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Abstract
Background: Lack of physical activity is a critical contributing risk factor to cardiovascular disease. Hence, regular physical
activity is a mainstay in the primary and secondary prevention of cardiovascular disease. Despite the extensive promotion of
physical activity in both primary and secondary prevention programs, including cardiac rehabilitation, physical activity levels in
the cardiac population remain low. Therefore, it is crucial to understand critical determinants that influence physical activity
behavior.
Objective: This study aims to deliver a systematic review of studies with collated observational data exploring the association
between determinants and physical activity behavior in the target population. These new insights inform the design of future
interventions targeted at lasting heart-healthy physical activity behavior in the cardiac population.
Methods: Primary studies with observational quantitative data on determinants and their association with physical activity
behavior in the cardiac population will be included. Information on relevant primary studies will be retrieved from various
databases, including Embase, CINAHL, MEDLINE, PsycInfo, and Web of Science Core Collection. Six reviewers will
independently double-screen articles. Studies will be selected according to the prespecified inclusion and exclusion criteria. Data
will be extracted and entered into suitable worksheets. The US-based National Heart, Lung, and Blood Institute’s Study Quality
Assessment Tool for Observational Studies will be used to assess the quality of all eligible primary studies. The results will be
presented in a descriptive and narrative synthesis. If the type and quality of data are suitable, meta-analyses will be conducted.
Study reporting will follow the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement.
Results: Data collection started in September 2020, and the literature search was updated in July 2021. Data synthesis is ongoing,
and the literature search will be updated in October 2022.
Conclusions: This review will be valuable to relevant stakeholders, including clinicians and health care professionals, intervention
developers, and decision makers in health care. It lays a comprehensive foundation for understanding the determinants of physical
activity to inform the design of secondary prevention interventions relevant to the cardiac population.
Trial Registration: PROSPERO CRD42020206637; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=206637
International Registered Report Identifier (IRRID): RR1-10.2196/39188
(JMIR Res Protoc 2022;11(9):e39188) doi: 10.2196/39188
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Introduction
Background
Cardiovascular disease (CVD) is the number one cause of death
and disability worldwide, taking approximately 17.9 million
lives each year [1]. The pre-eminence of cardiac events has not
substantially changed over the past three decades [2]. This
applies especially to the population older than 60 years.
Numerous modifiable risk factors associated with an unhealthy
lifestyle contribute to CVD, such as diabetes, hyperlipidemia,
arterial hypertension, obesity, smoking, and physical inactivity.
In a recent large-scale epidemiological study of over 155,000
participants across 21 high-, middle-, and low-income countries,
it was estimated that 70% of CVD cases and deaths in the overall
study population could be attributed to modifiable risk factors
[3]. Although physical inactivity is one of the most deleterious
cardiovascular risk factors, which co-influences other
heart-critical risk factors such as dyslipidemia, diabetes mellitus
type 2, obesity, and arterial hypertension, levels of physical
activity remain well below current recommendations [4,5].
The current World Health Organization recommendations call
for 150 to 300 minutes of moderate-intensity physical activity,
75 to 150 minutes of vigorous-intensity physical activity, or a
combination of both for healthy adults per week. These
recommendations are also a target for cardiac rehabilitation;
nonetheless, a study surveying 8261 coronary patients from 27
European countries between 6 and 24 months after a cardiac
event found that only 35% of respondents reported that they
were performing planned physical activity to increase physical
fitness, while 42% reported that they were not performing any
planned physical activity and that they had no intention to do
so [6].
In secondary prevention, cardiac rehabilitation programs
promote physical activity for people with CVD. The concept
of cardiac rehabilitation refers to interventions targeted at
mitigating the effects of underlying heart conditions and
restoring physiological, psychological, and societal functioning,
reducing the overall risk of morbidity and mortality [7,8].
Although research on exercise-based cardiac rehabilitation offers
good evidence of its positive effects on the physical and mental
health of people with cardiovascular conditions, challenges
remain in maintaining physical activity behavior after
completing cardiac rehabilitation [9].
Reasons for nonmaintenance are multifactorial. Previous studies
suggest that several determinants influence physical activity
behavior in the cardiac population, namely, health beliefs
[10-12], illness cognition [13-15], health literacy [16,17],
sociodemographics [18,19], and health conditions and
comorbidities [20-22]. While there have been individual
observational studies and randomized controlled trials that have
captured quantitative data on determinants of physical activity
in the CVD population, to our knowledge to date, there have
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not been any systematic reviews and meta-analyses of these
quantified associations between determinants and physical
activity behavior. There is, therefore, an opportunity for the
systematic collection and analysis of this body of data using a
systematic review study design, providing collated insights into
the determinants of physical activity and the strength of their
associations with physical activity in this population.

Rationale
No existing systematic and comprehensive collation and
appraisal of the available data on the quantified association of
different determinants with physical activity behavior in the
cardiac population could be identified. It is expected that such
findings may allow for a comparison of the relative importance
of determinants for heart-healthy physical activity levels in
people with CVD. (The lay term heart-healthy in this context
is chosen deliberately to convey that the physical activity is
intended to contribute to maintaining or improving
cardiovascular health.) These findings can inform research and
interventions concerned with health behavior change by
shedding new light on how determinants operate within specific
sociodemographic, social-cognitive, health-related, and physical
environmental contexts.

Objectives
The objectives of this systematic review are to:
•
•

Identify relevant determinants of physical activity behavior
in the cardiac population
Determine the strength of the association between the
identified determinants and physical activity behavior

Methods
Overview
This systematic review protocol specifies the conduct and
reporting of a systematic review in compliance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement. This protocol follows the 2015
PRISMA-P (Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols) checklist [23] (Multimedia
Appendix 1). This systematic review will include studies that
provide observational data quantifying the association between
determinants and the outcome of interest (ie, physical
activity–related behavior) such as odds ratios, correlation
coefficients, and multivariate regression coefficients. This could
include studies with cross-sectional or longitudinal observational
designs or secondary analyses of experimental studies (eg,
analysis of data from a usual care control group). This protocol
has been registered with PROSPERO (registration
CRD42020206637).
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Eligibility Criteria
Search Domains
The search domains consist of population, determinants of
physical activity, and outcome behavior (physical activity).

Study Populations
This systematic review focuses on ongoing self-initiated
heart-healthy physical activity behavior of the adult cardiac
population. The study population is defined as adults (aged ≥18
years) who fulfill the medical indications for cardiac
rehabilitation. The reason for defining this population
description is that a medical indication for cardiac rehabilitation
implies an evidence-based recommendation for the person to
carry out ongoing heart-healthy physical activity and exercise
as part of their individual lifelong secondary CVD risk
prevention.
The specific medical indications for cardiac rehabilitation vary
between countries but commonly include, among others
[4,24,25]:
•

•
•
•
•
•
•
•
•
•
•

Acute coronary syndrome, including ST-elevation
myocardial infarction and non–ST-elevation myocardial
infarction
Bypass surgery
Other heart surgeries
Heart and lung transplantation
Chronic heart failure
Percutaneous coronary intervention
Chronic coronary heart disease
Pulmonary hypertension
Condition after an electrophysiological intervention
Cardiac pacemaker or a defibrillator
Hemodynamically stable arrhythmia

Determinants
Determinants (ie, factors that are associated with physical
activity behavior) include socioeconomic, environmental, and
psychological factors, as well as personal characteristics and
demographics. The domain determinants includes search terms
such as determinants, factors, influences, barriers, obstacles,
facilitators, mediators, enablers, causes, reasons, triggers,
contributors, predictors, and correlates. This systematic review
will include both modifiable (eg, psychological factors) and
nonmodifiable determinants (eg, demographics). However, the
focus will lie on potentially modifiable determinants that are
amenable to change, as the findings from this review should
ideally inform future intervention designs to address these
determinants. Examples for expected determinants under each
determinant category are age, gender, and marital status in the
demographics category; anxiety, depression, and kinesiophobia
in the psychological factors category; self-efficacy, subjective
norm, and illness perception in the cognitive factors category;
and severity of cardiac condition and level of comorbidity in
the morbidity category.

Gutenberg et al
that results in energy expenditure at work or during leisure time
such as sports, conditioning exercises, household tasks, and
other activities [26]. Both self-reported and tracked physical
activity data will be included. Self-reported physical activity
data refers to information provided by self-completion of a
questionnaire or by answering questions posed by a researcher
or health care professional. Tracked refers to physical activity
data that is collected through sensor devices, including
consumer-grade devices (smartphones, smartwatches,
pedometers, wearable activity trackers such as Fitbit) and
research-grade sensors (inertial measurement units,
accelerometers).
Different outcome measures will be considered, including
measures describing the level of physical activity (eg,
daily/weekly minutes of moderate and vigorous physical
activity, step count, energy expenditure, and instrument-specific
activity scores or categorization to activity levels) as well as
descriptions of adherence to physical activity recommendations
(eg, adherence to the World Health Organization physical
activity recommendations).
Descriptions of dynamic subbehaviors (change) of physical
activity over time (starting, stopping, increasing, reducing, and
switching the type of activity, sport, or exercise) will be
included, with the intention to identify determinants of change
dynamics. More differentiated aspects of physical activity
behavior over time are:
•
•
•

•

Maintaining/sustaining
Starting/beginning
Changing frequency/intensity/time (duration)/type of
physical activity (Frequency, Intensity, Time, and Type
principle [27])
Stopping/discontinuing

Explicitly excluded will be outcomes describing attendance at
or completion of cardiac rehabilitation exercise programs and
outcomes describing adherence to professionally guided homeor community-based exercise training interventions for people
with CVD. Because these types of programs are generally highly
resourced and time-limited, these outcomes are considered less
helpful toward the aim of this review, which concerns ongoing
self-initiated heart-healthy physical activity behavior.

Additional Criteria
This review includes publications in which precise association
statistics such as odds ratios and correlation coefficients are
presented. Publications that report on associations between
determinants and outcome behavior without presenting precise
association statistics will be excluded.
This review includes journal publications in English, Dutch,
and German. To be able to apprehend state-of-the-art literature,
the search includes journal publications from the past 15 years
(2005-2020). Peer-reviewed literature only will be included to
address the objectives specified above.

Outcome Behavior

Information Sources

Relevant for this systematic review will be any outcome that
demonstrates physical activity behavior. Physical activity is
defined as any bodily movement produced by skeletal muscles

Studies will be retrieved using five bibliographic databases,
namely, MEDLINE via PubMed, Embase, Web of Science Core
Collection, PsycINFO, and CINAHL. Preliminary searches of
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PROSPERO and the Cochrane Database of Systematic Reviews
were performed to confirm that no systematic review with a
similar research scope has previously been conducted or is
currently underway, ensuring that this study delivers relevant
and novel insights.

Search Strategy
A scoping literature search of PubMed was performed by one
researcher (STK) to identify which descriptors authors use for
the population, determinants, and outcome behavior targeted
by this study. From this, a detailed search strategy was
developed for each electronic database by three researchers (JG,
STK, RC) and an experienced librarian from Maastricht
University Library to identify studies for inclusion. The
complete search strategies for all bibliographic databases are
provided in Multimedia Appendix 2. To reach a high level of
methodological transparency and reproducibility, the search
strategy will be piloted by two researchers (JG, STK)
independently. The search strategy will be used for the
identification of study records in relevant electronic databases.
The search strategy contains terms that refer to determinants
and contributors associated with physical activity in cardiac
rehabilitation and secondary prevention in people with cardiac
disease; these terms will be adapted for use in all databases.
The search strategy includes the main sets of keywords referring
to “determinants,” “physical activity,” and “cardiac
rehabilitation”.
The search terms were combined using the Boolean operators
“AND” and “OR.” Subsequently, a search strategy was
developed by combining Medical Subject Headings (MeSH)
terms and word searches in the title or abstract. Publications
were filtered by publication year range and human studies; no
other filters were applied. The search strategy for the systematic
review will be documented in a table stating the database, the
date, the search terms, the database fields, and the number of
search results.

Data Management
Search results will be imported into the reference manager
software EndNote (Clarivate). This facilitates systematic and
comprehensive data management by storing, organizing, and
merging duplicates of scholarly articles in one application. Titles
and abstracts will then be transferred to a Google Sheet. The
Google Sheet includes two worksheets. The first worksheet
contains a queue with the inclusion criteria, drop-down menus,
and a designed data-screening algorithm. When the screener
chooses “No” in the drop-down function for any of the inclusion
criteria, the final screening decision cell will automatically
indicate “exclude”; if “unsure”, it switches to “?”; and if all
inclusion criteria are fulfilled and can be answered with “Yes,”
the final screening decision column automatically indicates
“include.” The second working sheet consists of the working
definitions for the three search domains “population,”
“determinants,” and “outcome behaviour.” This Google Sheet
design is intended to support and manage a larger group of
reviewers by creating an efficient and convenient workflow for
screening and data extraction, and to ensure that screening
decisions and data extractions are documented and auditable.
https://www.researchprotocols.org/2022/9/e39188
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Study Selection Process
This review will include primary research studies only. The
screening of records will be performed against the eligibility
criteria. Disagreements between reviewers regarding screening
decisions will be resolved by consensus or by a third
independent reviewer’s decision.
The first phase of the study selection process consists of
screening by title and abstract according to predefined
dimensions: population, determinants, and outcome behavior.
In phase two, the team will screen the full texts of documents
to verify the studies’ eligibility. At each phase, independent
double-screening will be conducted by a team of up to 8
reviewers. Discrepancies in screening decisions will be resolved
by discussion, with the involvement of a third reviewer where
necessary.
A flowchart following the PRISMA statement [23] will be
created to document the selection process. The flowchart
includes the search results, the removed primary studies after
reviewing the title or abstract, the citations obtained in full text,
the removed studies after full-text screening including duplicated
records and irrelevant studies, and the ultimately included
primary studies.

Data Extraction
Data will be extracted by record number and include all relevant
information: article ID, author, journal, study title, language,
year of publication, study aim, study design, sample description
(characteristics and size), setting and country, determinants,
methods of assessing determinants, type of outcome, outcome
assessment methods, types of effect sizes calculated for
associations between determinants and outcome (odds ratios,
correlation coefficients, multivariate regression coefficients),
and reported effect sizes for association statistics with measures
of precision (CIs, R2 values) and summary statistics for
determinants and outcome parameters (frequencies, measures
of central tendency, and spread). If associations have been
reported for subgroups of the study sample, sample sizes of
subsamples will be noted.

Quality Assessment
To assess the methodological quality of included studies, the
research team will use the US-based National Heart, Lung, and
Blood Institute’s Study Quality Assessment Tool for
Observational Studies [28]. This tool is suitable as it matches
the chosen study designs and the level of detail required in the
assessment, and it guides and enables the process of
differentiating between internal validity (risk of bias) and
external validity (generalizability). The quality of the individual
studies will be assessed independently by two reviewers;
disagreements will be resolved by discussion, and if necessary,
a third reviewer will be consulted.

Data Synthesis
An initial descriptive synthesis will be conducted using text and
tables, including a summary of included studies, quality
assessment, and a description of the risk of bias for individual
studies. After that, a narrative synthesis will be conducted. The
strength of associations between identified determinants and
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(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
physical activity behavior will be assessed and described
according to qualitative descriptors proposed by Rosenthal [29].
If the data is suitable, a quantitative synthesis (meta-analysis
of effect sizes regarding determinants of physical activity) will
be performed. Heterogeneity will be assessed using the I2
statistic and sensitivity analyses by comparison of subgroups
stratified by clinical characteristics, outcome parameters, and
study designs. The degree of heterogeneity observed will inform
the decision to proceed to a meta-analysis and the choice of
fixed-effects model (in case of homogeneous data) or
random-effects model (in case of heterogeneous data). A forest
plot will be constructed to graphically illustrate the
meta-analysis. The possibility of publication bias will be
examined using a funnel plot [30].
Depending on the types and numbers of primary studies
identified, analyses of subsets may be performed as well, for
example, according to a specific physical activity behavior such
as stopping physical activity after cardiac rehabilitation.

Amendments to the Protocol
All essential amendments to this protocol will be discussed and
decided among the core study team (JG, STK, RC) and
communicated among the wider team of reviewers. Amendments
will be documented, specifying the timing and rationale for
each amendment, added to the PROSPERO study entry, and
reported in the final study report.

Results
Data collection started in September 2020 and the literature
search was updated in July 2021. Data synthesis is ongoing and
the literature search will be updated in October 2022.

Discussion
Contribution to the Literature
To reach the objectives specified above, several methodological
considerations and decisions have informed the protocol for
this systematic review. One early principal decision in the
review’s conceptualization was to search for data on
determinants of physical activity behavior instead of searching
for experimental evidence of behavior change interventions for
physical activity in people with CVD. Both approaches are
possible, depending on the objectives of interest. For example,
systematic reviews and meta-analyses by Silva et al [31] and
Bélanger-Gravel et al [32] collated experimental evidence of
implementation intention interventions (eg, action planning) on
physical activity behavior in mixed populations, including
studies with healthy and general population samples as well as
different clinical groups. These reviews were able to show small
to moderate pooled effect sizes of intention interventions on
physical activity, as eligibility criteria were a priori theoretically
driven and included interventions based on the Theory of
Self-Regulation and Theory of Planned Behaviour, resulting in
the inclusion of theoretically coherent primary study
interventions [31,32]. In this example of previous studies, the
focus is on interventions targeting physical activity.

https://www.researchprotocols.org/2022/9/e39188

XSL• FO
RenderX

Gutenberg et al
For physical activity behavior in the cardiac rehabilitation
population, this approach may present limitations due to various
and complex intervention concepts that have been trialed in the
past, with differing and sometimes unspecified or poorly
described underlying theoretical mechanisms of action. It is a
recognized limitation in the literature on complex health care
interventions that authors provide limited details on the
underpinning theoretical approach, assumptions of mechanisms
of action, and actual content and implementation of interventions
[33,34]. For this reason, a decision was made to search for
observational evidence of determinants of physical activity
behavior in this target population, which relates more directly
to understanding influences on behavior and is therefore likely
to prove more informative for developing novel contextualized
intervention concepts than experimental evidence of intervention
effectiveness.
The systematic review and meta-analysis by Amireault et al
[35] has a comparable focus area to this review and investigates
the determinants of physical activity maintenance with potential
long-term effectiveness to inform future interventions. However,
its target population is healthy adults. Determinants of physical
activity may be different for the cardiac rehabilitation population
compared to healthy adults, as health conditions, comorbidities,
and physiological factors such as kinesiophobia [36] may
determine physical activity behavior differently in the cardiac
rehabilitation population.
Another review with similar focus was published by Petter et
al [37]. The authors collated evidence of social-ecological
correlates of exercise in people with coronary heart disease and
described 32 factors based on 121 included studies. The review
by Petter et al [37] differs from this review in two key aspects.
First, due to the lack of detailed reporting of association
statistics, Petter et al [37] were unable to synthesize precise
association statistics (as is the aim in this review) but interpreted
the presence of associations across studies, that is, based on the
number of studies supporting certain hypothesized associations
(detailed group procedure). While this is a valid and useful
approach, it is anticipated that our review will add value through
synthesizing quantified associations from reported association
statistics, thus enabling a more informed judgement on the
relative importance of different determinants. Second, most
studies included in the review by Petter et al [37] provided data
on people’s exercise adherence during formal center-based and
home-based cardiac rehabilitation, as opposed to sustained
maintenance of heart-healthy physical activity outside of formal
cardiac rehabilitation provision, which is the aim of this review.
In the definition of the study population, this review will focus
on people with a medical indication for cardiac rehabilitation
because this implies a recommendation for lifelong regular
heart-healthy physical activity. It also indicates that this target
population would (or should) enter formal clinical rehabilitation
settings or have other encounters with cardiac clinical services
(follow-up appointments, written communications), providing
touchpoints at which theoretically and empirically informed
behavior change interventions for sustainable healthy habit
formation could ideally be leveraged. In the finalized search
strategy, the search terms for relevant medical diagnoses were
therefore combined with descriptors for cardiac rehabilitation,
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suitably contextualizing the search to the cardiac rehabilitation
clinical pathway.
It was a deliberate decision, in the selection of the outcome for
the systematic review, to focus on physical activity behavior as
opposed to exercise capacity. Exercise capacity describes an
individual’s physical fitness and constitutes a critical cardiac
rehabilitation outcome. Typically, it is assessed through
standardized ergometry [38] or other individual fitness tests
such as the 6-minute walking test [39]. However, in this review,
the focus lies on a more directly relatable outcome: habitual
physical activity behavior in the target population, which also
links to the official international recommendation for physical
activity provided by the World Health Organization [40].
Moreover, the focus of interest in this review lies on individuals’
habitual physical activity behavior in the context of their
everyday lives. Therefore, studies of attendance at or completion
of cardiac rehabilitation exercise sessions will be excluded, as
will studies of adherence to professionally guided home- or
community-based exercise training interventions for people
with CVD because these are generally highly resourced,
time-limited, and not reflective of ongoing self-initiated
heart-healthy physical activity behavior.
In defining the outcome of physical activity behavior, a
deliberate decision was made to include both self-reported and
tracked outcome data. It is often asserted that tracked (objective)
physical activity measurements, for example, using
accelerometers, pedometers, smartphones, or wearables, are
preferable to self-reported (subjective) physical activity
measures due to biases inherent in self-report methods, including
misperception, recall bias, or social desirability bias [34,41].
For example, in a study of 1751 adults across ages 19 to 84, a
comparison of self-reported (International Physical Activity
Questionnaire) and tracked (ActiGraph accelerometer) physical
activity over a 1-week period indicated that, on average,
sedentary time was underreported and vigorous physical activity
was overreported [42]. However, it may be helpful to view
self-reported and tracked physical activity measures as two
alternative or even complementary approaches, each with their
advantages and disadvantages. Tracked physical activity
measurements can be susceptible to technical failure or operator
error, for example, when wearable devices are given out to study
participants for more extended time periods and rely on
participants for accurate application, handling, and recharging
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of the device. Other limitations of physical activity measurement
devices include the inability to capture all types of activity
automatically (in particular, swimming, cycling, and
individualized exercise; eg, strength training can be difficult to
detect), heterogeneity in device capabilities and data analytic
processes, the burden of wear time for participants, and potential
for high reactivity (ie, the impact of wearing a tracking device
on the participant’s physical activity behavior) [43]. Advantages
of self-reported physical activity measures are lower participant
burden, cost, and time requirements of administration,
particularly for one-off retrospective self-reporting of physical
activity behavior (International Physical Activity Questionnaire
[44]) as opposed to the daily completion of a physical activity
diary or description of physical activity during typical time
periods (Godin-Shephard Leisure-Time Physical Activity
Questionnaire [45]).

Limitations
Limitations of this systematic review are acknowledged. First,
a date filter (2005 and later) is applied to the literature search.
While this date filter is intended to identify studies more
reflective of recent cardiac patient profiles under state-of-the-art
medical and rehabilitation care, determinants of physical activity
reported prior to 2005 may nevertheless be of relevance. Future
research could extend the search parameters to include studies
published prior to 2005 as well. Second, the results are restricted
to peer-reviewed literature. This could lead to potential
publication bias due to missing null results that are more likely
to be disseminated in conference abstracts and gray literature
than in peer-reviewed articles. Future research could address
this limitation by widening eligibility criteria in addition to
seeking access to unpublished data sets if necessary.

Conclusions
Considering those beforementioned methodological aspects,
this review will be valuable to relevant stakeholders, including
clinicians and health care professionals, intervention developers,
and decision makers in health care. It will shed new light on
the relevance and significance of modifiable (eg, health belief,
health literacy, illness cognition, or structural barriers for
executing physical activity behavior) and nonmodifiable (eg,
sociodemographics, education, health insurance, or income)
determinants of physical activity to maintain physical activity
behavior.
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