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Background: Cardiac rehabilitation (CR) is a cornerstone of secondary prevention of ischemic heart disease. It
is critically important in low- and middle-income countries (LMIC), where the burden of ischemic heart
disease is substantial and growing. However, the availability and utilization of CR in LMIC is not systematically
known.

Objectives: This study sought to characterize the availability, use, and barriers to the use of CR.

Methods: Electronic databases (Cochrane Library, EMBASE, PubMed, Web of Science) were searched from
January 1, 1980 to May 31, 2013 for articles on CR in LMIC. Citations on availability, use, and/or barriers
to CR were screened for inclusion by title, abstract, and full text. Data were summarized by region or
country to determine the characteristics of CR in LMIC and gaps in the peer-reviewed biomedical publications.

Results: Our search yielded a total of 5,805 citations, of which 34 satisfied full inclusion and exclusion criteria.
The total number of CR programs available ranged from 1 in Algeria and Paraguay to 51 in Serbia. Referral
rates for CR ranged from 5.0% in Mexico to 90.3% in Lithuania. Attendance rates ranged from 31.7% in
Bulgaria to 95.6% in Lithuania, and CR attendance was correlated with higher educational background.
The most commonly cited barrier to CR in LMIC was lack of physician referral.

Conclusions: Our results illustrate that the published reports reflects heterogeneity of CR availability and use
in LMIC. Overall, CR is insufficiently available and underutilized. Further characterization of CR in LMIC,
especially in Asia and Africa, is necessary to develop targeted strategies to improve availability and
utilization. Patient, physician, and systems factors must be addressed to overcome barriers to participation
in CR in LMIC.
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Cardiovascular disease (CVD) is the leading cause of
death worldwide, and >80% of CVD deaths occur in low-
and middle income countries (LMIC) [1,2]. In 2010, 62.5
million new cases of CVD were reported, of which 24.2
million were attributed to ischemic heart disease [3]. Age-
standardized ischemic heart disease mortality is substan-
tially higher in LMIC [1]. In addition to the global health
burden, CVD will exert a significant economic burden, on
the order of approximately $15 trillion over the next 20
years [3].

Given the burden of CVD globally, and in particular in
LMIC, secondary prevention strategies are vitally important
to stemming this growing epidemic. Over the last several
decades, cardiac rehabilitation (CR) has become estab-
lished as a cornerstone for a comprehensive secondary
prevention strategy [4]. CR is a multidisciplinary program
of supervised exercise, education, and behavior modifica-
tion designed to return the patient to optimal physical,
emotional, psychosocial, and vocational function. CR for
patients experiencing myocardial infarction (MI), acute
coronary syndrome, coronary artery bypass graft (CABG),
percutaneous coronary intervention (PCI), chronic stable
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angina, or heart failure is a Class I recommendation from
the European Society of Cardiology, American Heart As-
sociation, and American College of Cardiology [5,6].

In high-income countries, CR has been shown to
reduce mortality by 25%, reduce MI by 17%, decrease
recurrent hospitalizations, as well as reduce health care
expenditures [5,7,8]. In a recent Cochrane meta-analysis of
exercise-based CR, it was shown to reduce pooled car-
diovascular mortality from 10.4% to 7.6%, and to reduce
hospital admission from 30.7% to 26.1% [9]. CR is asso-
ciated with improved outcomes in LMIC as well [10].
Despite strong recommendations for CR, CR services are
underutilized even in high-income countries [11,12]. In
LMIC, the availability and use of CR programs is not sys-
tematically known. The purpose of this study, therefore, is
to perform a systematic review of peer-reviewed publica-
tions on CR in LMIC in order to characterize the avail-
ability, use, and barriers to use of CR.

METHODS
This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
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FIGURE 1. Flow diagram indicating the number of articles at each stage of the
systematic review.
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Meta-Analyses. It is registered (#CRD42014010449) on
PROSPERO, an international prospective register of sys-
tematic reviews.

Electronic databases (Cochrane Library, EMBASE,
PubMed, Web of Science) were searched for articles on CR
in LMIC published from January 1, 1980, to May 31, 2013,
correlating with the formalization of CR programs in the
1980s [4]. LMIC were identified as defined by the World
Bank in 2013 [13]. The detailed search strategy for
PubMed is given in Online Appendix 1, and similar search
strategies were used for the other databases. Articles were
screened in 3 sequential phases: 1) by title by 1 reviewer
(L.R.); 2) by abstract by 2 reviewers (L.R., R.V.), with
nonresolvable disagreements between the 2 reviewers
included for the next phase of screening; and 3) by full text
by 2 reviewers (L.R., R.V.). There were no disagreements
by the final phase of screening. Additional potential ref-
erences were identified by review of reference lists of the
included articles and were subject to the same screening
process. Foreign language articles that were included for
full text review were summarized in English by translators
(see Acknowledgments) and were also reviewed by 2 re-
viewers (L.R., R.V.).

The components of CR as outlined by the American
Heart Association include patient assessment, nutritional
counseling, weight management, blood pressure manage-
ment, lipid management, diabetes management, tobacco
cessation, psychosocial management, physical activity
counseling, and exercise training. Articles were included in
the review if they described �1 component of CR, in �1
category of patients for which CR is indicated [6], and if
they reported on �1 of the following: availability; use; or
barriers to CR in �1 LMIC. Articles of any study design,
systematic reviews, meta-analyses, nonsystematic reviews,
and editorials were all eligible for inclusion. Articles of any
language were included. Articles and abstracts that were
published or in press were included, and authors of 2
studies were contacted for more detailed data than had
been originally published (see Acknowledgments).

Qualitative and quantitative data were extracted and
organized by region or country. Due to heterogeneity of the
data, meta-analysis was not conducted. Descriptive statis-
tics related to availability, use, and barriers were calculated
when possible. When only qualitative information was
available, those data were summarized.
Availability of CR
Data on the number of centers of CR by country were
standardized by total population and number of deaths
due to CVD as of 2012 [14]. Ideally, standardization of the
number of CR programs by the number of patients indi-
cated for CR would provide the optimal measure of CR
density. However, those data are not available, so the
number of CVD deaths was used as a surrogate marker to
estimate patients who would be eligible for CR. Data were
extracted regarding the diagnoses accepted by CR centers,
the services offered, and the type of health care personnel
available, as per the core components of CR as outlined by
the American Association of Cardiovascular and Pulmo-
nary Rehabilitation [15].
Use of CR
The use of CR was defined in 2 ways: 1) referral rates to CR
programs by health care professionals; and 2) attendance
rates at CR programs by patients. All demographic data on
patients who attended CR programs were extracted when
available.
Barriers to CR
The barriers to CR were categorized broadly into physician,
patient, and systems factors. Qualitative and quantitative
information on perspectives from patients and health care
providers were extracted.
RESULTS
Our search yielded a total of 5,805 citations, of which 34
satisfied full inclusion and exclusion criteria. Figure 1
summarizes the number of articles involved at each stage
of the systematic review process. Online Appendix 2
summarizes the reasons for exclusion of articles at the
abstract and full-text levels of screening. At the full-text
screening level, the majority of articles were excluded
due to a lack of information on availability, use, or barriers
to CR. A total of 34 articles were included in this review,
with information on 31 LMIC—2 in Africa, 7 in Asia, 7 in
Europe, and 15 in Latin America/Caribbean, as
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summarized in Table 1, with references provided in Online
Appendix 3.

Availability of CR
The total number of CR centers in LMIC was reported from
1986 to 2013 and varied considerably across countries
(Figure 2, see Online Appendix 3 for exact results). The
lowest density of CR programs was reported in Algeria,
where only 1 CR program was functioning in 2008. The
highest absolute number of CR centers was 51 and was
reported in Serbia. The highest density of CR centers was
reported in Lithuania, with 348 CR centers per 100,000
annual CVD deaths, and the lowest density was found in
Algeria, with 1 CR center per 100,000 annual CVD deaths.
In addition to this quantitative information, qualitative
information on CR availability was reported in editorials,
review articles, and surveys of health professionals (refer-
ences [7e9] cited in Online Appendix 3). Overall, India
and China were reported to have low availability of dedi-
cated CR programs. In Indonesia, the first CR program
began in 1978, and subsequently expanded to many cities
(exact number not specified), with CR being provided by
both community-based organizations as well as the Na-
tional Heart Organization.

The indications accepted for CR, the CR services
offered, and the type of personnel available varied signifi-
cantly across countries (Figure 3, Online Appendix 4). The
most commonly accepted indications for CR were
following MI, PCI, or CABG. Exercise training and physical
activity counseling were offered in the vast majority of
programs. Overall, a broader array of services was offered
in Latin American and Caribbean countries than in Africa,
Asia, and Europe. The personnel involved in CR were
heterogeneous across countries; however, the majority of
programs involved a cardiologist.

Use of CR
Referral rates to CR were available for 6 European countries
and for Mexico from 2013 and 2009, respectively. There
was a high degree of variability in CR referral rates, from
5% in Mexico to 90% in Lithuania (Figure 4). Most
countries had a referral rate <40% (references [16,31]
cited in Online Appendix 3).

Those countries reporting CR attendance, defined by
the number of CR attendees as a fraction of number
referred to CR, are summarized in Figure 5 (full results for
CR attendance rates are given in Online Appendix 5).
Overall, CR attendance was reported in studies published
from 1984 to 2012; among patients referred for CR, CR
attendance rates ranged from 32% in Bulgaria to 96% in
Lithuania. Among patients eligible for CR, CR attendance
rates were 40% in Belarus, 90% in Lithuania, and 10% in
Romania. In Johannesburg, a 50% completion rate of CR
was observed at a single center between 1986 and 1990.
In Russia, the rate of CR attendance among patients
who were referred was 12% in 1984 and was subsequently
GLOBAL HEART, VOL. 12, NO. 4, 2017
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reported as 42% in 2011. In Iran, the rate of CR attendance
among all patients with PCI and CABG was 4%; however,
there was 87% attendance among patients who were
referred to CR. Additionally, the first and only Algerian
CR center as of 2008 reported a population of 158
patients enrolled per year (reference [1] cited in Online
Appendix 3).

Information regarding the characteristics of patients
referred for CR was available from Brazil, Iran, Pakistan,
and Romania and is summarized in Table 2. In all studies,
males made up >65% of patients who were referred for
CR. In Iran, Pakistan, and Romania, those who did not
attend CR were more likely to be male, whereas in Brazil,
those who did not attend CR were more likely to be female.
CR participants had higher levels of education; their
employment status was variable. In Iran and Romania, a
greater proportion of those who did not attend CR were
smokers, whereas in Pakistan, a greater proportion of CR
attendees were smokers. The indications for CR were
variable.

Barriers to CR
Barriers to CR were reported in surveys of CR programs,
and, in 1 article, by patients who had dropped out of CR
programs (Table 3). The most commonly reported barrier
to CR was the lack of physician referral to CR, cited by
45% to 93% of CR programs and health professionals.
Patient-related factors cited were affordability, particularly
due to lack of insurance coverage; transportation diffi-
culties, primarily driven by long distances to CR centers; an
unwillingness to attend CR; and competing priorities on
patients’ time. The most frequently reported systems factor
was a lack of personnel and resources.

DISCUSSION
In this systematic review, we found substantial geographic
variability in the availability, use, and barriers to CR in
LMIC. In general, the availability of CR was low relative to
the burden of CVD in LMIC. Referral rates for CR were also
variable and were <40% in a majority of countries. Atten-
dance rates varied across geography and were also subop-
timal. Among those referred for CR, higher attendance was
generally correlated with certain patient characteristics—
higher educational background and nonsmoking status. The
most commonly cited barrier to CR in LMIC was lack of
physician referral.

The overall goals for rehabilitative care among cardiac
patients in LMIC were laid out by the World Health Or-
ganization Expert Committee on Rehabilitation after CVD
in 1993. These included availability of CR to all patients
with CVD, awareness of health care providers and the
public for the need for CR, patient and provider education
on CR, and integration of CR into the health system, with
the type of program matched to the needs of the com-
munity [16]. Progress toward these goals has proven to be
suboptimal in LMIC, as evidenced by the findings of this
325



TABLE 1. Summary information of articles included in systematic review

Reference

(Cited in Online

Appendix 3) Region Country Year Availability Use Barriers Type of Article

[1] Africa Algeria 2008 x x Single institution; prospective survey of

patients

[2] Africa Johannesburg, South Africa 1991 q q Single institution; prospective survey of

patients

[3] Africa Johannesburg, South Africa 1992 x Single institution; prospective survey of

patients

[4] Asia China 1995 q q Survey of health professionals

[5] Asia China, Philippines, Thailand 2001 q x Review

[6] Asia China 2007 q Review

[7] Asia Xi’an, China 2009 q q Survey of health professionals

[8] Asia India 2007 q Review

[9] Asia Indonesia 2009 q q Review

[10] Asia Isfahan, Iran 2007 x Single institution; prospective survey of

patients

[11] Asia Tehran, Iran 2009 x Single institution; prospective survey of

patients

[12] Asia Iran 2011 x Survey of health professionals

[13] Asia Tehran, Iran 2011 q x x Single institution; cross-sectional

survey of patients

[14] Asia Karachi, Pakistan 2012 x Single-institution; cross-sectional study

of patients

[15] Asia Thailand 2001 x Review

[16] Europe Bulgaria, Latvia, Lithuania, Romania,

Russia, Turkey

2011 x x Multi-institution; cross-sectional study

of patients

[17] Europe Lithuania, Romania, Russia, Serbia 2010 x x Survey of CR centers

[18] Europe Moscow, Russia 1984 q x Single institution

[19] Europe Russia 1988 q q Review

[20] Europe Timisoara, Romania 2010 x Single institution; prospective survey of

patients

[21] Europe Romania 2011 x Multi-institution; retrospective study of

patients

[22] Europe Turkey 2000 q Review

[23] Europe Turkey 2011 x Multi-institution; cross-sectional study

of patients

[24] Latin America/

Caribbean

Argentina, Brazil, Chile, Colombia,

Costa Rica, Dominican Republic,

El Salvador, Guatemala,

Honduras, Mexico, Peru, Puerto

Rico,* Venezuela

2009 x x x Survey of CR centers

[25] Latin America/

Caribbean

Argentina, Brazil, Colombia, Chile,

Ecuador, Paraguay, Peru,

Uruguay, Venezuela

2013 x x x Survey of CR centers

[26] Latin America/

Caribbean

Brazil 2013 x Multi-institution; cross-sectional study

of patients

[27] Latin America/

Caribbean

Chile 2012 x x x Survey of CR centers

[28] Latin America/

Caribbean

Colombia 1999 x x q Survey of CR centers

[29] Latin America/

Caribbean

Colombia 2009 x x Survey of CR centers

[30] Latin America/

Caribbean

Colombia 2010 x x x Survey of CR centers

(continued)
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TABLE 1. Continued

Reference

(Cited in Online

Appendix 3) Region Country Year Availability Use Barriers Type of Article

[31] Latin America/

Caribbean

Mexico 2009 x x x Survey of CR centers

[32] Latin America/

Caribbean

Uruguay 2011 x x x Survey of CR centers

[33] Latin America/

Caribbean

Venezuela 2010 x q Single institution

[34] Latin America/

Caribbean

Brazil, Venezuela 1986 x x q Survey of CR centers

CR, cardiac rehabilitation; q, qualitative data only; x, quantitative data.

*Data from Puerto Rico could not be separated out.
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systematic review, including the low density of CR pro-
grams in the majority of LMIC, low referral rates, and low
rates of participation by patients in CR.

A recent review of the global availability of CR re-
ported CR availability in 68% of high-income countries,
28% of middle-income countries, and 8% of low-income
countries [17]. Based on 2003 estimates [18], in the
United States, there were 721 CR programs per 100,000
CVD deaths, which is significantly higher than the highest
estimate in LMIC from our study, found in Lithuania.
Overall, we found significant geographic variability in
the amount of published data describing the availability
of CR services in LMIC. The most comprehensive data
are available from Latin America/Caribbean and Europe,
whereas updated publications are lacking in Asia and
Africa.
>250
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FIGURE 2. Cardiac rehabilitation availability in low- andmidd
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Use of CR worldwide, even in high-income countries,
is suboptimal; both CR referral and participation in CR can
be improved. In the United States, referral to CR following
MI was established as a hospital performance measure in
2007; however, CR referral remains suboptimal [19,20].
Data from Medicare beneficiaries in the United States show
that only 13.9% of MI survivors and 31.0% of patients
following CABG participate in CR [21]. A 2012 Canadian
study of ischemic heart disease patients referred for CR
found a 49.3% completion rate of CR [22].

Our data from LMIC are generally consistent with
those figures from high-income countries. For example, in
Iran, the rate of CR attendance among all patients with
PCI and CABG was only 3.6%, despite nearly 86.5%
attendance among patients who were referred to CR, likely
reflecting inadequate referral to CR [23,24]. Most other
le-income countries (LMIC). CR, cardiac rehabilitation; CVD, cardiovascular disease.
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j gSCIENCE

328
LMIC in our study had low referral and attendance rates,
with notable exceptions such as Colombia, Latvia, and
Lithuania, which were characterized by high referral and
participation rates. Literature on completion rates of CR in
LMIC were lacking in the retrieved articles, and consis-
tency of CR attendance needs further evaluation in LMIC; a
recent review indicates that CR dropout rates have been
reported at over 80% in Iran [25].

Part of the heterogeneity in CR utilization may be
explained by health systems in each country. As with in
high-income countries, health care utilization is linked
closely to cost and payment structures. CR referral rates in
the United States are highest among patients with private
insurance carriers [19]. In Lithuania, where CR availability
and utilization were exceptionally high, health care is a
state-funded industry with referral to CR embedded into
care metrics [26]. In contrast, many parts of South Asia,
Southeast Asia, and Africa rely on out-of-pocket payment
systems. In addition to payment systems for CR, access
to cardiac interventions leading to CR referral are also
heterogeneous among LMIC, which would also lead to
variability in CR availability and use as a secondary
prevention strategy [2].

Efforts to improve on the suboptimal availability and
use of CR in LMIC require a careful analysis of the barriers
to implementation and utilization of this service, particu-
larly given the resource scarcity to make changes in health
care delivery. Barriers to CR in high-income countries
include lack of referral, low knowledge and insight into
services, beliefs about heart disease, negative views of the
health care system, financial and work constraints, long
distance to services, hours of operation, lack of family
GLOBAL HEART, VOL. 12, NO. 4, 2017
December 2017: 323-334
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(references [16,31] cited in Online Appendix 3).
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support, and medical comorbidities. Female sex, older age,
lower socioeconomic status, and low educational attain-
ment have been correlated with poor CR attendance [11].
Whereas our results were generally consistent with barriers
reported from high-income countries, we found additional
patient-related barriers to CR specific to LMIC, including
lack of resources and poor affordability of CR programs.
Conversely, medical comorbidities were not reported as a
barrier to CR in LMIC in our review.

In the United States, solutions to overcome barriers to
CR have been proposed; these target patient-centeredness
of CR programs, systematization of CR referral, improved
accessibility, and data-driven performance improvement
[27,28]. In LMIC, the solutions to improve utilization of
CR must be tailored to the unique barriers faced by
resource scarcity, and novel strategies for the
> 90
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< 40
High Income
Countries
LMIC
No Data

% A endance

FIGURE 5. Cardiac rehabilitation program attendance rates
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implementation of secondary prevention programs may be
necessary. A recent consensus statement on CR delivery in
low-resource settings outlined the essential components of
CR, and low cost alternatives to CR delivery methods
practiced in high-income countries. These include
improved risk stratification of patients to enable decreased
supervision of patients at low risk for ischemic/arrhythmic
events and the use of low-cost exercises and equipment
[29].

Based on the barriers to CR in LMIC identified in this
review, we have proposed solutions for this setting in
Figure 6, based on several studies evaluating novel CR
strategies. A recent Cochrane systematic review and meta-
analysis, which included studies from Iran and Turkey,
concluded that home-based CR was as effective as center-
based CR [30]. Subsequently, another study of home-
based CR in Xi’an, China, found that home-based CR, in
comparison with usual care (i.e., no CR), improved health-
related quality of life [31]. Indeed, the use of innovative
non-center-based CR in LMIC may improve adherence and
overall outcomes after cardiovascular events. In addition,
in India, yoga-based CR has been shown to improve left
ventricular ejection fraction, blood glucose control, and
body mass index, in comparison with standard CR [32].
Mobile technology is emerging as a tool for increasing
patient-centeredness of CR and addressing the issue of
distances and time [33]. A virtual world-based CR program
with features of social interactivity and active learning is
currently being evaluated for feasibility and effectiveness;
this would additionally address issues of motivation [34].

Completion of CR programs has been shown to be
associated with a lower risk of death, lower risk of MI,
all-cause hospitalization, and cardiac hospitalization [22].
In LMIC, CR has also been demonstrated to improve CVD
risk factors [25]. In high-income countries, CR has been
in low- and middle-income countries (LMIC) among patients who were referred.
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TABLE 2. Characteristics of patients referred for cardiac rehabilitation

Location Isfahan, Iran Tehran, Iran Tehran, Iran Karachi, Pakistan Timisoara, Romania* Brazil*

Year 2007 2009 2011 2012 2010 2013

Reference

(Cited in Online

Appendix 3) [10] [11] [13] [14] [20] [26]

Completed CR

Dropped

Out of CR Completed CR

Dropped

Out of CR Completed CR

Dropped

Out of CR Attended CR

Did Not

Attend CR Attended CR

Did Not

Attend CR Attended CR

Did Not

Attend CR

Patients, n (%) 499 (44.8) 616 (55.2) 361 (18.2) 1,625 (81.8) 40 (31.3) 88 (68.8) 151 (36.3) 265 (63.7) 81 (58.7) 57 (41.3) 139 (58.6) 98 (41.4)

Age, yrs,

mean � SD

56.2 – 0.4 54.4 – 0.4 57.8 � 10.4 56.8 � 10.7 54.2 � 11.1 56 � 9.6 56.1 � 10.3 57.2 � 10.7 62.68 � 9.1 64.09 � 14.4

Male 72.3 80.9 71.5 73.0 79.6 84.1 78.1 81.9 75.0 89.0 100.0 65.8

Employed 21.4 26.4 74.6 70.5 58.9 72.1

Education level

Less than

secondary

24.5 62.2

Secondary 30.0 32.3 70.1 53.7 15.1 15.3

Post-secondary 11.7 11.7 71.0 49.8 60.4 22.4

Risk factor profile

Diabetes 22.5 25.1 23.3 23.6 56.3 40.8 20.0 19.3 29.5 21.4

Hyperlipidemia 52.1 49.8 51.8 47.1 57.0 49.1 53.0 59.7 26.6 28.6

Hypertension 32.4 29.8 41.3 36.4 74.8 62.3 68.0 68.4 43.2 56.1

Obesity 40.2 40.8 31.3 35.1 5.8 2.0

Smoking 12.9 25.5 21.6 23.9 41.7 36.6 4.9 15.8

Left ventricular

ejection

fraction, mean

� SD

52 � 1 51 � 1 52 � 10 51 � 11 45 – 13 35 – 10

Indication for cardiac

rehabilitation

MI 27.8 38.0 7.5 1.1 9.9 25.7 1.0 7.0

PCI 9.3 8.5 25.0 45.5 20.5 44.9 49.0 61.0

CABG 51.8 40.5 45.0 44.3 69.5 29.4 48.0 30.0

Other 11.1 13.0 22.2 29.6

Values are % unless otherwise indicated. Values in bold and italic represent statistically significant differences, as reported by study authors. Blank cells represent unavailable data.
CABG, coronary artery bypass graft; CR, cardiac rehabilitation; MI, myocardial infarction; PCI, percutaneous coronary intervention.

*Statistical significance not reported.
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TABLE 3. Barriers to cardiac rehabilitation

Reference

(Cited in

Online

Appendix 3) [7] [9] [12] [13] [5] [5] [22] [24] [25] [34] [27] [30] [31] [32]

Location China Indonesia Iran

Tehran,

Iran Philippines Thailand Turkey

South/

Central

America*

South/

Central

Americay Brazil Chile Colombia Mexico Uruguay

Year 2009 2009 2011 2011 2001 2001 2000 2009 2013 1986 2012 2010 2009 2011

Respondents

Health

Care

Professionals* Reviewz Cardiologists

Patients:

CR

Dropouts Editorialz NA Reviewz
CR

Programs

CR

Program

Directors

CR

Programsz
CR

Programs

CR

Programs

CR

Programs

CR

Programs

Physician

factors

Lack of referral Y 91% Y 45% 70% 56% 66% 93% 83%

Lack of CR as

part of

cardiology

training

Y

Patient

factor

Transportation Y 5% 70% 88% 15% 3% 28% 5% 17%

Affordability Y Y 9% Y 17%

Time Y 13% Y

Motivation 3% 7% Y Y

Lack of

awareness

Y

System

factor

Lack of

personnel

and

resources

Y 7% 21% Y Y 21% 19% 25% 64% 17%

Rehabilitation

is not

profitable

enough

2%

Blank cells represent unavailable data.
CR, cardiac rehabilitation; Y ¼ yes.

*Argentina, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, El Salvador, Guatemala, Honduras, Mexico, Peru, Puerto Rico, Venezuela.
yArgentina, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, Venezuela.
zQuantitative data not available.
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Physician
Factor

Factor

Systems
Factor

Lack of referral

Affordability

Time

Lack of resources

Not profitable

Home-based CR

Incorporate mobile health technologies

Alternate reimbursement and
insurance policies

Weekend/evening sessions

Counseling by clinicians

Lack of CR in
cardiology training

Lack of awareness

Automated referral systems

Barriers to CR

FIGURE 6. Proposed solutions to barriers to cardiac rehabilitation (CR) in low-
and middle-income countries. Physician, patient, and systems factors are illus-
trated in red, orange, and gray, respectively. Proposed solutions are similarly
color-coded; additionally, solutions overlapping physician and patient factors, and
patient and systems factors are illustrated in light red and light orange,
respectively.
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demonstrated to be cost-effective. However, the data for
cost-effectiveness from LMIC are limited; studies from
heart failure patients in Brazil and Columbia estimate CR to
be cost-effective [35]. Cost-effectiveness and affordability
analyses of CR programs, and associated efforts to develop
novel CR delivery methods in LMIC, must take into ac-
count the cost savings from preventing hospitalization, as
well as increasing productivity. Indeed, novel CR delivery
methods may likely be a cost-effective and potentially
affordable approach to improving access to CR in LMIC.
Study limitations
As a systematic review of the peer-reviewed published re-
ports, publication bias is the foremost limitation of our
results. This is most likely to affect our results on CR
availability; it is likely that more CR programs exist in
LMIC than we have reported, and our results do not
comprise a global index of CR programs. However, our
goal was to assess the status of the published data on this
topic, and we would argue that critical assessment of CR
programs, including summary of peer-reviewed publica-
tions, is a necessary step toward dialogue, expansion, and
improvement of the available resources.

A second limitation is that we chose to include articles
since 1980, and the oldest article meeting inclusion criteria
was from 1984. Given the rapid pace of health care
innovation and overall health system development, we
recognize that these older data may not be relevant to the
present-day situation in LMIC. However, the majority of
included studies were published since 2000; therefore, we
feel that our results generally represent the current status of
the published data.

Finally, in this systematic review, there were varied
definitions of the patient population, outcomes, and
comparator groups in the data, making it unsuitable for
aggregation in the form of a meta-analysis. Additionally,
many of the data points collected did not include measures
of imprecision, for which reason we were not able to report
on this.

CONCLUSIONS
The available published data reveals a wide variability in
the availability of CR in LMIC. There is overall insufficient
availability of CR services in LMIC to meet the growing
burden of CVD in these areas. Where CR is available,
utilization rates of the services are suboptimal. Whereas
many barriers to CR in LMIC are also present in high-
income countries, there are some notable differences
reflecting lower resources, health system deficiencies, and
affordability. This study also illustrates the geographic
disparity of publications on the availability, use, and bar-
riers to CR in LMIC. Whereas this issue has been studied
extensively in Europe and South America, there is a sub-
stantial deficiency in published data from Asia and Africa.
Accurate enumeration of CR programs is the first step to
identifying key areas for policy interventions and program
development; thus, there is a significant need for system-
atic data gathering in these regions.

Interventions to quickly increase implementation and
use of this cornerstone of secondary CVD prevention must
be targeted to fit the needs of local populations and may
need to deviate from the accepted practices in high-income
countries. It is imperative on the global health community
to incorporate novel CR delivery models into efforts
directed at secondary prevention of CVD, in line with the
World Health Organization’s target of reducing mortality
from noncommunicable diseases by 25% [36].
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APPENDIX
ONLINE APPENDIX 1. PubMed search strategy

Search Terms Search Details Results

1 (Cardiac Surgical Procedures/rehabilitation [MeSH]

OR cardiac surgical procedures AND

rehabilitation)) OR Thoracic Surgery/

rehabilitation[MeSH] OR (thoracic surgery AND

rehabilitation) OR ((heart surgery OR

cardiothoracic surgery) AND rehabilitation)

("Cardiac Surgical Procedures/rehabilitation"[Mesh] OR (("cardiac surgical

procedures"[MeSH Terms] OR ("cardiac"[All Fields] AND "surgical"[All

Fields] AND "procedures"[All Fields]) OR "cardiac surgical procedures"[All

Fields]) AND ("rehabilitation"[Subheading] OR "rehabilitation"[All Fields]

OR "rehabilitation"[MeSH Terms]))) OR "Thoracic Surgery/

rehabilitation"[Mesh] OR (("thoracic surgical procedures"[MeSH Terms]

OR ("thoracic"[All Fields] AND "surgical"[All Fields] AND "procedures"[All

Fields]) OR "thoracic surgical procedures"[All Fields] OR ("thoracic"[All

Fields] AND "surgery"[All Fields]) OR "thoracic surgery"[All Fields] OR

"thoracic surgery"[MeSH Terms] OR ("thoracic"[All Fields] AND

"surgery"[All Fields])) AND ("rehabilitation"[Subheading] OR

"rehabilitation"[All Fields] OR "rehabilitation"[MeSH Terms])) OR

((("thoracic surgery"[MeSH Terms] OR ("thoracic"[All Fields] AND

"surgery"[All Fields]) OR "thoracic surgery"[All Fields] OR ("heart"[All

Fields] AND "surgery"[All Fields]) OR "heart surgery"[All Fields] OR "cardiac

surgical procedures"[MeSH Terms] OR ("cardiac"[All Fields] AND

"surgical"[All Fields] AND "procedures"[All Fields]) OR "cardiac surgical

procedures"[All Fields] OR ("heart"[All Fields] AND "surgery"[All Fields]))

OR (cardiothoracic[All Fields] AND ("surgery"[Subheading] OR

"surgery"[All Fields] OR "surgical procedures, operative"[MeSH Terms] OR

("surgical"[All Fields] AND "procedures"[All Fields] AND "operative"[All

Fields]) OR "operative surgical procedures"[All Fields] OR "surgery"[All

Fields] OR "general surgery"[MeSH Terms] OR ("general"[All Fields] AND

"surgery"[All Fields]) OR "general surgery"[All Fields]))) AND

("rehabilitation"[Subheading] OR "rehabilitation"[All Fields] OR

"rehabilitation"[MeSH Terms]))

6,326

2 Coronary Disease/rehabilitation[MeSH] OR coronary

disease/rehabilitation OR Myocardial infarction/

rehabilitation[MeSH] OR myocardial infarction/

rehabilitation OR heart diseases rehabilitation*

OR heart disease* rehabilitation OR

cardiovascular rehabilitation OR cardiac

rehabilitation OR heart rehabilitation

"coronary disease/rehabilitation"[Mesh Terms] OR "coronary disease/

rehabilitation"[Mesh Terms] OR "myocardial infarction/

rehabilitation"[Mesh Terms] OR "myocardial infarction/

rehabilitation"[Mesh Terms] OR heart diseases rehabilitation[All Fields] OR

(heart disease[All Fields] OR heart disease/anemia[All Fields] OR heart

disease/angina[All Fields] OR heart disease/anticoagulants[All Fields] OR

heart disease/arteriosclerotic[All Fields] OR heart disease/case[All Fields]

OR heart disease/chd[All Fields] OR heart disease/complications[All Fields]

OR heart disease/congenital[All Fields] OR heart disease/coronary[All

Fields] OR heart disease/detection[All Fields] OR heart disease/diagnosis

[All Fields] OR heart disease/epidemiology[All Fields] OR heart disease/

etiology[All Fields] OR heart disease/experimental[All Fields] OR heart

disease/history[All Fields] OR heart disease/hypertension[All Fields] OR

heart disease/immunology[All Fields] OR heart disease/manifestations[All

Fields] OR heart disease/pathology[All Fields] OR heart disease/patients

[All Fields] OR heart disease/physiology[All Fields] OR heart disease/

prevention[All Fields] OR heart disease/psychology[All Fields] OR heart

disease/pulmonary[All Fields] OR heart disease/rheumatic[All Fields] OR

heart disease/risk[All Fields] OR heart disease/statistics[All Fields] OR

heart disease/stroke[All Fields] OR heart disease/surgery[All Fields] OR

heart disease/therapy[All Fields] OR heart diseased[All Fields] OR heart

diseases[All Fields] OR heart diseases/blood[All Fields] OR heart

26,976
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Search Terms Search Details Results

diseases/chemistry[All Fields] OR heart diseases/chemotherapy[All Fields]

OR heart diseases/cholesterol[All Fields] OR heart diseases/classification

[All Fields] OR heart diseases/complications[All Fields] OR heart diseases/

congenital[All Fields] OR heart diseases/control[All Fields] OR heart

diseases/coronary[All Fields] OR heart diseases/cyanotic[All Fields] OR

heart diseases/diagnosis[All Fields] OR heart diseases/diet[All Fields] OR

heart diseases/disability[All Fields] OR heart diseases/economics[All

Fields] OR heart diseases/electrocardiograph[All Fields] OR heart diseases/

embryology[All Fields] OR heart diseases/emergencies[All Fields] OR heart

diseases/enzymology[All Fields] OR heart diseases/epidemiology[All

Fields] OR heart diseases/ethnology[All Fields] OR heart diseases/etiology

[All Fields] OR heart diseases/experimental[All Fields] OR heart diseases/

fatal[All Fields] OR heart diseases/genetics[All Fields] OR heart diseases/

heredity[All Fields] OR heart diseases/history[All Fields] OR heart diseases/

immunology[All Fields] OR heart diseases/injuries[All Fields] OR heart

diseases/jurisprudence[All Fields] OR heart diseases/malignancy[All Fields]

OR heart diseases/manifestations[All Fields] OR heart diseases/

metabolism[All Fields] OR heart diseases/microbiology[All Fields] OR heart

diseases/mortality[All Fields] OR heart diseases/nursing[All Fields] OR

heart diseases/organic[All Fields] OR heart diseases/parasitology[All

Fields] OR heart diseases/pathology[All Fields] OR heart diseases/

pharmacology[All Fields] OR heart diseases/physiology[All Fields] OR heart

diseases/physiopathology[All Fields] OR heart diseases/prognosis[All

Fields] OR heart diseases/psychology[All Fields] OR heart diseases/

pulmonary[All Fields] OR heart diseases/radiography[All Fields] OR heart

diseases/radiotherapy[All Fields] OR heart diseases/rehabilitation[All

Fields] OR heart diseases/reversible[All Fields] OR heart diseases/

rheumatology[All Fields] OR heart diseases/roentgenography[All Fields]

OR heart diseases/statistics[All Fields] OR heart diseases/surgery[All

Fields] OR heart diseases/therapy[All Fields] OR heart diseases/traumatic

[All Fields] OR heart diseases/ultrasonography[All Fields] OR heart

diseases/urine[All Fields] OR heart diseases/veterinary[All Fields] OR heart

diseases/virology[All Fields]) AND ("rehabilitation"[Subheading] OR

"rehabilitation"[All Fields] OR "rehabilitation"[MeSH Terms]) OR

(("cardiovascular system"[MeSH Terms] OR ("cardiovascular"[All Fields]

AND "system"[All Fields]) OR "cardiovascular system"[All Fields] OR

"cardiovascular"[All Fields]) AND ("rehabilitation"[Subheading] OR

"rehabilitation"[All Fields] OR "rehabilitation"[MeSH Terms])) OR

(("heart"[MeSH Terms] OR "heart"[All Fields] OR "cardiac"[All Fields]) AND

("rehabilitation"[Subheading] OR "rehabilitation"[All Fields] OR

"rehabilitation"[MeSH Terms])) OR (("heart"[MeSH Terms] OR "heart"[All

Fields]) AND ("rehabilitation"[Subheading] OR "rehabilitation"[All Fields]

OR "rehabilitation"[MeSH Terms]))

3 1 OR 2 29,748

4 Afghanistan OR Albania OR Algeria OR Angola OR

Antigua OR Argentina OR Armenia OR

Azerbaijan OR Bangladesh OR Barbuda OR

Belarus OR Belize OR Benin OR Bhutan OR

Bolivia OR Bosnia OR Botswana OR Brazil OR

Bulgaria OR Burkina Faso OR Burundi OR

Cambodia OR Cameroon OR Cape Verde OR

Central African Republic OR Chad OR Chile OR

China OR Colombia OR Comoros OR Congo

("afghanistan"[MeSH Terms] OR "afghanistan"[All Fields]) OR ("albania"[MeSH

Terms] OR "albania"[All Fields]) OR ("algeria"[MeSH Terms] OR

"algeria"[All Fields]) OR ("angola"[MeSH Terms] OR "angola"[All Fields])

OR ("antigua and barbuda"[MeSH Terms] OR ("antigua"[All Fields] AND

"barbuda"[All Fields]) OR "antigua and barbuda"[All Fields] OR

"antigua"[All Fields]) OR ("argentina"[MeSH Terms] OR "argentina"[All

Fields]) OR ("armenia"[MeSH Terms] OR "armenia"[All Fields]) OR

("azerbaijan"[MeSH Terms] OR "azerbaijan"[All Fields]) OR

("bangladesh"[MeSH Terms] OR "bangladesh"[All Fields]) OR ("antigua and

2,406,096
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Search Terms Search Details Results

Republic OR Republic of the Congo OR

Democratic Republic of the Congo OR Costa Rica

OR Cote d’Ivoire OR Cuba OR Djibouti OR

Dominica OR Dominican Republic OR Ecuador

OR Egypt OR El Salvador OR Eritrea OR Ethiopia

OR Fiji OR Gabon OR Gambia OR Gaza OR

Georgia OR Ghana OR Grenada OR Guatemala

OR Guinea OR Guinea-Bissau OR Guyana OR

Haiti OR Herzegovina OR Honduras OR India OR

Indonesia OR Iran OR Iraq OR Jamaica OR Jordan

OR Kazakhstan OR Kenya OR Kiribati OR Kosovo

OR Kyrgyz Republic OR Lao PDR OR Latvia OR

Lebanon OR Lesotho OR Liberia OR Libya OR

Lithuania OR Macedonia OR Madagascar OR

Malawi OR Malaysia OR Maldives OR Mali OR

Marshall Islands OR Mauritania OR Mauritius OR

Mexico OR Micronesia OR Moldova OR

Mongolia OR Montenegro OR Morocco OR

Mozambique OR Myanmar OR Namibia OR

Nepal OR Nicaragua OR Niger OR Nigeria OR

North Korea OR Pakistan OR Palau OR Panama

OR Papua New Guinea OR Paraguay OR Peru OR

Philippines OR Romania OR Russia OR USSR OR

Russian Federation OR Rwanda OR Samoa OR

Sao Tome and Principe OR Senegal OR Serbia OR

Seychelles OR Sierra Leone OR Solomon Islands

OR Somalia OR South Africa OR South Sudan OR

Sri Lanka OR St. Lucia OR St. Vincent and the

Grenadines OR Sudan OR Suriname OR

Swaziland OR Syria OR Tajikistan OR Tanzania

OR Thailand OR Timor OR Togo OR Tonga OR

Tunisia OR Turkey OR Turkmenistan OR Tuvalu

OR Uganda OR Ukraine OR Uruguay OR

Uzbekistan OR Vanuatu OR Venezuela OR

Vietnam OR West Bank OR Yemen OR Zambia

OR Zimbabwe

barbuda"[MeSH Terms] OR ("antigua"[All Fields] AND "barbuda"[All

Fields]) OR "antigua and barbuda"[All Fields] OR "barbuda"[All Fields]) OR

("republic of belarus"[MeSH Terms] OR ("republic"[All Fields] AND

"belarus"[All Fields]) OR "republic of belarus"[All Fields] OR "belarus"[All

Fields]) OR ("belize"[MeSH Terms] OR "belize"[All Fields]) OR

("benin"[MeSH Terms] OR "benin"[All Fields]) OR ("bhutan"[MeSH Terms]

OR "bhutan"[All Fields]) OR ("bolivia"[MeSH Terms] OR "bolivia"[All

Fields]) OR ("bosnia-herzegovina"[MeSH Terms] OR "bosnia-

herzegovina"[All Fields] OR "bosnia"[All Fields]) OR ("botswana"[MeSH

Terms] OR "botswana"[All Fields]) OR ("brazil"[MeSH Terms] OR

"brazil"[All Fields]) OR ("bulgaria"[MeSH Terms] OR "bulgaria"[All Fields])

OR ("burkina faso"[MeSH Terms] OR ("burkina"[All Fields] AND "faso"[All

Fields]) OR "burkina faso"[All Fields]) OR ("burundi"[MeSH Terms] OR

"burundi"[All Fields]) OR ("cambodia"[MeSH Terms] OR "cambodia"[All

Fields]) OR ("cameroon"[MeSH Terms] OR "cameroon"[All Fields]) OR

("cape verde"[MeSH Terms] OR ("cape"[All Fields] AND "verde"[All Fields])

OR "cape verde"[All Fields]) OR ("central african republic"[MeSH Terms]

OR ("central"[All Fields] AND "african"[All Fields] AND "republic"[All

Fields]) OR "central african republic"[All Fields]) OR ("chad"[MeSH Terms]

OR "chad"[All Fields]) OR ("chile"[MeSH Terms] OR "chile"[All Fields]) OR

("china"[MeSH Terms] OR "china"[All Fields]) OR ("colombia"[MeSH

Terms] OR "colombia"[All Fields]) OR ("comoros"[MeSH Terms] OR

"comoros"[All Fields]) OR (("congo"[MeSH Terms] OR "congo"[All Fields])

AND Republic[All Fields]) OR ("congo"[MeSH Terms] OR "congo"[All Fields]

OR ("republic"[All Fields] AND "congo"[All Fields]) OR "republic of the

congo"[All Fields]) OR ("democratic republic of the congo"[MeSH Terms]

OR ("democratic"[All Fields] AND "republic"[All Fields] AND "congo"[All

Fields]) OR "democratic republic of the congo"[All Fields]) OR ("costa

rica"[MeSH Terms] OR ("costa"[All Fields] AND "rica"[All Fields]) OR "costa

rica"[All Fields]) OR ("cote d’ivoire"[MeSH Terms] OR ("cote"[All Fields]

AND "d’ivoire"[All Fields]) OR "cote d’ivoire"[All Fields]) OR ("cuba"[MeSH

Terms] OR "cuba"[All Fields]) OR ("djibouti"[MeSH Terms] OR

"djibouti"[All Fields]) OR ("dominica"[MeSH Terms] OR "dominica"[All

Fields]) OR ("dominican republic"[MeSH Terms] OR ("dominican"[All

Fields] AND "republic"[All Fields]) OR "dominican republic"[All Fields]) OR

("ecuador"[MeSH Terms] OR "ecuador"[All Fields]) OR ("egypt"[MeSH

Terms] OR "egypt"[All Fields]) OR ("el salvador"[MeSH Terms] OR ("el"[All

Fields] AND "salvador"[All Fields]) OR "el salvador"[All Fields]) OR

("eritrea"[MeSH Terms] OR "eritrea"[All Fields]) OR ("ethiopia"[MeSH

Terms] OR "ethiopia"[All Fields]) OR ("fiji"[MeSH Terms] OR "fiji"[All

Fields]) OR ("gabon"[MeSH Terms] OR "gabon"[All Fields]) OR

("gambia"[MeSH Terms] OR "gambia"[All Fields]) OR Gaza[All Fields] OR

("georgia"[MeSH Terms] OR "georgia"[All Fields] OR "georgia

(republic)"[MeSH Terms] OR ("georgia"[All Fields] AND "(republic)"[All

Fields]) OR "georgia (republic)"[All Fields]) OR ("ghana"[MeSH Terms] OR

"ghana"[All Fields]) OR ("grenada"[MeSH Terms] OR "grenada"[All Fields])

OR ("guatemala"[MeSH Terms] OR "guatemala"[All Fields]) OR

("guinea"[MeSH Terms] OR "guinea"[All Fields]) OR ("guinea-

bissau"[MeSH Terms] OR "guinea-bissau"[All Fields] OR ("guinea"[All

Fields] AND "bissau"[All Fields]) OR "guinea bissau"[All Fields]) OR

("guyana"[MeSH Terms] OR "guyana"[All Fields]) OR ("haiti"[MeSH Terms]

OR "haiti"[All Fields]) OR ("bosnia-herzegovina"[MeSH Terms] OR "bosnia-

herzegovina"[All Fields] OR "herzegovina"[All Fields]) OR
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Search Terms Search Details Results

("honduras"[MeSH Terms] OR "honduras"[All Fields]) OR ("india"[MeSH

Terms] OR "india"[All Fields]) OR ("indonesia"[MeSH Terms] OR

"indonesia"[All Fields]) OR ("iran"[MeSH Terms] OR "iran"[All Fields]) OR

("iraq"[MeSH Terms] OR "iraq"[All Fields]) OR ("jamaica"[MeSH Terms] OR

"jamaica"[All Fields]) OR ("jordan"[MeSH Terms] OR "jordan"[All Fields])

OR ("kazakhstan"[MeSH Terms] OR "kazakhstan"[All Fields]) OR

("kenya"[MeSH Terms] OR "kenya"[All Fields]) OR ("micronesia"[MeSH

Terms] OR "micronesia"[All Fields] OR "kiribati"[All Fields]) OR

("yugoslavia"[MeSH Terms] OR "yugoslavia"[All Fields] OR "kosovo"[All

Fields]) OR ("kyrgyzstan"[MeSH Terms] OR "kyrgyzstan"[All Fields] OR

("kyrgyz"[All Fields] AND "republic"[All Fields]) OR "kyrgyz republic"[All

Fields]) OR (Lao[All Fields] AND PDR[All Fields]) OR ("latvia"[MeSH Terms]

OR "latvia"[All Fields]) OR ("lebanon"[MeSH Terms] OR "lebanon"[All

Fields]) OR ("lesotho"[MeSH Terms] OR "lesotho"[All Fields]) OR

("liberia"[MeSH Terms] OR "liberia"[All Fields]) OR ("libya"[MeSH Terms]

OR "libya"[All Fields]) OR ("lithuania"[MeSH Terms] OR "lithuania"[All

Fields]) OR ("macedonia (republic)"[MeSH Terms] OR ("macedonia"[All

Fields] AND "(republic)"[All Fields]) OR "macedonia (republic)"[All Fields]

OR "macedonia"[All Fields]) OR ("madagascar"[MeSH Terms] OR

"madagascar"[All Fields]) OR ("malawi"[MeSH Terms] OR "malawi"[All

Fields]) OR ("malaysia"[MeSH Terms] OR "malaysia"[All Fields]) OR

("indian ocean islands"[MeSH Terms] OR ("indian"[All Fields] AND

"ocean"[All Fields] AND "islands"[All Fields]) OR "indian ocean islands"[All

Fields] OR "maldives"[All Fields]) OR ("mali"[MeSH Terms] OR "mali"[All

Fields]) OR ("micronesia"[MeSH Terms] OR "micronesia"[All Fields] OR

("marshall"[All Fields] AND "islands"[All Fields]) OR "marshall islands"[All

Fields]) OR ("mauritania"[MeSH Terms] OR "mauritania"[All Fields]) OR

("mauritius"[MeSH Terms] OR "mauritius"[All Fields]) OR ("mexico"[MeSH

Terms] OR "mexico"[All Fields]) OR ("micronesia"[MeSH Terms] OR

"micronesia"[All Fields]) OR ("moldova"[MeSH Terms] OR "moldova"[All

Fields]) OR ("mongolia"[MeSH Terms] OR "mongolia"[All Fields]) OR

("montenegro"[MeSH Terms] OR "montenegro"[All Fields]) OR

("morocco"[MeSH Terms] OR "morocco"[All Fields]) OR

("mozambique"[MeSH Terms] OR "mozambique"[All Fields]) OR

("myanmar"[MeSH Terms] OR "myanmar"[All Fields]) OR

("namibia"[MeSH Terms] OR "namibia"[All Fields]) OR ("nepal"[MeSH

Terms] OR "nepal"[All Fields]) OR ("nicaragua"[MeSH Terms] OR

"nicaragua"[All Fields]) OR ("niger"[MeSH Terms] OR "niger"[All Fields])

OR ("nigeria"[MeSH Terms] OR "nigeria"[All Fields]) OR ("democratic

people’s republic of korea"[MeSH Terms] OR ("democratic"[All Fields] AND

"people’s"[All Fields] AND "republic"[All Fields] AND "korea"[All Fields]) OR

"democratic people’s republic of korea"[All Fields] OR ("north"[All Fields]

AND "korea"[All Fields]) OR "north korea"[All Fields]) OR ("pakistan"[MeSH

Terms] OR "pakistan"[All Fields]) OR ("palau"[MeSH Terms] OR "palau"[All

Fields]) OR ("panama"[MeSH Terms] OR "panama"[All Fields]) OR ("papua

new guinea"[MeSH Terms] OR ("papua"[All Fields] AND "new"[All Fields]

AND "guinea"[All Fields]) OR "papua new guinea"[All Fields]) OR

("paraguay"[MeSH Terms] OR "paraguay"[All Fields]) OR ("peru"[MeSH

Terms] OR "peru"[All Fields]) OR ("philippines"[MeSH Terms] OR

"philippines"[All Fields]) OR ("romania"[MeSH Terms] OR "romania"[All

Fields]) OR ("russia"[MeSH Terms] OR "russia"[All Fields] OR ("russian"[All

Fields] AND "federation"[All Fields]) OR "russian federation"[All Fields]) OR

("rwanda"[MeSH Terms] OR "rwanda"[All Fields]) OR ("samoa"[MeSH
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Search Terms Search Details Results

Terms] OR "samoa"[All Fields]) OR ("atlantic islands"[MeSH Terms] OR

("atlantic"[All Fields] AND "islands"[All Fields]) OR "atlantic islands"[All

Fields] OR ("sao"[All Fields] AND "tome"[All Fields] AND "principe"[All

Fields]) OR "sao tome and principe"[All Fields]) OR ("senegal"[MeSH

Terms] OR "senegal"[All Fields]) OR ("serbia"[MeSH Terms] OR "serbia"[All

Fields]) OR ("seychelles"[MeSH Terms] OR "seychelles"[All Fields]) OR

("sierra leone"[MeSH Terms] OR ("sierra"[All Fields] AND "leone"[All

Fields]) OR "sierra leone"[All Fields]) OR ("melanesia"[MeSH Terms] OR

"melanesia"[All Fields] OR ("solomon"[All Fields] AND "islands"[All Fields])

OR "solomon islands"[All Fields]) OR ("somalia"[MeSH Terms] OR

"somalia"[All Fields]) OR ("south africa"[MeSH Terms] OR ("south"[All

Fields] AND "africa"[All Fields]) OR "south africa"[All Fields]) OR (South[All

Fields] AND ("sudan"[MeSH Terms] OR "sudan"[All Fields])) OR ("sri

lanka"[MeSH Terms] OR ("sri"[All Fields] AND "lanka"[All Fields]) OR "sri

lanka"[All Fields]) OR ("saint lucia"[MeSH Terms] OR ("saint"[All Fields]

AND "lucia"[All Fields]) OR "saint lucia"[All Fields] OR ("st"[All Fields] AND

"lucia"[All Fields]) OR "st lucia"[All Fields]) OR ("saint vincent and the

grenadines"[MeSH Terms] OR ("saint"[All Fields] AND "vincent"[All Fields]

AND "grenadines"[All Fields]) OR "saint vincent and the grenadines"[All

Fields] OR ("st"[All Fields] AND "vincent"[All Fields] AND "grenadines"[All

Fields]) OR "st vincent and the grenadines"[All Fields]) OR ("sudan"[MeSH

Terms] OR "sudan"[All Fields]) OR ("suriname"[MeSH Terms] OR

"suriname"[All Fields]) OR ("swaziland"[MeSH Terms] OR "swaziland"[All

Fields]) OR ("syria"[MeSH Terms] OR "syria"[All Fields]) OR

("tajikistan"[MeSH Terms] OR "tajikistan"[All Fields]) OR ("tanzania"[MeSH

Terms] OR "tanzania"[All Fields]) OR ("thailand"[MeSH Terms] OR

"thailand"[All Fields]) OR ("indonesia"[MeSH Terms] OR "indonesia"[All

Fields] OR "timor"[All Fields]) OR ("togo"[MeSH Terms] OR "togo"[All

Fields]) OR ("tonga"[MeSH Terms] OR "tonga"[All Fields]) OR

("tunisia"[MeSH Terms] OR "tunisia"[All Fields]) OR ("turkey"[MeSH

Terms] OR "turkey"[All Fields]) OR ("turkmenistan"[MeSH Terms] OR

"turkmenistan"[All Fields]) OR ("micronesia"[MeSH Terms] OR

"micronesia"[All Fields] OR "tuvalu"[All Fields]) OR ("uganda"[MeSH

Terms] OR "uganda"[All Fields]) OR ("ukraine"[MeSH Terms] OR

"ukraine"[All Fields]) OR ("uruguay"[MeSH Terms] OR "uruguay"[All

Fields]) OR ("uzbekistan"[MeSH Terms] OR "uzbekistan"[All Fields]) OR

("vanuatu"[MeSH Terms] OR "vanuatu"[All Fields]) OR ("venezuela"[MeSH

Terms] OR "venezuela"[All Fields]) OR ("vietnam"[MeSH Terms] OR

"vietnam"[All Fields]) OR ("middle east"[MeSH Terms] OR ("middle"[All

Fields] AND "east"[All Fields]) OR "middle east"[All Fields] OR ("west"[All

Fields] AND "bank"[All Fields]) OR "west bank"[All Fields]) OR

("yemen"[MeSH Terms] OR "yemen"[All Fields]) OR ("zambia"[MeSH

Terms] OR "zambia"[All Fields]) OR ("zimbabwe"[MeSH Terms] OR

"zimbabwe"[All Fields])

5 central asia OR east asia OR southeast asia OR

eastern europe OR southeastern europe OR

middle east OR africa OR north africa OR sub-

saharan africa OR pacific OR latin america OR

south america OR central america OR caribbean

("asia, central"[MeSH Terms] OR ("asia"[All Fields] AND "central"[All Fields])

OR "central asia"[All Fields] OR ("central"[All Fields] AND "asia"[All

Fields])) OR ("far east"[MeSH Terms] OR ("far"[All Fields] AND "east"[All

Fields]) OR "far east"[All Fields] OR ("east"[All Fields] AND "asia"[All

Fields]) OR "east asia"[All Fields]) OR ("asia, southeastern"[MeSH Terms]

OR ("asia"[All Fields] AND "southeastern"[All Fields]) OR "southeastern

asia"[All Fields] OR ("southeast"[All Fields] AND "asia"[All Fields]) OR

"southeast asia"[All Fields]) OR ("europe, eastern"[MeSH Terms] OR

("europe"[All Fields] AND "eastern"[All Fields]) OR "eastern europe"[All

939,427
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Search Terms Search Details Results

Fields] OR ("eastern"[All Fields] AND "europe"[All Fields])) OR ("Southeast

Eur"[Journal] OR ("southeastern"[All Fields] AND "europe"[All Fields]) OR

"southeastern europe"[All Fields]) OR ("middle east"[MeSH Terms] OR

("middle"[All Fields] AND "east"[All Fields]) OR "middle east"[All Fields])

OR ("africa"[MeSH Terms] OR "africa"[All Fields]) OR ("africa,

northern"[MeSH Terms] OR ("africa"[All Fields] AND "northern"[All Fields])

OR "northern africa"[All Fields] OR ("north"[All Fields] AND "africa"[All

Fields]) OR "north africa"[All Fields]) OR ("africa south of the

sahara"[MeSH Terms] OR ("africa"[All Fields] AND "south"[All Fields] AND

"sahara"[All Fields]) OR "africa south of the sahara"[All Fields] OR

("sub"[All Fields] AND "saharan"[All Fields] AND "africa"[All Fields]) OR

"sub saharan africa"[All Fields]) OR pacific[All Fields] OR ("latin

america"[MeSH Terms] OR ("latin"[All Fields] AND "america"[All Fields])

OR "latin america"[All Fields]) OR ("south america"[MeSH Terms] OR

("south"[All Fields] AND "america"[All Fields]) OR "south america"[All

Fields]) OR ("central america"[MeSH Terms] OR ("central"[All Fields] AND

"america"[All Fields]) OR "central america"[All Fields]) OR ("west

indies"[MeSH Terms] OR ("west"[All Fields] AND "indies"[All Fields]) OR

"west indies"[All Fields] OR "caribbean"[All Fields] OR "caribbean

region"[MeSH Terms] OR ("caribbean"[All Fields] AND "region"[All Fields])

OR "caribbean region"[All Fields])

6 4 OR 5 2,687,496

7 3 AND 6 Final search string 2,570

ONLINE APPENDIX 2. Reasons for exclusion at abstract and full text levels of screening

Level of Screening Abstract Full Text

Total Number of Exclusions 2,493 130

Not related to humans 11 (0.4) —

Not related to LMIC 279 (11.2) 9 (6.9)

Not related to any component of CR, or any indication

for CR

1,331 (53.4) 9 (6.9)

Not related to CR use/availability 872 (35.0) 106 (81.5)

Abstract only—full text version was included — 2 (1.5)

Full text could not be found 4 (3.1)

Values are n (%).

CR, cardiac rehabilitation; LMIC, low- and middle-income countries.
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ONLINE APPENDIX 4. Cardiac rehabilitation availability in LMIC

Reference

(Cited in Online

Appendix 3) Year Country

No. of CR Centers

Available

Population,

Thousands (2012)*

Total CVD

Deaths per

100,000 (2012)*

Total CVD

Deaths (2012)

No. of CR

Centers/100,000

CVD Deaths

[15]
[17]
[17]
[17]
[17]
[25]
[25]
[25]
[25]
[25]
[31]
[25]
[25]
[25]
[34]
[25]

CR, cardiac rehabilitation; CVD, cardiovascular disease; LMIC, low- and middle-income countries.

*WHO. Global Health Observatory Data Repository: Cardiovascular Diseases, Deaths per 100,000; Data by country. 2012. Available at: http://apps.who.int/gho/data/node.main.

Accessed December 21, 2016.
yNot included in Figure 2, as updated information was available for Venezuela from 2013.
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ONLINE APPENDIX 5. CR in LMIC: accepted indications, components, and personnel

Reference

(Cited in

Online

Appendix 3) [2] [4] [13] [16] [16] [17] [16] [17] [16] [18] [19] [17] [16] [17] [16] [24] [25] [27] [28] [29] [30] [31] [32]

Location S. Africa China Iran Bulgaria Latvia Lithuania Lithuania Romania Romania Russia Russia Russia Russia Serbia Turkey L. America S. America Chile Colombia Colombia Colombia Mexico Uruguay

Year 1991 1995 2011 2011 2011 2010 2011 2010 2011 1984 1988 2010 2011 2010 2011 2009 2013 2012 1999 2009 2011 2009 2011

CABG, coronary artery bypass graft; CR, cardiac rehabilitation; MI, myocardial infarction; PCI, percutaneous coronary intervention.
Blank cells represent unavailable data.
*Only those who are employed.
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ONLINE APPENDIX 6. Attendance rate at CR

Reference

(Cited in Online

Appendix 3) Year Country Attendance (%) Definition of Attendance Included in Figure 5

CABG, coronary artery bypass graft; CR, cardiac rehabilitation; PCI, percutaneous coronary intervention.

j gSCIENCE

334.e10 GLOBAL HEART, VOL. 12, NO. 4, 2017
December 2017: 323-334


	Availability, Use, and Barriers to Cardiac Rehabilitation in LMIC
	Methods
	Availability of CR
	Use of CR
	Barriers to CR

	Results
	Availability of CR
	Use of CR
	Barriers to CR

	Discussion
	Study limitations

	Conclusions
	Acknowledgments
	References
	Appendix
	Online Appendix 3. Articles included in systematic review


