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ARTICLE INFO ABSTRACT

Handling Editor: D Levy Background: Education to improve medication adherence is one of the core components of cardiac rehabilitation
(CR) programs. However, the evidence on the effectiveness of CR programs on medication adherence is con-

Keywords: flicting. Therefore, we aimed to summarize the effectiveness of CR programs versus standard care on medication

Cardiac rehabilitation adherence in patients with cardiovascular disease.

Clinical outcomes
Effectiveness
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Standard care
Systematic review

Methods: A systematic review and meta-analysis was conducted. Seven databases and clinical trial registries were
searched for published and unpublished articles from database inception to 09 Feb 2022. Only randomised
controlled trials and quasi-experimental studies were included. Two independent reviewers conducted the
screening, extraction, and appraisal. The JBI methodology for effectiveness reviews and PRISMA 2020 guidelines
were followed. A statistical meta-analysis of included studies was pooled using RevMan version 5.4.1.

Results: In total 33 studies were included with 16,677 participants. CR programs increased medication adherence
by 14 % (RR = 1.14; 95 % CI: 1.07 to 1.22; p = 0.0002) with low degree of evidence certainty. CR also lowered
the risk of dying by 17 % (RR = 0.83; 95 % CIL: 0.69 to 1.00; p = 0.05); primary care and emergency department
visit by mean difference of 0.19 (SMD = —0.19; 95 % CI: —0.30 to —0.08; p = 0.0008); and improved quality of
life by 0.93 (SMD = 0.93; 95 % CI: 0.38 to 1.49; p = 0.0010). But no significant difference was observed in lipid
profiles, except with total cholesterol (SMD = —0.26; 95 % CI: —0.44 to —0.07; p = 0.006) and blood pressure
levels.

Conclusions: CR improves medication adherence with a low degree of evidence certainty and non-significant
changes in lipid and blood pressure levels. This result requires further investigation.
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of death world-
wide, taking the lives of around 17.9 million people every year [1].
Heart attack and stroke are the most common causes of death, contrib-
uting to more than four out of five CVD deaths. According to the World
Health Organisation (WHO), one-third of these deaths occur prema-
turely in people under 70 years of age and are preventable [1]. To reduce
the burden of CVD, secondary cardiovascular prevention mechanisms
including healthy eating, physical activity, smoking cessation, reduction
of alcohol consumption, maintaining healthy body weight and pre-
scription and taking of appropriate pharmacotherapeutic treatment are
essential. Secondary cardiovascular prevention programs are any stra-
tegies implemented to prevent or reduce the recurrence of further car-
diovascular events [2] and these strategies have been proven to reduce
the risk of cardiac event recurrence and improve clinical outcomes of
patients [3]. Cardiac rehabilitation (CR) programs are one of the sec-
ondary cardiovascular prevention mechanisms.

CR is a structured secondary CVD prevention strategy defined by
WHO as “the coordinated sum of activities required to influence
favourably the underlying cause of cardiovascular disease, as well as to
provide the best possible physical, mental, and social conditions, so that
the patients may, by their own efforts, preserve or resume optimal
functioning in their community and through improved health behav-
iour, slow or reverse progression of disease” [4]. One of the core com-
ponents of a CR program is medication education which allows patients
to understand their conditions, prescribed medication and promote
adherence for improved outcomes. Adherence to therapy is defined by
WHO as “the extent to which a person’s behavior — taking medication,
following a diet, and/or executing lifestyle changes, corresponds with
agreed recommendations from a health care provider” [5]. Taking the
prescribed medication at the right dose, frequency, duration and time is
challenging especially for patients prescribed with multiple medications
for multiple comorbidities.

Patients with CVD are mostly prescribed five or more long-term
medications, also referred to as polypharmacy [6]. Poor medication
adherence reduces quality of life of patients, increases disease preva-
lence, complications and health costs [7]. Implementing strategies that
improve medication adherence such as CR is more impactful on the
population’s health than any medical technology advances and specific
medical treatments [5]. However, the small studies conducted to assess
the effectiveness of CR on medication adherence are not well established
[8]. Considering medication adherence is one of the cornerstones for
better health outcomes and CR programs are implemented to achieve
this, it is critical to summarize the existing evidence, to affirm or not, the
strategy for implementation of clinically effective strategies into prac-
tice. Therefore, we systematically summarised the available evidence on
the effectiveness of CR programs versus standard care on medication
adherence in patients with CVD and provide and recommend clinically
transferable evidence for clinical practice.

A preliminary search of PROSPERO, MEDLINE, the Cochrane Data-
base of Systematic Reviews, and JBI Evidence Synthesis was conducted,
and no current or in-progress systematic reviews on the topic were
identified.

2. Methods

This systematic review and meta-analysis was conducted according
to JBI methodology for systematic reviews of effectiveness [9] and
registered in PROSPERO [CRD42021284705]. Further details on,
search, selection, extraction, appraisal, risk of bias assessments and ef-
fect measures were described in the published protocol [10].

2.1. Inclusion criteria

This study included adults >18 years of age with CVD and eligible to
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attend CR programs. Randomised control trials and quasi-experimental
studies that measured the effectiveness of CR programs, regardless of
types of core components, duration, or frequency, on medication
adherence compared to medication adherence in standard care were
included.

The primary outcome of this review was medication adherence.
Studies that measured medication adherence as their primary or sec-
ondary outcomes using validated tools were considered. Studies that
categorised adherence as high/moderate/low adherence were analysed
in our study by considering moderate and low as low adherence. Data
from studies that assessed mortality, hospital admission, primary care
and emergency department visits, blood pressure, lipid profiles, and
quality of life were also extracted as the secondary outcomes of this
review if reported.

2.2. Search strategy and selection

Published and unpublished randomised controlled trials and quasi-
experimental studies were searched on MEDLINE (via Ovid), Emcare
(via Ovid), Embase (via Ovid), Cochrane CENTRAL, Scopus (via Elsev-
ier), CINAHL (via EBSCO); and ClinicalTrials.gov and ProQuest Disser-
tations and Theses Global, TROVE, Networked Digital Library of Theses
and Dissertations (NDLTD), World Health Organization International
Clinical Trial Registry Platform, National Institute for Health and Care
Excellence and Google scholar with no language restriction. Due to
translation resource limitations, only studies published in English and
Spanish were included. Studies published from database inception to the
9™ of Feb 2022 were included. Following search date, we have set an
alert system on the databases searched, and up to this date, no major
study on the topic has been published since then.

Following database searches, all citations were collated and uploa-
ded into EndNote version 20.0 (Clarivate Analytics, PA, USA) and du-
plicates were removed. The full citations were then imported into the
JBI System for the Unified Management, Assessment, and Review of
Information (JBI SUMARI; JBI, Adelaide, Australia) [11] for the title and
abstract and full-text screening. At all stages, screening was performed
by two independent reviewers (LG, SC, KN, VP, JR, HD, NB, SS, OS, and
MAP) and disagreement was resolved by involving a third reviewer
(RC). Results of the search, study selection and inclusion process were
reported and presented in a Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA-2020) flow diagram [12].

2.3. Assessment of methodological quality, data extraction and synthesis

Critical appraisal of eligible studies was performed by two inde-
pendent reviewers (LG, SC, KN, VP, JR, HD, NB, SS, OS, and MAP) using
standardized critical appraisal instruments from JBI for randomised
control trials and quasi-experimental studies [9]. Any disagreement was
resolved through discussion. When required, authors of papers were
contacted for missing or additional information.

Two independent reviewers (LG, SC, KN, VP, JR, HD, NB, SS, OS, and
MAP) extracted data from all the included studies using the standardized
JBI data extraction tool [11]. Disagreements that arose were resolved
through discussion.

A statistical meta-analysis of included studies was pooled using
RevMan version 5.4.1 (Copenhagen: The Nordic Cochrane Centre,
Cochrane) when possible. In our meta-analysis, the random effect model
was used throughout. The effect size was presented in risk ratio (RR) (for
dichotomous) or weighted/standardised mean difference (for contin-
uous) and a 95 % confidence interval was calculated. Subgroup sensi-
tivity analysis for medication adherence tools, modes of CR delivery
(face to face, remote, face to face combined with remote delivery),
health professional who delivered CR (pharmacist-led versus other
health professionals), settings of service delivery (health facility based,
home/community based, remote delivery) and follow up durations (<3
months, 3 to 6-months and >12-months) was conducted. Patient
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characteristics were analysed using IBM SPSS statistics version 27
(Chicago, USA). The heterogeneity of studies was presented as standard
2 and I tests. Publication bias was assessed using a funnel plot. Further
investigation on publication bias was performed using random-effects
model regression-based Harbord test for small study effect. When
pooling of statistical meta-analysis was not possible after contacting the
authors for missing data, results were presented in a narrative form in
tables or figures. The longest duration of follow-up was used for the
analysis in studies with more than one follow-up time.

2.4. Assessing certainty in the findings

Certainty of findings was presented using the Grading of Recom-
mendations, Assessment, Development and Evaluation (GRADE)
approach [13] and a Summary of Findings was created using GRADEpro
GDT (McMaster University, ON, Canada).

3. Results
3.1. Study and participant characteristics

From 143 studies, 33 studies were included and analysed as detailed
in the PRISMA chart (Fig. 1). The total number of participants were
16,677 ranging from 33 to 3595 per study with a mean (standard de-
viation, SD) of 505.4 (824.6) participants. The mean (SD) number of
participants in the standard care and CR group were 235.1 (376.2)
(range 16-1989), and 243.7 (396.0) (range 17-1970), respectively. The
mean (SD) age of the standard care group did not significantly differ
from the CR program group (64.5 (8.5) vs 64.1 (8.6) years; p = 0.851).
Male participants were the dominant participants in both groups
constituting 72.8 % and 73.4 % in the standard care, and the CR group,
respectively. Most of the studies (27/33, 82 %) were published in the
past ten years (2012-2022), and 7 of the 33 studies were conducted in
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the United States of America followed by China with 5 studies. All the
included studies were randomized controlled trials, except one quasi-
experimental. The duration of the interventions ranged from 7 to 1095
days with a mean (SD) duration of 220.8 (205.9) days. Heart failure (6
studies) and myocardial infarction (5 studies) were the common di-
agnoses in the included studies (Supplementary Table 1). As per the JBI
appraisal tool for randomised control trials and quasi-experimental
studies, the quality of the included studies was medium to high
ranging 61.5 %-100 % (Supplementary Table 2).

3.2. Outcomes

3.2.1. Medication adherence

Medication adherence was measured using different tools in the
included studies. Of the 33 studies, 16 used validated self-reported tools
to assess adherence (Supplementary Table 1). Of the 22 studies [14-35]
that reported medication adherence as high/good and low/poor or
high/moderate/low adherence, using the random effect model, an
overall increase in effect size of 14 % was observed in the CR group
compared to standard care (RR = 1.14; 95 % CI: 1.07 to 1.22; p =
0.0002). These studies had very high heterogeneity (I2 estimate of 81 %,
Fig. 2) which makes the pooled estimate less reliable. Investigation for
publication bias using a funnel plot (Fig. 3), showed significant small
study effect (p = 0.03). However, when the outlier study [17] with the
same result in both groups was removed, no significant small study ef-
fect was observed (p = 0.16). The certainty of evidence for medication
adherence was graded as low (Supplementary Table 3).

Sensitivity analysis for medication adherence was investigated. CR
follow up durations of 12-months and longer showed an overall effect
size increase of medication adherence by 34 % (RR=1.34;95% CL: 1.14
to 1.57; p = 0.0003; I? = 75 %) followed by face to face combined with
remote delivery by 22 % (RR = 1.22; 95 % CI: 1.09 to 1.36; p = 0.0006;
12 = 59 %), pharmacist-led CR programs by 19 % (RR = 1.19; 95 % CI:
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Cardiac rehabilitation Standard care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV,Random,95%Cl Year IV,Random, 95% ClI
1. Medication adherence
Rich et al 1996 68 80 53 76 1.0% 1.22[1.02, 1.45] 1996 —
Austin et al 2003 59 66 69 79 14% 1.02 [0.91, 1.15) 2003 T
Murray et al 2007 88 122 128 192 12% 1.08 [0.91, 1.23] 2007 T
Falces et al 2008 25 53 14 50 0.2% 1.68 [0.99, 2.86] 2008 *‘7
Smith et al 2008 73 453 82 435 0.6% 0.85 [0.64, 1.14] 2008
Cossette et al 2012 78 91 68 82 1.3% 1.03 [0.91, 1.18] 2012 T
Ho et al 2014 109 122 88 119 1.3% 1.21[1.07, 1.37] 2014 ———
Duetal 2016 272 479 190 485 1.3% 1.45[1.27, 1.66] 2016 S
Pandey et al 2017 17 17 8 16  0.3% 1.94 [1.20, 3.15) 2017 —
Nguyen et al 2018 46 51 47 61 1.1% 1.17 [0.99, 1.38) 2018 [
Wu et al 2019 20 23 15 20 06% 1.16 [0.86, 1.56] 2019 T
Casper et al 2019 10 20 3 20 0.1% 3.33[1.08, 10.34] 2019
Yu et al 2020 58 493 58 494  05% 1.00 [0.71, 1.41] 2020 I
Gallagher et al 2020 13 33 13 33 02% 1.00 [0.55, 1.82] 2020
Ivers et al 2020 170 878 207 876 1.0% 0.82[0.68, 0.98] 2020 —
Prabhakaran et al 2020 1199 1857 1210 1881 1.7% 1.00 [0.96, 1.05] 2020 T
Li et al 2021 62 85 51 65 1.2% 1.22[1.06, 1.40] 2021 —
Maddison et al 2021 56 153 70 1563 0.7% 0.80 [0.61, 1.05] 2021 =
Bae et al 2021 376 377 324 350 1.8% 1.08 [1.05, 1.11] 2021 -
Calvo et al 2021 28 85 14 65 0.2% 2.00 [1.16, 3.44] 2021 T
Tzikas et al 2021 386 500 280 509 1.5% 1.40 [1.28, 1.54] 2021 -
Indraratna et al 2022 57 76 37 74 0.7% 1.50 [1.15, 1.95] 2022 D
Total (95% Cl) 6074 6135 19.7% 1.14 [1.07, 1.22] *
Total events 3268 3029
Heterogeneity: Tau? = 0.01; Chi* = 107.74, df = 21 (P <0.00001); I = 81% ) ; ) )
Test for overall effect: Z = 3.79 (P = 0.0002) 05 07 1 15 2

Standard care Cardiac rehabilitation

Fig. 2. Forest plot of studies reported high medication adherence in the cardiac rehabilitation program and the standard care [14-35].
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Fig. 3. Funnel plot for medication adherence with subgroup sensitivity analysis factors.

1.04 to 1.35; p = 0.009; 1? = 43 %) and health facility-based delivery of
CR programs by 18 % (RR = 1.18; 95 % CI: 1.08 to 1.29; p = 0.0003; 12
= 80 %) (Supplementary Fig 1).

The remaining 11 studies [36-45] which reported medication
adherence as mean and SD were not included in the meta-analysis due to
variations in the data reported, adherence tools used and how results
were interpreted. Ten studies [36-44] reported mean medication
adherence with an overall improvement observed in the CR group
compared to standard care (Supplementary Table 4). While one study
presented only % of adherence by medication class [45].

3.2.2. Mortadlity

Twelve studies reported mortality data [16,19,20,22-24,28,30,32,
33,35,38]. Although statistically not significant-borderline, CR program
participants had 17 % less relative risk of dying compared to standard
care (RR = 0.83; 95 % CI: 0.69 to 1.00; p = 0.05) with an 12 estimate of
20 % (Fig. 4). The certainty of evidence for mortality was graded as high
(Supplementary Table 3).

3.2.3. Primary care and emergency department visits
Four studies reported emergency department or primary care visits

[14,16,19,27] where two of these studies [14,16] missed required data
and were not included in the forest plot (Supplementary Table 1). Par-
ticipants enrolled in the CR program were less likely to visit their pri-
mary care or emergency department (Standardised Mean difference
(SMD) = -0.19; 95 % CI: —0.30 to —0.08; p = 0.0008) than those who
attended standard care with an I? estimate of 0 % (Supplementary Fig 2).
The certainty of evidence for primary care and emergency department
visit was graded as high (Supplementary Table 3).

3.2.4. Hospital admissions

Nine studies [14,16,20,23,27,28,30,35,38] reported data on number
or rate of hospital admissions. Pooled estimates could not be presented
due to the variability in the data reported, missing data and associated
differences in interpretations. As summarised in Supplementary Table-5,
an overall reduction in hospital admissions were observed in the CR
program participants compared with the standard care gvel (Supple-
mentary Table-3). Wroup.

3.2.5. Quality of life
Nine  studies [14,20,21,25,30,37,38,43,44] reported  on
quality-of-life data and six studies [14,20,25,38,43,44] were pooled in
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Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI Year IV, Random, 95% CI

Falces et al 2008 5 53 13 50 3.4% 0.36 [0.14, 0.94] 2008 e

Smith et al 2008 27 453 25 435  9.5% 1.04 [0.61, 1.76] 2008 I

Ho etal 2014 1 122 9 119 4.2% 1.19[0.51, 2.77] 2014 B

Du et al 2016 25 479 49 485 11.6% 0.52 [0.32, 0.82] 2016 -

Nguyen et al 2018 0 58 1 68  0.3% 0.39[0.02, 9.39] 2018

Yu et al 2020 3 496 2 496 1.0% 1.50 [0.25, 8.94] 2020 I

Ivers et al 2020 35 878 52 876 13.6% 0.67 [0.44, 1.02] 2020 ]

Prabhakaran et al 2020 v 1970 77 1989  20.1% 1.01[0.74, 1.38] 2020 -

Tzikas et al 2021 137 500 150 509 31.0% 0.93 [0.76, 1.13] 2021 -

Elpida et al 2021 1 61 1 61 0.4% 1.00 [0.06, 15.63] 2021

Calvo et al 2021 8 54 10 65 4.1% 0.96 [0.41, 2.27] 2021 I

Indraratna et al 2022 1 81 4 83  0.7% 0.26 [0.03, 2.24] 2022 S

Total (95% CI) 5205 5236 100.0% 0.83 [0.69, 1.00] ’

Total events 330 393 ) . ) |
ity 2= - Chiz = = = - 12 = 209 [} . t i

Heterogeneity: Tau? = 0.02; Chi? = 13.67, df = 11 (P = 0.25); 1> = 20% 0.01 01 b 10 100

Test for overall effect: Z=1.99 (P = 0.05)

Standard care Cardiac rehabilitation

Fig. 4. Forest plot of mortality in the cardiac rehabilitation program and standard care group [16,19,20,22-24,28,30,32,33,35,38].

the statistical analysis. Participants enrolled in the CR program had a
better quality of life than those who attended standard care, excluding
an outlier study [38], (SMD = 0.93, 95 % CI: 0.38 to 1.49; p = 0.0010)
with an I? estimate of 91 %, very high heterogeneity indicating less
reliability on the pooled estimate (Supplementary Fig 3A) with certainty
of evidence graded as low level (Supplementary Table-3). When the
outlier study [38] was included in the forest plot, the change in quality
of life was non-significant (SMD = 0.57; 95 % CI: —0.23 to 1.37; p =
0.16) and the 1% estimate increased to 96 % (Supplementary Fig 3B). The
other three studies [21,30,37] were not included in the plot as the data
reported was not suitable for analysis (Supplementary Table 1). One
study [30] reported the visual analogue scale results for quality of life
where lower was interpreted as better quality of life and the other two
studies [21,37] reported quality of life as a summary of the physical and
mental component not the overall change in the quality of life. Better
quality of life scores was observed in the CR group in both components
compared to standard care.

3.2.6. Lipid profile levels

Seven studies [15,17,19,22,36,37,43] presented data on low-density
lipoprotein cholesterol (LDL-C) but two studies [15,17] were excluded
from the meta-analysis due to the absence of required data (Supple-
mentary Table 1). Three studies reported on the levels of high-density
lipoprotein cholesterol (HDL-C) [19,36,37], and total cholesterol (TC)
[17,36,37]. There was no significant difference in the level of LDL-C
(SMD = —0.05; 95 % CI: —0.35 to 0.25; p = 0.74; I =88 %) (Supple-
mentary Fig 4A) and HDL-C (SMD = 0.44; 95 % CI: —0.12 to 0.99; p =
0.12; I? = 94 %) (Supplementary Fig 4B), except for TC where a mean
reduction of 0.26 (SMD = —0.26; 95 % CI: —0.44 to —0.07; p = 0.006; 2
= 0 %) was observed in the CR compared with the standard care group
(Supplementary Fig 4C). The certainty of this evidence was graded as
high (Supplementary Table-3). Only one study [37] reported on tri-
glyceride levels and the CR program resulted in an approximate mean
reduction of 16 mg/dL (149.33 vs 165.27) compared with the standard
care.

3.2.7. Blood pressure levels

Eight studies [15,17,19,21,22,35,36,43] reported on systolic blood
pressure (SBP), but one study [15] with missing data was excluded. Five
studies [17,21,22,35,36] presented data on diastolic blood pressure
(DBP) with one study lacking data and excluded from the analysis [17].
No significant difference was observed in both systolic (SMD = —0.02;
95%CI: —0.19t00.14; p=0.77; =66 %) (Supplementary Fig 5A) and
diastolic blood pressure (SMD = 0.01; 95 % CI: —0.09 to 0.12; p = 0.79;
12 = 0 %) (Supplementary Fig 5B) in the CR programs compared with the
standard care group.

4. Discussion

Our systematic review assessed the effectiveness of CR programs
versus standard care on medication adherence in patients with cardio-
vascular disease. Although CR programs are based on the best available
evidence and recommended by clinical practice guidelines, the effec-
tiveness of these programs on medication adherence, one of the core
components of CR, has not been well established. Our systematic review
and meta-analysis is the first one to show that CR programs are effective
in:

improving medication adherence by an overall effect size of 14 %
with high study heterogeneity

reducing the risk of mortality by 17 %

reducing visits to primary care and emergency departments by a
mean difference of 0.19

improving quality of life of patients by a mean difference of 0.93
reducing total cholesterol by a mean difference of 0.26.

but no statistically significant difference was observed in LDL-C,
HDL-C, SBP and DBP levels

These findings were supported by another study where multi-
disciplinary teams delivered bundled interventions [46], such as CR
programs as in our case, improved medication adherence. A systematic
review and meta-analysis by Torres-Robles et al. reported education plus
technical support were more effective (OR = 0.44; 95 % credibility in-
terval: 0.26 to 0.73) compared with standard care in improving medi-
cation adherence in patients with cardiovascular and metabolic
diseases. They were also ranked as the best intervention (79.6 %) as per
the probability ranking analysis [47].

High heterogeneity (12 of 81 %) was observed in the studies that
measured medication adherence within CR programs. Some potential
reasons include the difference in tools used to measure medication
adherence. Most of the tools used in the included studies were self-
reported assessment tools. These tools differed in the numbers and
content of questions to assess medication adherence. Other tools were
used to provide data on pharmacy refill data, pill count method, elec-
tronic monitoring device mainly medication event monitoring system,
medication possession ratio, the proportion of days covered, and serum
concentration assay of medications. We have conducted a sensitivity
analysis of the different tools used by the included studies in our review.
Heterogeneity remains high with the studies (n = 11) that used self-
reported tools (I2 = 78 %), pharmacy data (I = 78 %), and propor-
tion of days covered (I2 = 89 %), but low for studies (n = 2) that used
medication event monitoring systems (I2 =0 %) (Supplementary Fig 1).
This high heterogeneity might be related to the difference in the
numbers and components of the questions in the tools, variability of the
pharmacy data, and proportion of days covered and how they were
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measured. Heterogeneity could be further explained by the variability of
the interpretation of the scores of the same tool, reporting and inter-
pretation of the data [17,18,21,25]. The cut-points for high adherence
were also variable with the majority of the studies stating greater than or
equal to 80 % as high adherence while others used greater than or equal
to 95 % [20] or 85 % [14] and reporting of direct interpretation of total
scores of the tools used [23,25,30,31,35]. The influencing factors
mentioned here are supported by a large-sized systematic review and
meta-analysis that detailed the effect size of the risk of bias; in partic-
ular, the various adherence tools used where the effect size for adher-
ence measures was described for pharmacy refill as 0.261, pill count as
0.361, and self-reported as 0.261 [48]. Although the same study
described the effect size of the risk of bias for medication event moni-
toring system measure was 0.349 [48], our review and meta-analysis
showed no heterogeneity.

Other factors that could contribute to the variability in medication
adherence and heterogeneity were the difference in modes of delivery
(face to face, remote, and combination of face to face with remote),
settings (facility-based, home/community-based, or remote), duration
of the program (<3-months, 3 to 6-months and >12-months), and the
personnel who provided the intervention (Supplementary Table-1 and
supplementary Fig 1). Our systematic review has shown that CR pro-
grams with longer follow up durations (>12-months and longer) deliv-
ered face to face combined with remote modes of delivery provided in
health facility settings led by a pharmacist showed an overall effect size
increase of medication adherence ranging from 18 % to 34 %. Our
findings were supported by a study which showed that face to face mode
of interventions (effect size of 0.331) delivered by a pharmacist (effect
size 0.337) that targeted individual patients/family focus (effect size of
0.302) provided in health care clinic (effect size of 0.323) were more
effective than delivering through other modes of delivery, or by other
health professionals which targeted health care providers/health sys-
tems or in a home setting, respectively [48]. Our meta-analysis showed
that heterogeneity was high for face to face (1> =87 %), remote =78
%), and face to face combined with remote delivery (I2 = 59 %). Simi-
larly, heterogeneity was high for health facility-based delivery (I* = 80
%) and health facility combined with home/community-based delivery
(12 = 65 %). Sensitivity analysis for follow up duration showed similarly
high heterogeneity where follow up duration of 12-months or longer
showed an I? estimate of 75 %, 3 to 6-months an I estimate of 60 %, and
12 estimate of 56 % for follow up duration of 3-months or shorter
(Supplementary Fig 1). The high heterogeneity resulted in the low de-
gree of certainty of evidence in the GRADE report summary of finding
for medication adherence and quality of life as the factors contributing
to variation were similar (Supplementary Table 3). Considering the high
level of heterogeneity among the included studies for medication
adherence and quality of life, the results should be interpreted with
caution as the certainty of evidence level was graded low. However, the
effect of CR on reduction of mortality, primary and emergency depart-
ment visits and total cholesterol level were significant with high degree
of evidence certainty.

5. Strengths and limitations of the study

The strength of our study was searching for published and unpub-
lished literature on the topic of interest specifically randomised
controlled trials and quasi-experimental studies. The main limitation of
our study was the high heterogeneity of the data reported by the studies
as they have used different tools of medication adherence measures and
cut-off points of high/good adherence, the scoring and interpretation of
the data. Also, the variability of CR program interventions, contents,
follow up duration and personnel delivering CR programs have
contributed to the heterogeneity. Although our search was not limited
by language, only papers published in English and Spanish were
screened and analysed due to financial constraints for translation
services.
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6. Conclusion and recommendations

Cardiac rehabilitation programs significantly improve medication
adherence compared with standard care in patients with CVD. CR pro-
grams also reduce the risk of mortality, hospital admissions, visits to
primary care and emergency departments and improve patients’ quality
of life. Usage and availability of the same validated medication adher-
ence tool throughout CR programs is strongly recommended to effec-
tively measure effectiveness of the program. Assessing the prescriptions
of evidence-based pharmacotherapy in patients with cardiovascular
disease within CR programs might provide more insight into why
changes in LDL-C, HDL-C and blood pressure levels were not significant
with improved medication adherence.
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