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ABSTRACT
Background Cardiac rehabilitation (CR) decreases the 
morbidity and mortality risk among patients with cardiac 
diseases; however, the impact of CR on patients with diabetes 
remains underexplored. This is a protocol for a systematic 
review and meta- analysis methodology to explore if the effect 
of CR on mortality and morbidity is the same in patients with 
type 2 diabetes compared with patients without diabetes.
Methods and analysis Interventional and non- interventional 
studies comparing the effect of CR, for at least 1 month, on 
all- cause mortality and cardiovascular outcomes including 
fatal and non- fatal myocardial infarction, revascularisation and 
rehospitalisation in adults with cardiac diseases will be deemed 
eligible for inclusion. Studies published between 1990 and 
2020 will be searched in PubMed, Embase, Cochrane, CINAHL, 
Scopus and in registries for randomised controlled trials. 
Eligible studies will be selected using the Covidence software, 
and their salient details regarding the design, population, 
tested interventions and outcomes of interest will be gathered. 
The quality of studies to be deemed eligible and reviewed will 
be assessed using the Cochrane Collaboration and National 
Heart, Lung, and Blood Institute’s tools. The appraisal process 
will be based on the study design (interventional and non- 
interventional). In the meta- analysis step, the pooled effect of 
CR on the outcomes will be estimated. All meta- analyses will 
be done using the random- effects model approach (inverse- 
variance method). I2 and p value of χ2 statistics will guide 
the heterogeneity assessment. Subgroup analyses will also 
be performed. The small study effect will be investigated by 
generating the funnel plots. The symmetry of the latter will be 
tested by performing Egger’s test.
Ethics and dissemination The systematic review will use 
data from published literature; hence, no ethical approval 
will be required. Findings of the systematic review and meta- 
analysis will be published in peer- reviewed international 
journals and will be disseminated in local and international 
scientific meetings.
PROSPERO registration number CRD42020148832.

INTRODUCTION
Cardiovascular diseases (CVDs) are the leading 
cause of mortality and disability across the 
globe in both adult men and women. Annually, 
worldwide, more people die from CVDs than 
any other cause.1 In 2016, almost 17.9 million 

people died from CVDs, comprising 31% of all 
global deaths.1 It is estimated that around 23.6 
million people will die from CVDs by 2030.2

Cardiac rehabilitation (CR) is a complex 
multidisciplinary intervention offered to patients 
suffering from cardiac diseases including 
myocardial infarction (MI), cardiac failure, 
surgery of cardiac valves, coronary artery bypass 
surgery and percutaneous coronary interven-
tion.3 4 It is a well- recognised secondary preven-
tion intervention aiming to decrease the risk of 
morbidity and mortality, and to enhance the 
quality of life in patients with a history of CVD. 
Several leading health organisations including 
the American Heart Association, The National 
Institute for Health and Care Excellence, and 
The British Association for Cardiovascular 
Prevention and Rehabilitation endorse CR for 
patients with CVD.5–12 CR comprises an exercise 
programme, smoking cessation intervention, 
behavioural and nutritional counselling, immu-
nisation and interventions to treat blood pres-
sure, lipid levels, obesity and diabetes mellitus.3 

Strengths and limitations of this study

 ► The protocol follows the Preferred Reporting Items 
for Systematic Review and Meta- Analysis Protocols 
(PRISMA- P) and the systematic review and meta- 
analysis will follow the PRISMA 2009 guideline.

 ► The database search strategy is developed and test-
ed by an expert librarian.

 ► Screening of citations to be retrieved, full- text 
screening, data abstraction, and risk of bias and 
quality assessment will be performed independently 
by at least two expert reviewers.

 ► Heterogeneity in effect estimates will be resolved 
through subgroup and meta- regression analyses; 
otherwise, the included studies will be reported 
narratively.

 ► Limitations may include lack of uniformity in the 
reported effect estimates of association in the 
literature.
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Typically, the CR programme starts during in- hospital admis-
sion and carries on after discharge from the hospital.3

Several studies and meta- analyses have shown the bene-
ficial effect of CR in reducing cardiovascular morbidity 
and mortality and in improving patients’ quality of 
life.4 5 13 14 A very recent systematic review and meta- 
analysis in patients with acute coronary syndrome, coro-
nary artery bypass grafting or mixed populations with 
coronary artery disease has shown a significant decrease 
in mortality among patients who were referred to CR (HR 
0.37, 95% CI 0.20 to 0.69).15

Despite the evidence that CR is an effective intervention 
to reduce morbidity and mortality in patients with history of 
cardiac disease, contemporary literature does not provide 
enough information on the beneficial effect of CR among 
patients with type 2 diabetes mellitus (T2DM). Many studies 
have shown an increased risk for recurrent CVD events in 
patients with T2DM compared with those without T2DM.16 17 
A very recent study have shown that following MI, adults with 
T2DM had a higher risk for recurrent CVD events compared 
with those with prior CVD but without T2DM. The current 
2018 American Heart Association/American College of 
Cardiology guideline also considers patients with T2DM to 
be at very high risk for recurrent CVD events.18

Investigating the effect of CR in this subpopulation of 
patients is then of great interest. Considering the substantial 
global burden of T2DM and its complex association with 
recurrent cardiac diseases, it is crucial to understand how CR 
might help in controlling all- cause mortalities and cardiovas-
cular disabilities (eg, fatal and non- fatal MI, revascularisation 
and rehospitalisation) in patients with T2DM. In this protocol, 
we propose to run a systematic review and meta- analysis to 
investigate the effectiveness of CR in decreasing the risk of 
mortality and morbidity among patients with T2DM. The 
protocol also presents a systematic methodology to explore 
if the effect of CR on mortality and morbidity is the same in 
patients with T2DM compared with patients without T2DM.

METHODS
Our protocol follows the Preferred Reporting Items for 
Systematic Review and Meta- Analysis Protocols (PRISMA- P) 
2015 statement.19 The prospective review is registered with 
the PROSPERO (registration no. CRD42020148832).20 A 
request to update the information about starting date and 
search date inclusion in the PROSPERO registration form 
has been submitted. The start date for the review will be 
December 2020 and the estimated date for completion is set 
to December 2021.

Eligibility criteria
Inclusion criteria
We will include interventional and non- interventional studies 
reporting direct and/or indirect comparison of effect sizes 
in patients with diabetes versus patients without diabetes. All 
studies should have reported calculated or calculable esti-
mates of the association between the measured exposure(s) 
and the outcomes(s). The systematic review will be carried 

out using the PECO(T) approach (participants, exposure, 
comparator, outcome(s) and type of study). The PECO(T) 
provides the framework from which studies are identified 
and selected for inclusion.21

 ► Population: 18 years or older patients with or without 
T2DM who had experienced at least one cardiac 
event.

 ► Exposure: CR regardless of the type, frequency, inten-
sity, duration and the location where CR was provided 
(eg, at home or at a specialised healthcare facility).

 ► Comparators: No CR.
 ► Outcomes: All- cause mortality and/or CVD events 

including fatal and non- fatal MI, revascularisation 
and rehospitalisation.

 ► Type of study: Interventional and non- interventional 
studies.

Exclusion criteria
Studies with no comparison groups or case series studies 
will be excluded. Crossover studies will be also excluded if 
the outcome of interest is not reported before the cross-
over occurs. Also, letters, editorials and conference abstracts 
(without full publication) will be excluded. We will also 
exclude (1) studies among pregnant women with cardiac 
diseases, patients with a heart transplant or patients with 
implanted defibrillators/pacemakers, where the reported 
estimates are not separable from the other population groups; 
and (2) studies with no calculated or no calculable quantita-
tive estimates on the association between the measured expo-
sure(s) and the outcomes(s).

Search strategy and study selection
We will search for papers published between January 1990 
and December 2020 in PubMed, Embase, Cochrane, 
CINAHL and Scopus, irrespective of the language of publi-
cation and geographical origin. A search combination of the 
fields: ‘Title’, ‘Abstract’ and MeSH/Thesaurus will be applied 
to ensure the best possible information retrieval. Additional 
searches will follow using clinical trial registry websites and 
the bibliography of articles included in the proposed review. 
The search strategy will include terms based on the popula-
tion, interventions compared and outcomes. Pre- searches 
in PubMed to identify search terms and develop a search 
string were conducted in June–November 2020 and the full 
search, including all selected databases, will be completed in 
December 2020. The draft of the preliminary search strategy 
for PubMed is available as supplementary material (online 
supplemental file 1).

On uploading the retrieved citations to the Covidence 
software and removing duplicates, at least two reviewers 
will independently screen these citations against the 
above- stated eligibility criteria. Full text of the eligible and 
potentially eligible studies will be thoroughly screened and 
assessed for final inclusion. The review authors will resolve 
disagreements in the study selection process by consensus. 
In the event of many studies reporting findings on the same 
population, the one with more relevant information will be 
chosen. Cabell’s Predatory Report will be informed to verify 
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the scientific status of the open access papers selected for 
the review.22

Data abstraction
Data on study and participant characteristics, interven-
tions compared and outcomes of interest will be gathered 
in a predefined Excel sheet by at least two reviewers inde-
pendently. Disagreement during the process of data abstrac-
tion will be resolved by discourse. Details of studies to be 
collected will include publication details (year and journal), 
study design and duration, trial ID (if a clinical trial), country 
and setting where the study was performed, single or multi-
centred, ethical clearance, participant consent and funding 
information. Details regarding participants in each study will 
include sex and age, frequency of outcome data along with 
the reason of missingness (if any), diagnosis received, rele-
vant baseline characteristics like HbA1c and fasting blood 
glucose for patients with diabetes, comorbidities and tradi-
tional risk factors. Regarding CR exposure, we will collect 
CR delivery- related details including its location, intensity/
frequency, duration, type, referrer, provider and financial 
support received (eg, medical insurance programme). For 
those who did not receive CR, details of any other interven-
tion received will be gathered. For the outcome, depending 
on the data reported in the studies, we will collect the raw 
data, the estimated effects or both.

In studies reporting calculated crude and/or adjusted 
effect estimates of the respective outcomes of interest, these 
estimates will be extracted along with their corresponding 
95% CI limit. In studies with no calculated effect estimates, 
relevant data will be extracted to calculate the crude and/or 
adjusted estimates. A prioritisation scheme will be followed 
in extracting quantitative data. Within the same study, effect 
estimates stratified according to comorbidity will be prior-
itised, followed by age and duration of CR. Otherwise, the 
estimated overall effect will be used. One stratification level 
per included published research report will be considered to 
avoid double- counting. Stratified precalculated crude effect 
estimates (eg, stratified by age) will be extracted to produce 
one adjusted (eg, age- adjusted) effect estimate. In studies 
reporting adjusted effect estimates using multiple models, 
we will extract data from the model adjusted for the most 
number of confounders.

Risk of bias assessment
Using the Cochrane Collaboration tool, the risk of bias (RoB) 
of the randomised controlled trials will be evaluated for selec-
tion bias, performance bias, attrition bias, reporting bias and 
other biases.23 The selection bias will be assessed by evalu-
ating the random sequence generation method used and the 
mechanism applied to conceal the sequence from the partic-
ipants. The performance bias will be judged by assessing the 
mechanism and its adequateness concerning the blinding of 
study participants and personnel towards the intervention. 
For attrition bias, we will primarily evaluate the balance and 
reasons for missing data on the outcomes. Finally, reporting 
bias will be assessed by comparing the reported and unre-
ported findings of each trial for any systematic differences. 

Any additional bias not meeting any of the above types will be 
labelled as other biases. The risk of each of these biases will 
then be categorised as low, high or unclear.

Study Quality Assessment Tools by the ‘National Heart, 
Lung, and Blood Institute’ will be used to appraise the non- 
interventional studies, and the quality of each of these studies 
will be graded as low, high or unclear.24 Two reviewers will 
separately conduct the RoB assessment. Discrepancies will 
be resolved by discourse. If this discourse is not conducive, a 
third- party opinion will be sought.

Evidence synthesis
The pooled effect estimates of the respective outcomes will 
be estimated by meta- analysis using a random- effects model 
(Mantel- Haenszel method), as substantial clinical heteroge-
neity is anticipated in this kind of studies. This heterogeneity 
can be caused by the variability in participants’ characteristics 
across studies (eg, diagnosis, the severity of cardiac diseases or 
T2DM, comorbidities, ethnicity, socioeconomic background 
and other risk factors), variability in interventions (eg, the 
period of time from cardiac event to CR initiation, the CR 
duration, frequency and intensity, the level of expertise 
among CR providers, and the place where CR therapy was 
given (eg, healthcare facility vs home- based), and variability 
in treatment modalities).

When raw dichotomous data are available for meta- 
analysis, the summary effect will be estimated in the risk ratio 
(RR). For meta- analysis with such studies, the intervention- 
specific frequency of the outcomes will be summed when it is 
available from multiple treatment arms. If an outcome event 
does not occur in one of the two treatment arms compared 
in a study, 0.5 will be added to each cell of the 2×2 table for 
meta- analysis (continuity correction). A study will be elimi-
nated from the meta- analysis when this happens to both of its 
juxtaposed intervention arms. Such excluded studies will be 
included in the meta- analysis while estimating the pooled risk 
differences for sensitivity analysis.

Precalculated and calculated crude effect estimates will 
then be pooled using the random- effects meta- analysis model 
for calculating the crude summary effect. The meta- analysis 
will accompany a predictive interval estimation to gauge the 
intervention effects on the outcomes in future studies.

Due to the dichotomous nature of the outcomes, we antic-
ipate a lack of uniformity in the reported measures of asso-
ciation in the literature. In some studies, the crude effect 
estimate might be quantified in the form of the OR, while 
in other studies, it might be quantified in the form of RR or 
HR. To obtain a unified and consistent crude summary effect 
estimate, OR will be converted into RR, as long as enough 
information on the baseline risk is provided in the primary 
study. Conversion of OR into an RR will follow a standard 
procedure using the following mathematical formula25 26:

 RR = OR/(1 − p0 + (p0 × OR))  

Where p0 is the baseline risk.
We are unaware of any mathematical equation that converts 

HR into RR, hence crude HRs will be pooled separately. As 
for the adjusted estimates of association, meta- analysis will be 



4 Dababneh EH, et al. BMJ Open 2021;11:e047134. doi:10.1136/bmjopen-2020-047134

Open access 

performed separately according to the type of the adjusted 
estimate. This means that the adjusted ORs, adjusted RRs 
and adjusted HRs will be pooled separately. To avoid bias and 
provide precise effect estimates, we will not combine crude 
with adjusted estimates. Furthermore, the meta- analysis will 
be performed separately for direct comparisons and indirect 
comparisons. More specifically, comparable effect estimates 
(eg, OR) obtained from direct studies will be pooled with 
those obtained from indirect studies according to diabetes 
status. The success of this plan will, however, be contingent 
on the quality and the type of effect estimates reported in the 
primary studies.

Forest plots will be used to depict the meta- analytic compar-
isons graphically. The statistical significance of meta- analysis 
findings will be determined at p<0.05% and 95% CI. Using 
the Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach (by GRADE Working 
Group (2004)),27 the evidence quality of the outcomes 
varying statistically significantly between the juxtaposed inter-
ventions will be determined.

Statistical heterogeneity and subgroup analysis
Statistical heterogeneity across studies will be assessed using 
the I2 statistics and the p value of χ2 statistics. The I2 statistics 
of 25%, 50% and 75% will be categorised as low, moderate 
and high heterogeneity, respectively.28 A p value of <0.1 will 
be considered as a statistically significant heterogeneity.23 A 
subgroup analysis will follow if a meta- analysis of 10 or more 
studies depicts substantial statistical heterogeneity.23 The 
between- subgroup heterogeneity will be determined by a 
fixed- effects model meta- analysis.

We will subgroup by comorbidities, gender, age, CR charac-
teristics and country income groups. A previously published 
meta- analysis showed that the referral to CR programmes 
was higher in men (45%) compared with women (38.5%)29; 
therefore, to understand how the effect estimates might vary 
between males and females, a gender- wise categorisation will 
be done. Research further suggests that poor CR programme 
participation can be influenced by rurality and poverty; there-
fore, using the World Bank income groups, we will subgroup 
the studies as low- income, lower- middle- income, upper- 
middle- income and high- income nations.30 Next, a home- 
based CR programme is expected to improve participation 
and outcome, especially in patients who live distant from the 
specialised CR services.3 A Cochrane review found that home- 
based CR services might help to ensure better adherence, 
participation and outcomes than CR provided in specialised 
centres.31 Therefore, we will dichotomise studies according 
to whether CR was home- based or was provided in specialised 
centres, and see how the effect size varies accordingly. Also, 
we will investigate the effect of CR based on the source of 
information, whether the source was based on information 
received through over- phone consultations or from social 
media channels. These services are new areas of interest and 
telephone- based counselling has been suggested to be bene-
ficial in reducing hospitalisation, improvement in smoking 
cessation rates, blood pressure control, and depression and 
anxiety scores.3 32

Publication bias and sensitivity analysis
We will assess for small study effect visually using funnel 
plots and contour enhanced funnel plots, and statistically 
by Egger’s test when at least 10 studies will be available for 
meta- analysis.23

We will proceed with the following types of sensitivity anal-
yses to examine how the effect estimates differ in various 
hypothetical situations. First, we will repeat our meta- analysis 
using a fixed- effects model approach. Then, we will deter-
mine the difference in OR and RR estimates. Addition-
ally, for the statistically significant risk differences, we will 
calculate the number needed to treat. Moreover, when our 
preliminary analysis incorporates adjusted estimates in the 
meta- analysis, whenever available, the sensitivity analysis will 
repeat the analysis using the unadjusted estimates. Addition-
ally, stratum- wise meta- analysis will be done based on the 
following CR service- related features—duration, location 
(eg, home vs institution), financial support (eg, if CR service 
covered by insurance or not) and type of the cardiac event for 
which CR was prescribed.

Handling missing data
For statistically significant meta- analytic estimates that are 
based on raw data from at least 10 studies, the imputa-
tion case analysis will ensue to determine the impact of 
missing data. We will use complete case analysis as our 
reference and compare its results with that of the subse-
quent analyses worst- case scenario, best- case scenario, 
and Gamble and Hollis analysis.33

All analyses will be done using R and Stata statistical 
software V.16 (StataCorp, College Station, Texas, USA). 
When the quantitative analysis is not possible, findings 
will be reported narratively.

Patient and public involvement
No patient involved.

Ethics and dissemination
This is a protocol for a systematic review and meta- 
analysis; hence, ethical approval is not needed. Findings 
of the systematic review and meta- analysis to be carried 
out following this protocol will be published in peer- 
reviewed international journals and will be disseminated 
in local and international scientific meetings.
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