were then retrieved and
independently assessed by 2 reviewers (KF and MS). Hand
searching for primary studies included in the review resulted
in a further 23 studies for review.

Selection Criteria
Studies were limited to those relating to cancer patients or
survivors, published with one or more search terms, were
subjected to peer review, published in the English language,
involved human adult subjects aged 18 years and over, and
dated from 2007 to March 2019. The primary intervention was
delivered through an eHealth delivery method such as telephone
or internet, either asynchronous or synchronous or combined
interventions against a control (including usual care or wait list
control or no intervention), random assignment of participants
to treatment or comparison groups, and a measure of health
behavior change must have been taken after the intervention.
Studies were excluded if there was any face-to-face component,
as we sought to examine interventions purely delivered via
eHealth approaches.
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Outcomes
The Kirkpatrick model [30] is an internationally recognized
tool to evaluate the effectiveness of training interventions. In
this review, training is defined as the health behavior change
intervention. We sought to examine relationships between the
intervention delivery mechanism (synchronous or asynchronous)
and the 4 different levels of the Kirkpatrick model. The 4 levels
of the model are as follows:

• Level 1 (reaction): This is how participants responded to
the training. This review focuses on participant user
engagement metrics to assess reaction.

• Level 2 (learning): This is the content learned from the
training provided and is usually knowledge tests completed
pre- and postintervention.

• Level 3 (behavior): This level examines the participants’
application of learning. We review the participants’ ability
to translate the intervention into health-related behavior
change.

• Level 4 (results): This is the degree to which targeted
outcomes have occurred as a result of the training provided.
This review looks at health outcomes as described by
previous studies.

This review examined how the different delivery mechanisms
of behavior change intervention not only impact the individual
levels of this model but also impact the interaction between
these levels. We did not extract data related to the second level
of the Kirkpatrick hierarchy (learning) as behavior change
interventions do not necessarily require new information to be
learned to change behaviors (this is a minor limitation in
applying an educational framework in a behavior change
context).

Primary Outcomes
The primary outcome for this review was defined as a change
in health behaviors (eg, increases in moderate-to-vigorous
physical activity or fruit and vegetable consumption) from
baseline to the conclusion of the active intervention. This was
chosen as it was most likely to be the time of greatest
compliance with the intervention.

Secondary Outcomes
The secondary outcomes for this review were engagement in
the eHealth interventions and changes in quality of life, fatigue,
anxiety, and depression. We sought to measure the proportion
of participant initiation of the intervention, the frequency of
intervention delivery per week, and duration of intervention
delivery in minutes. Changes in quality of life, fatigue, anxiety,
and depression were measured relative to the measure taken as
close to the conclusion of the active intervention as possible,
not after any period of follow-up.

Other Descriptive Data
We sought to describe the behavior change theories used and
behavior change techniques employed in eHealth interventions.

Data Extraction
One (KF) and either of the 2 reviewers (MS or KH)
independently extracted data including study identifiers, study

design, population characteristics, consent and retention rate,
intervention, behavior change and health outcomes of interest,
behavior change theory and techniques used, intervention
participation rates, control condition details, length of follow-up,
and information to complete a risk of bias assessment into a
standardized data extraction table. Data were extracted on the
key outcomes (objective or self-reported) defined by the study,
including those that reported on multiple behavior change
outcomes (eg, diet and physical activity). Where this was not
clear, 2 reviewers independently chose the most relevant
behavior change outcome to the study. Where data were
incompatible for meta-analysis, authors were contacted twice
via email, and 2 out of 9 authors who were contacted responded
with forthcoming information. Engagement data were also
extracted by 2 reviewers.

Risk of Bias Assessment
Two review authors (KF and KH) independently assessed the
risk of bias for randomized controlled trials (RCTs) using the
Cochrane Collaboration’s tool for assessing bias [31].
Differences of opinion were discussed and agreed upon between
the 2 reviewers.

Analysis

Behavior Change and Health Outcomes
Data were separated into groups of similar outcomes to perform
pooled random effects meta-analysis using standardized mean
difference (SMD) of summative level data. Standardized effect
sizes were considered small at 0.2, moderate at 0.5, and large
at 0.8 [32]. A random effects metaregression analysis was
undertaken to determine if the mode of delivery influenced the
amount of behavior change observed. The SD of the effect size
was imputed for one study [33], as variance data were not
available. The imputation method was used to borrow a
particular value from other studies using the same outcome
measure [34]. The functional assessment of chronic illness
therapy-fatigue, used in 3 studies [35-37], was transformed by
multiplying the mean values by −1 to ensure that all scales were
in the same direction [29]. For visual representation and ease
of interpretation, fatigue, depression, and anxiety were
transformed to allow lower scores to represent improved
outcomes.

Initiation of Engagement Data
Variances of raw proportion data were transformed using the
Freeman-Tukey arcsine square root transformation [38]. The
DerSimonian-Laird random effects model [39] was then used
to pool these transformed proportions to provide a measure of
the extent of between-study heterogeneity. The Wilson score
was then used to provide CIs for the pooled estimate [40]. A
random effects plot was then created. Random effects
metaregression analyses were then performed to determine
whether any of the different delivery modes influenced the
amount of engagement initiation.
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Results

Summary
The literature search identified a total of 15,582 studies with a
further 23 studies identified through reference list searching of
relevant papers. After EndNote X8 and Covidence deduplication,
a total of 8259 studies were screened, with 72 s remaining for
full-text screening. A total of 24 studies were included in this
review; 11 studies were delivered via synchronous and
asynchronous methods, respectively, with 2 studies using a
combined approach (Figure 1). The studies were predominantly
delivered in the United States with 13 studies [37,41-52]; 3 in
Australia [35,36,53], South Korea [33,54,55], and the
Netherlands [56-58]; and 1 in Canada [59] and France [60]. The
total sample size was 4583, ranging from n=18 to n=641. There
were a range of different cancer types targeted during the study
interventions: 7 unspecified cancer types [45,49,50,52,55-57,60];
6 breast cancer [33,35,42,51,54,61]; 2 colon or colorectal
[36,43]; 2 breast, prostate, or colorectal [44,59]; 2 melanoma
[41,53]; and 1 each of breast/colon or rectal [37], colorectal or
prostate [58], prostate [46], and urothelial cell carcinoma [47].

The majority of studies focused on posttreatment (also reported
as survivors) with 17 studies [33,36,37,41,43-45,49-56,59,61],
6 studies included patients during active cancer treatment (2
used survivors and active cancer treatment) [35,42,47,57,58,60],
and 1 study included patients undergoing surveillance for their
cancer [46]. Of the 24 studies included in this review, 19
provided data on a measure of physical activity behavior change
[33,35-37,42-45,48-50,54-57,59] and 9 studies provided data
on a measure of dietary behavior change [33,36,42,44-47,54,56];
2 studies provided data on skin self-examination during
melanoma-related interventions [41,53]; 2 studies provided data
on smoking cessation [52,56], whereas another study provided
information on alcohol intake [36]. Interventions delivered via
synchronous modes included telephone, Skype, and
videoconferencing, whereas those delivered via asynchronous
modes used combinations of custom or existing websites and
mobile apps, with short messaging and email. Studies that used
combined methods used web-based intervention and an online
moderated forum, and telephone and SMS text messaging. Many
studies in any of the delivery method intervention groups used
adjunct features, including pedometers and written workbooks
(Multimedia Appendix 3).
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Figure 1. Preferred reporting items for systematic reviews and meta-analysis flowchart.

Behavior Change Techniques
The use of behavior change techniques varied significantly
between studies; studies used between 2 and 17 (median 8)
different techniques. The most popular behavior change
techniques used across the studies were goal setting (behavior;
87%) and self-monitoring of behavior (85%), information about
health consequences (70%), problem solving (67%), action
planning (62%), feedback on behavior (61%), and instructions

on how to perform behavior (61%). Out of the 93 hierarchically
set behavior change techniques from the Michie et al [62]
taxonomy, only 33 were used across the 24 studies included in
this review (Multimedia Appendix 4).

Behavior Change Theory
A total of 20 studies reported on the use of behavior change
theory. Within the studies that reported on behavior change
theory, social cognitive theory and the transtheoretical model
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of change were the 2 most popular theories used, with 60% and
39% of papers reporting on these, respectively. A total of 8
studies (33%) used more than one theory to underpin their
interventions (Multimedia Appendix 4).

Risk of Bias Assessment
The outcome of the risk of bias assessment is presented in
Figures 2 and 3. Attrition bias was considered to be low across

most studies. There was a high degree of risk associated with
blinding of personnel, participants, and outcome assessment.
The reporting of study-related processes was highly variable,
which led to many areas of the risk of bias being assigned as
unclear.

Figure 2. Risk of bias summary of the included randomized control trials using the Cochrane Collaboration risk of bias tool.
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Figure 3. Risk of bias graph.

Behavior Change: Physical Activity
Of the 19 studies in this review that presented data on physical
activity as a behavior change outcome, 15 studies were included
in this meta-analysis [35-37,42,44,45,48-51,54,57-60] and a
further 4 could not be included as the data were presented in a
format incompatible with meta-analysis [33,43,55,56]. There

was a finding in favor of eHealth interventions (SMD 0.34; 95%
CI 0.21 to 0.48) for increasing physical activity behaviors
(Figure 4).

When analyzed by delivery method, the intervention delivery
mode of synchronous, asynchronous, or combined did not
impact the overall positive outcome effect (Table 1).

Figure 4. Effect of electronic health interventions compared with a control on physical activity interventions, analyzed using standardized mean
difference. SMD: standardized mean difference.
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Table 1. Metaregression comparing the effect of synchronous versus asynchronous versus combined electronic health interventions on physical activity
behavior change, analyzed using standardized effect size.

P value95% CICoefficientStandardized effect size

.95−0.38 to 0.35−0.01Asynchronous

.32−1.27 to 0.45−0.41Combined

.0050.13-0.610.37Constant

The 4 studies examining asynchronous interventions provided
data that were presented in a format incompatible with
meta-analysis. One reported a significant increase in moderate
physical activity in their intervention group (P=.04); however,
the authors reported that this did not remain significant after
controlling for multiple testing [56]. Another study reported
that the intervention increased the proportion of participants
who undertook moderate intensity aerobic exercise for at least
150 min per week to a greater extent than the control (P=.001)
[33]. These outcomes contrasted with 2 other studies that
reported no effect in improving the secondary outcome of
metabolic equivalent of task (P=.48) [55] and the proportion
of participants who undertook moderate-to-vigorous physical
activity (P=.12) [43].

Behavior Change: Dietary
A total of 9 studies included in this review provided data on
diet as a behavior change outcome; 6 studies were included in
this meta-analysis [36,42,44,45,47,54] and a further 3 could not
be included as the data were presented in a format incompatible
with meta-analysis [33,46,56]. There was a finding that diet
interventions delivered via eHealth can improve behavior change
compared with control (SMD 0.44; 95% CI 0.18 to 0.70; Figure
5).

When analyzed by delivery method, the intervention delivery
mode of synchronous or asynchronous did not impact the overall
positive outcome effect (Table 2).

Figure 5. Effect of electronic health interventions compared with control on dietary interventions, analyzed using standardized mean difference. SMD:
standardized mean difference.
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Table 2. Metaregression of synchronous and asynchronous dietary interventions on behavior change outcome, analyzed using standardized effect size.

P value95% CICoefficientStandardized effect size

.52−2.18 to 1.29−0.44Asynchronous

.10−0.17 to 1.360.60Constant

In total, 3 studies provided data incompatible with the
meta-analysis. The 2 studies using asynchronous delivery
approaches reported significantly higher vegetable consumption
in participants accessing a web-based guide (P=.02), which the
authors reported did not remain significant after accounting for
multiple testing [56], whereas dietary quality index was greater
in the intervention compared with the control in the other study
(P=.001) [33]. One synchronous intervention reported a
significant increase in alpha-carotenoid concentrations compared
with controls (P<.05) [47].

Other Behavior Change Outcomes
A total of 5 studies provided data on other primary behavior
change outcomes, including smoking cessation, alcohol intake,
and skin self-assessment. A study examining asynchronous
interventions reported no effect on smoking cessation (P=.28;
odds ratio [OR] 2.61) [56]. Similarly, no improvement in
smoking cessation rates was found in a study using a combined
delivery mode approach [52]. A separate trial using an
asynchronous delivery mode to encourage skin self-examination
was effective (OR derived from percentage data provided 1.90,
95% CI 2.23-2.94) [41]. Conversely, another study examining
the effect of an intervention (delivered synchronously) to
encourage skin self-examination reported a decrease in the
reported rate of skin self-examination in the intervention group
compared with control (adjusted between-group difference
−0.13; 95% CI −0.4 to 0.2; P=.40); however, this outcome was
measured at 6 months follow-up rather than immediately post

intervention at 1 month. This study also presented information
about melanoma-related knowledge change and was the only
study included in this review that presented any data on
knowledge change. They found an improvement in
melanoma-related knowledge in the intervention group at 6
months using an adjusted between-group difference (1.7; 95%
CI 0.8-2.6; P<.001) [53]. The final study examining a
synchronously delivered intervention revealed no significant
difference between groups on alcohol intake (grams per day;
P=.26) [36].

Health Outcome: Quality of Life
There were 13 studies that provided data on quality of life
[33,35-37,42-44,49,54,55,58-60]; 2 meta-analyses were
performed as data were presented as a combination of final
scores and change scores. Of the 7 studies that provided final
scores, there was a favorable impact of the intervention for the
synchronous (SMD 0.25; 95% CI −0.36 to 0.87) and combined
(SMD 0.35; 95% CI −0.25 to 0.95) eHealth interventions on
quality of life. The 3 studies using an asynchronous mode for
intervention delivery reported no improvement in quality of life
compared with control conditions (SMD 0.01; 95% CI −0.15
to 0.17; Figure 6).

Of the 5 studies that provided change scores, there was a
favorable impact of the intervention for both asynchronous
(SMD 0.12; 95% CI 0.01-0.23) and synchronous (SMD 0.26;
95% CI 0.02-0.49) eHealth interventions on quality of life
(Figure 7).
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Figure 6. Effect of electronic health interventions compared with a control on quality of life interventions, analyzed using standardized mean difference
(postintervention mean and SD). SMD: standardized mean difference.
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Figure 7. Effect of electronic health interventions with a control on quality of life interventions, analyzed using standardized mean difference
(postintervention mean and SD change scores). SMD: standardized mean difference.

One study provided data that were incompatible with the
meta-analysis. It was found that quality of life was not
significantly different between the asynchronous intervention
group and the no intervention control group over the intervention
period. The intervention group baseline outcome score was 105
versus the postintervention outcome score of 109.1 and the
control group baseline outcome score of 103.3 versus the
postintervention outcome score of 106.5 [43].

When analyzed by delivery method, the intervention delivery
mode of synchronous or asynchronous did not impact the overall
positive outcome effect (Table 3).

When analyzed by delivery method, the intervention delivery
mode of synchronous or asynchronous did not impact the overall
positive outcome effect (Table 4).

Table 3. Metaregression of synchronous and asynchronous interventions on quality of life outcome, analyzed using standardized effect size.

P value95% CICoefficientStandardized effect size

.31−1.05 to 0.43−0.31Asynchronous

.94−1.22 to 1.290.04Combined

.27−0.37 to 1.00.31Constant

Table 4. Metaregression of synchronous and asynchronous interventions on quality of life outcome, analyzed using standardized effect size
(postintervention mean and SD change scores).

P value95% CICoefficientStandardized effect size

.40−0.31 to 0.580.14Asynchronous

.14−0.70 to 0.310.12Constant
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Health Outcome: Fatigue
There were a total of 10 studies that presented data on fatigue
[33,35-37,45,50,54,55,58,60,63]. Of the 6 studies using final
scores, synchronous (SMD 1.03; 95% CI 0.41-1.66) and
combined (SMD 0.23; 95% CI −0.37 to 0.83) interventions
showed a favorable impact on fatigue. The asynchronous group
reported no intervention effect on fatigue (SMD 0.03; 95% CI
−0.18 to 0.24; Figure 8).

Of the 4 studies that provided change scores, both synchronous
(SMD 0.19; 95% CI 0.03-0.34) and asynchronous (SMD 0.29;

95% CI 0.05-0.53) eHealth interventions showed a favorable
impact on fatigue (Figure 9).

When analyzed by delivery method, the intervention delivery
mode of synchronous, asynchronous, or combined did not
impact the overall positive outcome effect (Table 5).

When analyzed by delivery method, the intervention delivery
mode of synchronous or asynchronous did not impact the overall
positive outcome effect (Table 6).

Figure 8. Effect of electronic health interventions with a control on fatigue interventions, analyzed using standardized mean difference (postintervention
mean and SD). Lower scores indicate improved fatigue. SMD: standardized mean difference.
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Figure 9. Effect of electronic health interventions with a control on fatigue interventions, analyzed using standardized mean difference (postintervention
mean and SD change scores). Lower scores indicate improved fatigue. SMD: standardized mean difference.

Table 5. Metaregression of synchronous and asynchronous interventions on fatigue outcome, analyzed using standardized effect size.

P value95% CICoefficientStandardized effect size

.07−0.16 to 2.171.00Asynchronous

.20−0.74 to 2.350.80Combined

.08−2.14 to 0.77−1.03Constant

Table 6. Metaregression of synchronous and asynchronous interventions on fatigue outcome, analyzed using standardized effect size.

P value95% CICoefficientStandardized effect size

.54−0.51 to 0.730.11Asynchronous

.14−0.15 to 0.530.19Constant

Health Outcome: Depression
There were a total of 6 studies that presented data on health
outcome depression [33,45,53-55,58]. Of the 5 studies’ final
scores, the synchronous intervention showed a favorable impact
on depression (SMD 0.80; 95% CI 0.19-1.41). The asynchronous
group reported no intervention effect on depression (SMD 0.11;
95% CI −0.01 to 0.22; Figure 10).

The one that compared asynchronous study with a no
intervention control that reported change scores found no
intervention effect on depression (group difference −1.0; 95%
CI −2.8 to 0.8; P=.40).

When analyzed by delivery method, the intervention delivery
mode of synchronous or asynchronous did not impact the overall
positive outcome effect (Table 7).
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Figure 10. Effect of electronic health interventions with a control on depression interventions, analyzed using standardized mean difference
(postintervention mean and SD). Lower scores indicate improved depression. SMD: standardized mean difference.

Table 7. Metaregression of synchronous and asynchronous interventions on depression outcome, analyzed using standardized effect size.

P value95% CICoefficientStandardized effect size

.12−1.70 to 0.32−0.69Asynchronous

.08−0.19 to 1.790.80Constant

Health Outcome: Anxiety
There were 6 studies that provided health outcome data on
anxiety [33,35,53-55,58].

Of the 4 studies that provided final scores, both synchronous
(SMD 2.78; 95% CI 1.95-3.61) and asynchronous (SMD 0.74;
95% CI −0.01 to 1.48) modes showed a favorable impact on
anxiety (Figure 11).

Of the 2 studies that provided change scores comparing
synchronous interventions with usual care control groups, there
was a very small favorable intervention effect on anxiety (SMD
0.15; 95% CI −0.09 to 0.40; Figure 12).

When analyzed by delivery method, the intervention delivery
mode of synchronous or asynchronous did not impact the overall
positive outcome effect (Table 8).
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Figure 11. Effect of electronic health interventions versus control group on anxiety interventions, analyzed using standardized mean difference
(postintervention mean and SD). Lower scores indicate improved anxiety. SMD: standardized mean difference.
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Figure 12. Effect of electronic health interventions with a control on anxiety interventions, analyzed using standardized mean difference (postintervention
mean and SD change scores). Lower scores indicate improved anxiety. SMD: standardized mean difference.

Table 8. Metaregression of synchronous and asynchronous interventions on anxiety outcome, analyzed using standardized effect size.

P value95% CICoefficientStandardized effect size

.29−7.96 to 4.01−1.98Asynchronous

.15−2.47 to 8.022.77Constant

We were unable to perform metaregression to examine the
association between mode of delivery and change in anxiety,
as there was only 1 delivery mode (synchronous) included in
this meta-analysis.

Initiation of Engagement Data
A total of 5 studies did not provide any information about
engagement or participation in their intervention
[46,48,51,57,58]. Only 6 studies provided data on the initiation
of participants to their interventions [36,41,43,52,54,59]. Other
data pertaining to participant engagement or participation in
interventions are shown in Table 1. The pooled effect of the
proportion of initiation engagement found that 88% of

participants commenced the intervention (Figure 13). Of the 11
synchronously delivered interventions, 9 studies reported on
completion of telephone or videoconference sessions. In all, 7
studies reported that participants completed between 62% and
100% of all planned intervention sessions [33,36,42,45,49,53].
One study reported that 79% completed >75% of telephone
calls [35] and another reported a median 9 out of 10 to 11
planned telephone calls completed [37]. Comparison of
engagement and participation was made particularly challenging
in the asynchronous group due to the heterogeneous nature of
the reporting. Studies presented a range of data that included
initiation, content accessed, log-in averages, and intervention
fidelity or adherence.
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Figure 13. The effect of mode of delivery (synchronous or asynchronous) interventions on initiation engagement, analyzed using proportion.

Discussion

Principal Findings
The use of eHealth interventions improved physical activity,
diet behaviors, quality of life, fatigue, depression, and anxiety
in studies conducted across people who had been treated for a
range of cancer types compared with control conditions. The
overall impact appeared to be greater for the behavior change
outcomes than the health outcomes. It did not appear that the
mode of delivery (synchronous vs asynchronous vs combined)
affected how much improvement the eHealth interventions
generated. There was insufficient evidence to identify that the
amount of behavior change was associated with the amount of
change in health outcomes, although this may yet be identified
as further studies report on both outcomes. These findings
indicate that eHealth interventions may be beneficial for
improving health behaviors and health outcomes when provided
to cancer patients and/or survivors. However, there was one
behavior change area where a negative impact on a health
behavior (skin self-examination for melanoma) was reported,
indicating that not all health behaviors may be improved from
exposure to eHealth interventions.

At this stage, there is insufficient evidence to determine what
delivery methods work for who, in what context, at what time.
Therefore, the decision as to whether health services should
provide synchronous or asynchronous eHealth behavior change
interventions cannot yet be answered. None of the studies in
this review compared synchronous with asynchronous eHealth
approaches in the same population, using the same behavior
change theory and techniques. A study that examined a
telephone-delivered versus an internet-delivered weight loss
intervention in cancer survivors found that the telephone group
not only had greater losses in waist circumference (−0.75 vs
−0.09; P=.03) but also had higher levels of engagement (80%
completed calls vs 27% web log-ins) [64]. Other considerations,
such as the cost-effectiveness and reliability of the different
delivery approaches, should also come into play when making
this decision. These issues were beyond the scope of this review
but should be examined in future work to help inform this
decision making.

We identified that initial engagement was high across the few
studies that reported this outcome. We would also have liked
to examine long-term engagement and the effect of this on
intervention success, but the highly inconsistent and sporadic
reporting of long-term engagement within included studies made
synthesizing this information impossible in this review. There
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is no consensus regarding the definition of engagement in the
context of eHealth and how to measure it, as many studies of
behavior change interventions do not report at all on their
participant engagement characteristics, yet report on attrition
[65-69]. People could report absolute frequencies of contact,
and where relevant, duration of contact. However, a recent new
concept of effective engagement outlines that for each different
intervention delivered, and for each individual person receiving
the intervention, their requirement to engage and over what
period of time will be different to achieve the intended outcome
[70]. This concept indicates that absolute measures of
engagement in eHealth interventions may not tell the full story
as to whether the individual has engaged to a degree that is
optimal for them. Perski et al [71] proposed that engagement
with digital behavior change interventions occurs through
specific direct and indirect mechanisms of action. Constructs
of content, delivery, context, target behavior, population, and
setting were proposed as important mechanisms to understand
and report on when understanding engagement.

Our findings contrast with a previous review that looked at
telephone interventions on physical activity and dietary behavior
change in the population without cancer [72], in that the
magnitude of effect appears to be lower than previously pooled
analysis of behavior change outcomes using telephone
interventions (effect size 0.60; 95% CI 0.24 to 1.19). It is
plausible that the benefit of eHealth interventions in cancer
populations may be diminished compared with populations
without cancer because of concurrent treatment side effects and
the impact that a cancer diagnosis can have on the capacity of
patients to absorb new information [73]. A systematic review
[74] of the effectiveness of mHealth technology use in behavior
change interventions demonstrated mixed results. Studies
reporting benefits described small effect sizes that were retained
only in the short term. An older review [10] of interventions
promoting health behavior change via the internet also examined
the mode of delivery on efficacy and included 3 categories:
automated functions, communicative functions, and
supplementary modes. This review found that interventions
were more effective in eliciting behavior change when there
was more extensive use of underlying behavior change theory,
more techniques of behavior change used in the delivery of the
intervention, and additional methods of interacting with
participants (combined techniques). This review found that
between 2 and 17 behavior change techniques were used in each
study, and a range of theoretical underpinnings was employed.
This variability may also have contributed to the variability
seen in the results of this review. These previous reviews were
limited by not examining the potential mechanisms of action
leading to the behavior change or the moderating effect of how
the interventions were delivered.

We acknowledge a number of limitations on how we decided
to undertake this review. Many of the studies included in this
review used self-reported outcome measures with many failing
to also include objective measures to corroborate data. We also
combined both objective and subjective measures of behavior
in the same meta-analysis. The small number of studies and
high heterogeneity of data precluded a multiple metaregression
to assess the interaction between behavior change and

intervention delivery mode on health outcomes. Response bias,
including social desirability bias, occurs frequently where
self-reported outcome measures are used in research [75].
Ecological fallacy could also explain why we did not find a
relationship between the amount of behavior change and the
amount of change in quality of life. This could have been
brought about by the examination of study level comparisons
of analytic approaches and relationships rather than at the person
level. We need to be able to trace the health behavior change
data to the individual participants to understand the impact of
the intervention.

Many of the studies reported multiple outcome measures, each
with differing results. In this review, we chose to use data from
the primary outcome measures (where reported) as the outcome
of choice for behavior change and health outcomes. Where this
was not reported, we decided to choose the outcome that we
believed to be the most relevant outcome to the intervention
examined in that particular study. We chose not to conduct
metaregression analyses comparing synchronous and
asynchronous eHealth approaches for outcomes where only one
study was available in either of these subgroups. Such analyses
would arguably have had limited generalizability and were at
high risk of committing a type II statistical error. We chose to
include studies within this synthesis regardless of the type of
cancer involved or of the behavior change theories and
techniques employed. Each theory and technique may have a
different effect on the outcomes we examined and may be a
source of confounding for our comparisons of synchronous and
asynchronous eHealth approaches. Similarly, the type of patient
population may have a moderating effect on the efficacy of
synchronous and asynchronous eHealth interventions. Ideally,
a comparison of synchronous and asynchronous eHealth
approaches would be undertaken in the same populations, using
the same behavior change theories and techniques. However,
no such studies were identified in this review.

Effective health behavior change has been ascribed to rely on
the use of behavior change theory. In all, 83% (n=20/24) of
studies included in this review reported on the use of behavior
change theory. It was beyond the scope of this review to detail
how behavior change theory was used to develop the various
interventions used in the included studies. This is an area of
great interest and could be pursued in future reviews seeking
to identify how interventions are constructed, using the methods
of Michie and Prestwich [76].

There are a range of studies that looked at synchronous and
asynchronous methods in health behavior change interventions
in cancer patients and/or survivors, but there is a complete
absence of RCTs that compared the differences in the delivery
methods within one specific trial. This is where the gap in
evidence lies. This systematic review highlights the need for
further 3-arm studies comparing both synchronous and
asynchronous interventions compared with a standard care
group. There should also be an economic evaluation to
determine which is also the most cost-effective intervention.
Robust reporting of engagement, not only at the initiation of
the trial but throughout, is also essential to gain a greater
understanding of the complexity of participant engagement in
study efficacy and how to replicate this in future implementation
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of eHealth interventions. Trials of this nature will enable the
determination of the most successful method of delivery in
terms of effectiveness, acceptability, user engagement,
cost-effectiveness, successful behavior change, and ultimately
translation into health outcomes.

Conclusions
This systematic review and meta-analysis provides evidence
that behavior change interventions delivered via eHealth,

particularly on physical activity and diet modification delivered
to cancer patients or survivors, show benefit. There is
insufficient evidence to determine whether the specific delivery
mode of eHealth (synchronous, asynchronous, or combined)
modulates this effectiveness. Three-arm RCTs comparing
asynchronous and synchronous delivery modes with a control
with robust engagement reporting are required to determine the
most successful delivery method for promoting behavior change
and ultimately favorable health outcomes.
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