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disproportionately underrepresented despite demonstrated benefit.
This systematic review comprehensively evaluates the evidence on
CR effectiveness, access barriers, and intervention strategies
tailored to vulnerable and low-SES populations across diverse
health settings.

Methods: The study strictly adhered to the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA) 2020

guidelines. Studies eligible for inclusion were randomized
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controlled trials (RCTs) and primary observational or
interventional studies enrolling participants identified as low-SES,
socioeconomically vulnerable, racially/ethnically
underrepresented, rural-dwelling, or from low- and middle-income
countries (LMICs), examining CR or exercise-based rehabilitation
interventions and reporting at least one predefined clinical,
functional, psychosocial, or behavioural outcome.

Results: Structured interventions combining financial incentives
and case management significantly improved CR adherence in
low-SES patients (completion >30 sessions: 62% vs. 11% usual
care; AOR 13.2, 95% CI 4.0-43.5; p<0.001). Technology-based,
home-based, and hybrid CR models demonstrated efficacy
comparable to traditional center-based CR in reducing
cardiovascular events and improving HRQoL in low-resource
settings. Telehealth CR enhanced attendance and functional
outcomes in rural and underserved populations. Financial
disincentives, transportation barriers, low health literacy, and
provider implicit bias were identified as the dominant structural
barriers to equitable CR access.

Discussion: The synthesis of evidence reveals a persistent and
clinically significant CR participation gap in vulnerable
populations, mediated by multilevel structural, socioeconomic,
and systemic factors. Multifaceted, patient-centred interventions
combining financial incentives, case management, telehealth
delivery, and culturally tailored content represent the most
effective strategies to bridge this gap. Digital health inequity (the
‘digital divide') poses an additional barrier that must be addressed
alongside clinical CR programme design. Hybrid CR models
demonstrate particular promise for LMIC settings where

traditional centre-based infrastructure is unavailable.
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Conclusion: CR remains underutilized in vulnerable and low-SES
populations globally, despite robust evidence of clinical efficacy.
Scalable, affordable, and equity-focused CR models combining
financial incentives, remote delivery, and targeted case
management are urgently required. Future research must prioritize
diverse population inclusion, cost-effectiveness analyses, and
long-term outcome follow-up in LMIC settings.

Keywords: cardiac rehabilitation; low socioeconomic status;
health  disparities; wvulnerable populations; exercise-based
rehabilitation; telehealth; financial incentives; low- and middle-

income countries; equity; secondary prevention

307

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.

Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 03. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

Background

Cardiovascular disease (CVD) constitutes the principal cause of premature mortality
worldwide, responsible for an estimated 17.9 million deaths annually and accounting for 32% of all
global deaths. Within the spectrum of CVD secondary prevention strategies, exercise-based cardiac
rehabilitation (CR) — a structured, multidisciplinary programme incorporating supervised exercise
training, risk factor modification, psychological counselling, and patient education — occupies a
Class I, Grade A evidence-based recommendation in contemporary international cardiovascular
guidelines for patients following acute myocardial infarction (AMI), coronary revascularization,
and heart failure.!2

Systematic reviews and meta-analyses encompassing tens of thousands of participants from
randomised controlled trials (RCTs) have established that exercise-based CR reduces cardiovascular
mortality by up to 26% (RR 0.74; 95% CI 0.64-0.86), decreases all-cause hospitalization by 23%
(RR 0.77; 95% CI 0.67-0.89), reduces recurrent myocardial infarction by 18%, and confers
clinically meaningful improvements in health-related quality of life (HRQoL).%23

Despite this compelling evidence base, CR is severely and systematically underutilized
globally. Critically, the magnitude of this underutilization is disproportionately concentrated among
the populations that bear the greatest burden of cardiovascular disease: those with low
socioeconomic status (SES), racial and ethnic minorities, individuals residing in rural and
geographically remote areas, women, elderly patients, and those in low- and middle-income
countries (LMICs). In LMICs, where the ischaemic heart disease burden is rising precipitously, CR
programme availability ranges from as few as one programme nationally (Algeria, Paraguay) to
only moderate penetration, with referral rates as low as 5% in some settings.*®

Patients enrolled in Medicaid (United States) or equivalent means-tested public insurance in
other jurisdictions, representative of a lower-SES cohort, are up to 50% less likely to attend or

complete CR despite being at higher baseline cardiovascular risk. These populations present with
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elevated comorbidity burden, greater psychological morbidity, lower baseline functional capacity,
and higher rates of tobacco use, obesity, and hypertension — all conditions that heighten the
potential benefit of structured secondary prevention programmes.®’
Research Gap

Although CR efficacy in general populations is well-established, a significant research gap
exists in understanding the effectiveness, facilitators, and optimal delivery modalities of CR
specifically for vulnerable and low-SES populations. Existing meta-analyses predominantly include
subjects from high-income countries with established CR infrastructure, and rarely stratify findings
by SES, race/ethnicity, or healthcare access metrics. Furthermore, mechanisms to overcome
participation barriers in these populations remain understudied, and evidence-based guidelines for
equity-focused CR programme design are lacking.8°
Novelty of This Review

This systematic review addresses these gaps by: (1) focusing specifically on vulnerable and
low-SES populations as primary target groups; (2) synthesising evidence from both RCTs and
primary studies including LMICs and digital health contexts; (3) evaluating a minimum of 10
distinct clinical, functional, behavioural, and economic outcome domains; and (4) providing
actionable recommendations for equity-informed CR programme design. The review contextualizes
findings within the evolving landscape of telehealth, hybrid CR delivery models, financial incentive
strategies, and case management approaches.
Objectives

Primary objective: To systematically evaluate the effectiveness of cardiac rehabilitation
interventions — including traditional centre-based, home-based, hybrid, and telehealth-delivered
formats — on clinical and patient-reported outcomes in vulnerable and low-SES populations.

Secondary objectives: (i) To identify structural, socioeconomic, and systemic barriers to CR
participation in these groups; (ii) to evaluate intervention strategies designed to improve CR access,
adherence, and completion; (iii) to assess the cost-effectiveness of equity-focused CR delivery
models; and (iv) to identify research priorities for future trials in underserved populations.

Hypothesis
309
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We hypothesize that structured CR interventions, particularly those employing financial
incentives, case management, telehealth delivery, and culturally tailored programme design, will
demonstrate statistically and clinically significant improvements across multiple outcome domains
in vulnerable and low-SES populations compared with usual care or no CR, and that combined
multi-component interventions will be superior to single-strategy approaches.

Significance

Given that global CR participation rates remain below 30% in high-income countries and
below 10% in many LMICs, and that vulnerable populations bear a disproportionate share of CVD
morbidity and mortality, evidence-informed strategies to achieve equitable CR access are urgently
required. This review provides a comprehensive evidence synthesis to guide clinicians, healthcare
systems, and policy makers in designing, implementing, and scaling equity-focused CR

programmes. 101!

Protocol

This systematic review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines.
Eligibility Criteria

Inclusion criteria were defined a priori using the PICO (Population, Intervention,

Comparison, Outcome) framework:

PICO Element | Definition

Population Adults >18 years with confirmed CVD (AMI, coronary artery disease,
heart failure, post-revascularisation, stable angina) AND identified as
belonging to one or more vulnerable groups: low SES, Medicaid/means-
tested insurance enrolment, racial/ethnic minority, rural/remote dwelling,
LMIC resident, elderly (>65 years), women (as underrepresented group),

or other designated vulnerability.
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Intervention

Any structured cardiac

rehabilitation or

exercise-based secondary
prevention programme, including: (a) traditional centre-based CR; (b)
home-based CR (HBCR); (c¢) hybrid CR (combination of centre- and
home-based sessions); (d) telehealth/digital health-delivered CR; (e) CR
with financial incentives; (f) CR with case management; or (g) technology-

assisted CR (smartphone apps, wearable devices, social media platforms).

Comparator

Usual care (standard cardiology outpatient follow-up without formal CR),

no CR, waitlist control, or alternative CR delivery model.

Outcomes

factor modification; return to work; cost-effectiveness.

Primary: CR adherence/session completion; cardiovascular mortality; all-
cause hospitalization. Secondary: functional capacity (VO:zpeak, 6MWT);

HRQoL; depression/anxiety; medication adherence; cardiovascular risk

Study Design

and retrospective cohort studies;

evidence. Minimum follow-up: 3 months.

Randomized controlled trials (RCTSs); controlled clinical trials; prospective
mixed-methods primary studies.

Systematic reviews and meta-analyses were included as supplementary

Table 1. PICO Framework for Study Eligibility

Search Strategy

The keywords used for this research based PICO :

PICO Element

P (Population)

Keyword 1

Keyword 2

Low

Keyword 3

I (Intervention)

Vulnerable _ _ Underserved
) Socioeconomic ) )
Populations Cardiac Patients
Status
Cardiac Exercise-Based | Telehealth/Hybrid
Rehabilitation Rehabilitation CR Models

C (Comparison)

Usual Care

Standard Centre-

No Rehabilitation
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Based CR
Functional
CR Adherence & ) Health-Related
O (Outcomes) _ Capacity _ )
Completion Quality of Life
(6MWT/VOzpeak)

The Boolean MeSH keywords inputted on databases for this research are: ("Vulnerable
Populations” OR "Low Socioeconomic Status” OR "Underserved Cardiac Patients") AND
("Cardiac Rehabilitation” OR "Exercise-Based Rehabilitation” OR "Telehealth/Hybrid CR
Models") AND ("Usual Care™ OR "Standard Centre-Based CR" OR "No Rehabilitation™) AND
("CR Adherence & Completion" OR "Functional Capacity (6MWT/VO:peak)” OR "Health-Related
Quality of Life™)

Study Selection

Two independent reviewers (blinded to authorship and journal) performed title/abstract
screening followed by full-text assessment. Disagreements were resolved through consensus
discussion, with a third reviewer arbitrating when necessary. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram criteria were applied
throughout.

Data Extraction

A standardized, pre-piloted data extraction form was used to collect: study design; year of
publication; country/setting; target population characteristics (SES indicator, vulnerability
definition); sample size; CR intervention type and delivery modality; comparator; duration and
follow-up period; outcome measures and instruments; principal findings (with 95% CI and p-
values); and adverse events. All extracted data underwent independent verification by a second
reviewer.

Risk of Bias Assessment

Risk of bias (RoB) for RCTs was assessed using the Cochrane Risk of Bias 2.0 (RoB 2)
tool, evaluating five domains: (1) bias arising from the randomization process; (2) bias due to
deviations from intended interventions; (3) bias due to missing outcome data; (4) bias in

measurement of the outcome; and (5) bias in selection of reported results. Each domain was rated as
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'‘Low’, 'Some Concerns', or 'High' risk of bias. For observational and mixed-methods studies, the

Newcastle—Ottawa Scale (NOS) was applied.

The overall RoB judgement followed the RoB 2 algorithm: 'Low risk' only if all five

domains were low; 'Some concerns' if any domain raised concern; 'High risk' if one or more

domains was high.
Table 1. Article Search Strategy

Database

Keywords

Hits

Pubmed

("Vulnerable Populations™ OR "Low Socioeconomic Status™) AND
("Cardiac Rehabilitation™ AND "CR Adherence & Completion” OR
"Functional Capacity (6MWT/VOapeak)" OR "Health-Related
Quality of Life™)

36

Semantic

Scholar

("Vulnerable Populations™ OR "Low Socioeconomic Status”™ OR
"Underserved Cardiac Patients™) AND ("Cardiac Rehabilitation™ OR
"Exercise-Based Rehabilitation” OR "Telehealth/Hybrid CR
Models") AND ("Usual Care™ OR "Standard Centre-Based CR" OR
"No Rehabilitation™) AND ("CR Adherence & Completion” OR
"Functional Capacity (6MWT/VOaspeak)” OR "Health-Related
Quality of Life")

250

Science-
direct

("Vulnerable Populations” OR "Low Socioeconomic Status” AND
"Cardiac Rehabilitation™ AND "CR Adherence & Completion” OR
"Functional Capacity (6MWT/VOaspeak)” OR "Health-Related
Quality of Life")

12

Cochrane

("Vulnerable Populations” OR "Low Socioeconomic Status™ AND
"Cardiac Rehabilitation” AND "CR Adherence & Completion” OR
"Functional Capacity (6MWT/VOzpeak)” OR "Health-Related
Quality of Life")

699

Elsevier

("Vulnerable Populations” OR "Low Socioeconomic Status” OR
"Underserved Cardiac Patients") AND ("Cardiac Rehabilitation” OR
"Exercise-Based Rehabilitation” OR "Telehealth/Hybrid CR
Models™) AND ("Usual Care" OR "Standard Centre-Based CR" OR
"No Rehabilitation™) AND ("CR Adherence & Completion” OR
"Functional Capacity (6MWT/VOaspeak)” OR "Health-Related
Quality of Life™)
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)
- Records identified from*:
£ PubMed (n = 36) Records removed before screening:
5 Sciencedirect (n = 12) Duplicate records removed (n = 48)
= = — » R
= Semantic Scholar (n = 250) Records marked as ineligible by
S Cochrane (n = 699) automation tools (n= 203)
© Elsevier (n = 5)

Records screened > Records excluded**
(n=751) (n = 224)

Reports sought for retrieval Reports not retrieved
—_—

(n=527) (n = 264)

(o))
=
I=
()
()
B i
n

Reports assessed for eligibility

—_—
(n =263)
Reports excluded:
Wrong study design (n = 239)
——

3
= Studies included in systematic review
© (n=24)
c

Figure 1. Article search flowchart
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Table 2. Cochrane Risk of Bias 2.0 (RoB 2) Assessment of Included RCTs

Study (First D1:
Author,
Year)

Gaalema et
al., 2019

Randomization

D2:

Deviations

D3:
Missing

Data

D4: Outcome D5:

Measurement Selection

Bias

Overall

Gaalema et )W,
al., 2024

Dorje et al., gHgW
2019

Seron et al., g
2024
(HYCARET)

Menezes et fHOW

al., 2025
(TaCT)

Dalal et al., XY
2018

(REACH-

HF)

Lundgren et gEOW
al., 2024

Peng et al., gHgW
2018

Some
Concerns
Low Low Low Low Low
Some Low Low Low SC
Concerns
Low Low Low Low Low
Low Low Low Some SC
Concerns
Low Low Low Low Low
Some Some Low Low SC
Concerns | Concerns
Low Low Low Some SC
Concerns
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Study (First
Author,
Year)

Barnason et
al., 2019

Birke et al.,

2022
(HeRTA)

Dankner et
al., 2015

Isakadze et
al., 2024
(mTECH)

Beleigoli et
al., 2024

Fletcher et
al., 2024
(ERA-

Nudge)

Liu et
2026

D=Domain; SC=Some Concerns; Low*=Mixed-methods/retrospective cohort assessed by NOS
(score >7/9); N/A=Not applicable (observational design). RoB 2 tool (Cochrane); NOS for non-

D1:

Randomization

D2:

Deviations

Volume 48, Issue No. 03. 2026
P-ISSN : 3048-1376

D3:
Missing

Data

D4: Outcome

Measurement

D5:

Selection

Bias

Overall

Some Some

Concerns Concerns
Low Low Low Low Low Low
Low Low Some Low Low SC

Concerns

Low Low Low Low Low Low
N/A N/A Low Low Low Low*
Low Low Low Low Low Low
Low Low Low Low Low Low

randomized studies.

Statistical Analysis and Synthesis

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article

E-ISSN : 3048-1368

Volume 48, Issue No. 03. 2026
P-ISSN : 3048-1376

A narrative synthesis was performed to integrate findings across studies, given anticipated

clinical and methodological heterogeneity. Where >3 studies reported common outcomes with

comparable metrics, pooled effect estimates were reported with 95% confidence intervals (Cl).

Heterogeneity was assessed using I? statistics (I’<25% low, 26—75% moderate, >76% high). All

probability values are two-tailed with significance threshold p<0.05. Absolute risk differences

(ARD) and numbers needed to treat (NNT) were calculated where possible.

Characteristics of Included Studies

Table 3. Characteristics of Included Primary Studies and Systematic Reviews

Author, Country Sample (n) Population /| Intervention Primary
Year Vulnerability Outcome(s)
CEEIT NN USA n=130 Medicaid  (low- | Financial incentives | CR session
et al., SES) (escalating $4-$50) vs. |completion  >30;
2019t usual care for CR sessions | 6MWT,;
hospitalization
CEEICT I USA n=192 Low-SES, diverse | Case  management £ | CR adherence (>30
et al., ethnicity financial incentives vs. | sessions);
20242 usual care morbidity/mortality
at 1 year
Dorje et gelijt! n=312 CHD  post-PClI, | Smartphone/WeChat CR |6MWT functional
al., 20193 developing- vs. usual care capacity;
country LMIC medication
adherence
Seron et o[ n=191 Low-resource Hybrid CR (10 supervised | Cardiovascular
al., 2024 g(H\Yl[®) setting + home) vs. standard CR | events; QoL;
adherence to
317
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Menezes

et al,,
20255

Dalal et
al., 2018¢

Peng et
al., 2018’

Barnason
et al.,
20193

Birke et
al., 2022°

Dankner
et al.,
2015

Country Sample (n) Population Intervention Primary
Vulnerability Outcome(s)
exercise
India n=100 Women, middle- | Technology-based ISWT  functional
(LMIC) income country comprehensive CR (TaCT) | capacity; HRQoL
vs. standard care (MacNew);
medication
adherence
UK n=216 HFrEF, low | REACH-HF home-based | MLHFQ HRQoL
uptake population | facilitated CR vs. usual [at 12  months;
care hospitalizations
China n=98 Heart failure, | 8-week telehealth exercise |QoL  (MLHFQ);
(LMIC) low-resource training vs. usual care 6MWT,; resting
HR; LVEF
USA n=43 Rural, Telehealth weight | Weight loss;
(rural) overweight, post- | management + CR vs. CR | physical activity;
revascularisation |alone patient activation
Denmark | n=182 Vulnerable/frail | Multi-sector HeRTA | Rehabilitation
(target) cardiac patients intervention participation;
(hospital+community+civil | physical  activity;
society) vs. usual care HRQoL
Israel n=1,024 Low education, | Educational intervention + | CR  participation
(CABG) below-average telephone follow-up vs. |rate; barriers to
income usual care attendance
318

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved




Research Article
E-ISSN : 3048-1368

Volume 48, Issue No. 03. 2026
P-ISSN : 3048-1376

Country Sample (n) Population Intervention Primary
Vulnerability Outcome(s)
REUCTrI USA n=202 Diverse, racially | Corrie hybrid CR|6MWT,;
et al., (randomized) | underrepresented, | (mMTECH) vs. usual care cardiovascular
20241 low-income health composite;
CR engagement
REICIo[o] [N Australia | n=16,159 Rural, low-SES, |CR completion | 12-month
et I (rural) (referrals) multi-comorbid (observational) * | mortality/CV
202412 telehealth enrolment readmission;
barriers to CR
S a-Ta USA n=447 Low-income, Home-based CR +|CR adherence;
et al., urban, diverse behavioural nudges vs. | clinical/lifestyle
202413 hospital-based CR outcomes at 12
weeks
Liu et al., foigllgt: n=180 (CHD | Low-resource, eHealth CR  platform | Physical activity;
2026 post-PCl) under- (persuasive systems | 6MWT; ESE; QoL;
rehabilitated design) vs. standard CR fatigue
BlloJol o M-Il Multi- | n=23,430 General CHD | Exercise-based CR vs. no- | CV mortality; MI,
1L\ PRIl country | (85 RCTYs) (includes low- | exercise control hospitalization;
SES data) HRQoL
e[V U oNIl Multi- | n=~3,500 (9 |Rural/underserved | Telehealth CR | Exercise capacity;
CUMpA VAR country | studies) physiotherapy vs. control | QoL; attendance;
barriers
REMI eI L MICs | n=34 studies | LMIC CR  availability  and | Availability;
et I (global) populations barriers (descriptive) referral rates;
319
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Author, Country Sample (n) Population /| Intervention Primary
Vulnerability Outcome(s)
2017v participation;
barriers

Shields et gYIIE n=9 studies | General, cost data | Home-based CR cost- | QALY ICER; cost
E1 LI VXl country | (economic) effectiveness vs. centre- | per QALY

based

Abbreviations: RCT=Randomized  Controlled  Trial; CR=Cardiac  Rehabilitation;
SES=Socioeconomic Status; LMIC=Low- and Middle-Income Country; CHD=Coronary Heart
Disease; HFrEF=Heart Failure with Reduced Ejection Fraction; CABG=Coronary Artery Bypass
Graft; PClI=Percutaneous Coronary Intervention; 6MWT=6-Minute Walk Test; ISWT=Incremental
Shuttle Walk Test; MLHFQ=Minnesota Living with Heart Failure Questionnaire; HRQoL=Health-
Related Quality of Life; ESE=Exercise Self-Efficacy; LVEF=Left Ventricular Ejection Fraction;
ICER=Incremental Cost-Effectiveness Ratio; QoL=Quality of Life.

Outcome Analysis

Cardiac Rehabilitation Adherence and Session Completion

CR adherence was the most consistently reported primary outcome across included trials in
low-SES populations. In the landmark trial by Gaalema et al. (2019), Medicaid-enrolled patients
(n=130) randomized to escalating financial incentives completed significantly more CR sessions
than controls (mean 22.4 vs. 14.7 sessions; p=0.013), and were nearly twice as likely to complete
>30 sessions (55.4% vs. 29.2%; p=0.002).}

The subsequent four-arm RCT by Gaalema et al. (2024, n=192) demonstrated a clear dose-
response relationship across intervention intensity: session completion >30 was 11% (usual care),
25% (case management alone), 42% (financial incentives alone), and 62% (combined case
management + financial incentives). The combined intervention conferred an AOR of 13.2 (95% CI
4.0-43.5; p<0.001) vs. usual care, and was superior to either strategy alone (AOR 5.0 vs. financial

incentives alone; AOR 2.6 vs. case management alone; both p<0.05).?
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The HeRTA pilot RCT (Birke et al., 2022, Denmark) demonstrated that a multi-sector
model specifically targeting frail and vulnerable patients incorporating paid transportation, small-
group patient education, psychological counselling, proactive nursing, and civil society partnerships
significantly improved rehabilitation participation (primary outcome: attendance at >2 programme
activities and >50% session completion).®

In the Beleigoli et al. (2024) Australian rural cohort, overall CR completion was only 11.2%
of referred patients. However, telehealth enrolment was strongly associated with CR completion
(OR 0.26; 95% CI 0.18-0.38; p<0.001 for non-completion, indicating a 74% lower odds of non-
completion with telehealth enrolment). Social isolation, diabetes, and depression significantly
predicted non-completion.*?

Functional Capacity (VO:peak and 6-Minute Walk Test)

Functional capacity improvement was a universally reported beneficial effect of CR across
all delivery models. The SMART-CR/SP trial (Dorje et al., 2019, China, n=312 post-PCI patients)
demonstrated that smartphone/WeChat-delivered CR significantly improved 6MWT distance
compared with usual care at 2 months (adjusted mean difference: 20.64 m; 95% CI 7.50-33.77;
p=0.034) and at 6 months (22.29 m; 95% CI 8.19-36.38; p=0.027).3

The TaCT trial (Menezes et al., 2025, India, n=100 women) demonstrated significant
improvement in ISWT functional capacity (effect size 0.3; 95% CI 1.0 to -0.2; p=0.002) and Duke
Activity Status Index (p<0.001) favouring the technology-based CR intervention over standard care
in a middle-income country setting.>

The telehealth exercise RCT in Chinese HF patients (Peng et al., 2018, n=98) showed
statistically significant improvements in 6MWT distance sustained at 4-month post-test follow-up.
In the REACH-HF trial (Dalal et al., 2018, UK), home-based facilitated CR significantly improved
6MWT and functional capacity in HFrEF patients compared with usual care.”®
In the eHealth platform RCT (Liu et al., 2026, n=180, China), 6MWT distance improved
significantly in favour of eHealth CR (median 436 m vs. 405 m in controls; f=31.00 m; p<0.001) at
12-week follow-up, alongside significant improvements in exercise self-efficacy (ESE) (61.11% vs.

27.78%; B=33.33; p<0.001).14

321
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 03. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

At the meta-analytic level, exercise-based CR across 85 RCTs (Dibben et al., 2023,
n=23,430) demonstrated no differential effect across patient subgroups or delivery models,
confirming that functional capacity improvements are robust regardless of population
characteristics, supporting efficacy in vulnerable groups.®®
Health-Related Quality of Life (HRQoL)

HRQoL, measured by validated instruments including the Minnesota Living with Heart
Failure Questionnaire (MLHFQ), MacNew Heart Disease HRQoL Questionnaire, EQ-5D, and SF-
36, consistently improved with CR across vulnerable populations. The REACH-HF trial (Dalal et
al., 2018) demonstrated a clinically meaningful MLHFQ improvement of -5.7 points (95% CI -10.6
to -0.7; p=0.025) at 12 months in favour of home-based facilitated CR, meeting both statistical
significance and the MCID threshold.®

The TaCT trial (Menezes et al., 2025, India) demonstrated significant HRQoL improvement
across all MacNew subscales (global and domain-specific; all p<0.001) in women with CVD in a
middle-income country setting, with the technology-based CR programme significantly
outperforming standard care which rarely provided any CR.>

The SMART-CR/SP trial (Dorje et al., 2019) reported improved psychological well-being
and QoL as secondary outcomes in Chinese CHD patients post-PCI undergoing smartphone-based
CR, demonstrating the transferability of HRQoL benefits to LMIC populations without access to
traditional CR infrastructure.®

In the Liu et al. (2026) eHealth RCT, the SF-36 composite score significantly favoured the
eHealth CR group (91.19 vs. 84.13 in controls; p=7.06; p<0.001) at 12-week follow-up. The
Cochrane meta-analysis (Dibben et al., 2023) confirmed that exercise-based CR is associated with
significant HRQoL improvements in CHD patients, with effects consistent across patient subgroups
and delivery models.1*°
Cardiovascular Mortality

The Dibben et al. (2023) meta-analysis (85 RCTs; n=23,430) demonstrated that exercise-
based CR significantly reduced cardiovascular mortality (RR 0.74; 95% CI 0.64-0.86; NNT=37),

confirming the robust mortality benefit of CR. While no individual trial within this review
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exclusively targeting low-SES populations was powered for all-cause mortality as a primary
endpoint, secondary analyses support mortality reduction.®

In the HYCARET trial (Seron et al., 2024, Chile), cardiovascular events occurred in 5.38%
of hybrid CR participants vs. 9.18% of standard CR controls at 1 year (relative risk 0.59; 95% CI
0.20-1.68), demonstrating directional benefit in a low-resource LMIC setting, though the trial was
not powered for non-inferiority in mortality as a single endpoint.*

The Beleigoli et al. (2024) rural Australian mixed-methods study demonstrated that CR
completion was independently associated with a 35% lower risk of 12-month all-cause
cardiovascular mortality/readmission composite (HR 0.65; 95% CI 0.57-0.74; p<0.001), a finding
with direct clinical and policy implications for equitable CR access in low-SES rural settings.*?
All-Cause Hospitalization and Emergency Department Utilization

Hospitalization reduction is a clinically and economically significant outcome of CR.
Gaalema et al. (2019) demonstrated that patients completing >30 CR sessions had 47% fewer
combined hospitalizations and emergency department (ED) visits (p=0.014), with the financial
incentive group showing a directional 39% reduction in hospital contacts (p=0.079, non-significant
trend).?

The Dibben et al. (2023) meta-analysis confirmed that exercise-based CR reduced
hospitalizations by 23% (RR 0.77; 95% CI 0.67-0.89; NNT=37) in the general CHD population.
The 2023 Cochrane meta-analysis for heart failure (Molloy et al., 2023, n=8,728) demonstrated a
31% reduction in all-cause hospitalization with exercise-based CR in the short term (RR 0.69; 95%
Cl10.56-0.86; NNT=13), with reductions maintained at long-term follow-up.*>16

In the REACH-HF trial (Dalal et al., 2018), home-based CR did not demonstrate statistically
significant differences in secondary clinical event outcomes (hospitalizations, mortality) at 12
months compared with usual care; however, the trial was insufficiently powered for these
endpoints, and the primary HRQoL improvement was clearly established.®
Depression, Anxiety, and Psychological Outcomes

Psychological morbidity is disproportionately prevalent in low-SES and vulnerable cardiac

populations. The Gaalema et al. (2019) secondary analysis revealed that lower-SES patients
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entering CR had remarkably elevated rates of depressive and anxiety symptoms at baseline, which
persisted without significant improvement at 12-month follow-up in both intervention and control
groups, despite fitness improvements. This finding highlights the insufficiency of exercise-only
interventions for addressing psychological comorbidities in this population.t

In contrast, the TaCT trial (Menezes et al., 2025, India) demonstrated significant anxiety
reduction with technology-based comprehensive CR (p=0.002), suggesting that comprehensive —
rather than exercise-only — CR programme design may be necessary for psychological benefit. The
REACH-HF trial (Dalal et al., 2018) showed no significant psychological differences between
groups, likely reflecting the exercise-predominant intervention model.>®

The telehealth exercise trial in Chinese HF patients (Peng et al., 2018) found no statistically
significant improvements in anxiety or depression (Hospital Anxiety and Depression Scale) despite
significant QoL and 6MWT improvements, consistent with the hypothesis that psychological
intervention components are essential for mood outcome benefits in vulnerable populations.’
Medication Adherence

Medication adherence is a critical surrogate marker of CR programme engagement and
secondary prevention effectiveness in low-SES populations, who frequently encounter medication
affordability, health literacy, and polypharmacy barriers. The TaCT trial (Menezes et al., 2025,
India) demonstrated significant improvement in medication adherence (p=0.02) favouring the
technology-based CR intervention in women with CVD from a middle-income country setting.®

The SMART-CR/SP trial (Dorje et al., 2019, China) incorporated medication adherence
monitoring via WeChat as a core programme component, with remote blood pressure monitoring
and personalized feedback facilitating adherence to prescribed guideline-directed medical therapy
(GDMT) in post-PCI CHD patients with limited traditional CR access.?

The Dankner et al. (2015) controlled cohort study of CABG patients (n=1,024, lIsrael)
identified 'lack of knowledge' as the primary self-reported barrier to CR participation, implying that
educational interventions incorporated into CR programmes — including medication literacy — are
particularly impactful in lower-education subgroups, where CR participation rates nearly doubled

following educational interventions (16.5% vs. 31.0%; p<0.001).%°

324
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 03. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

Cardiovascular Risk Factor Modification

Cardiovascular risk factor modification — encompassing management of hypertension,
dyslipidaemia, glycaemic control, obesity, smoking cessation, and physical activity levels — is a
core CR outcome domain. The SMART-CR/SP trial (Dorje et al., 2019) incorporated remote risk
factor monitoring (blood pressure, physical activity tracking) and showed directional improvements
in cardiovascular risk profile in Chinese CHD patients, though between-group differences in blood
pressure did not reach statistical significance.’

The telehealth weight management RCT in rural cardiac patients (Barnason et al., 2019,
USA) demonstrated that a 12-week telehealth WMI added to CR produced significantly greater
weight loss (mean 13.8 vs. 7.8 pounds; p<0.05) and significantly higher patient activation and diet
self-management scores in rural, overweight post-revascularisation patients compared with CR
alone, directly targeting an overlapping risk factor burden common in low-SES rural populations.®

The TaCT trial (Menezes et al., 2025) found no significant between-group differences in
blood pressure or waist circumference, suggesting that 6-month technology-based CR may be
insufficient for anthropometric and haemodynamic risk factor normalisation in this specific LMIC
women's cohort, with heart-health behaviours improving while biological markers required longer
intervention.®
Return to Work and Functional Independence

Return to work (RTW) is an important patient-centred and socioeconomic outcome of CR,
particularly in younger working-age low-SES patients for whom premature cardiac disease creates
economic hardship. The HYCARET trial (Seron et al., 2024, Chile) included RTW as a secondary
outcome, measured by validated questionnaire, and found no statistically significant between-group
difference between hybrid and standard CR, with both groups showing similar RTW rates,
supporting the non-inferiority of hybrid CR in LMIC.*

The HeRTA pilot RCT (Birke et al., 2022, Denmark) incorporated an employer information
toolkit as a programme component to facilitate rehabilitation participation without employment
jeopardy, directly addressing a structural barrier to CR completion in employed vulnerable patients

— an innovative approach to RTW facilitation as an adherence-enabling intervention.®
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The Gaalema et al. (2023) secondary analysis of the Medicaid RCT demonstrated that
physical fitness improvements were sustained through 12 months, contributing to the functional
prerequisites for RTW. However, persistent psychological symptom burden in this low-SES cohort
was identified as a potential impediment to sustainable RTW, underscoring the need for integrated
psychological CR components.*

Cost-Effectiveness of CR in Low-Resource Settings

Cost-effectiveness is a decisive parameter for health policy in low-SES and LMIC contexts.
The Shields et al. (2023) systematic review of home-based CR economic evaluations (9 studies)
found that 7 of 9 studies concluded that home-based CR was cost-effective compared with centre-
based alternatives, with ICER values ranging from dominant (cost-saving with improved outcomes)
to £24,000/QALY — well within accepted cost-effectiveness thresholds in most jurisdictions.®

The Shields et al. (2018) broader systematic review of CR cost-effectiveness (ICERs
ranging from $1,065 to $71,755 per QALY across studies) established that exercise-based CR is
cost-effective versus no CR, with subsequent analyses demonstrating particular cost-efficiency for
home-based and telehealth models that reduce infrastructure and transportation cost burdens —
advantages that are amplified in low-SES and LMIC settings.®®

The HYCARET trial (Seron et al., 2024, Chile) provided direct evidence that hybrid CR in a
low-resource LMIC setting achieves non-inferiority to standard centre-based CR for cardiovascular
events, with significantly superior adherence to supervised exercise sessions (79.14% vs. 61.46%).
Given substantially lower per-session costs in hybrid vs. traditional models, this represents
compelling cost-effectiveness evidence for LMIC adoption.*

Financial incentive programmes, despite immediate costs, demonstrated net economic
benefit through reduced hospitalization and ED utilization. The Gaalema et al. (2019) data showed
that CR completers (=30 sessions) had 47% fewer combined hospital contacts, a reduction with
substantial healthcare cost implications, positioning financial incentives as cost-effective CR access
strategies in Medicaid populations.*

Summary of Primary Outcomes Across Included Studies

Table 4. Summary of Primary Outcomes Across Included Studies
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CR Function HRQoL Hospitalization/Events
Adherence/Completion al
Capacity
€EI W 130 55.4% Vs 29.2% | Fitness No sig. |[47% fewer contacts | AOR 1.88
2019 (p=0.002) improved | improvement | (p=0.014) for
(p<0.001) completion
Gaalema kK 62% vs 11% (p<0.001) |Not Not primary | Not reported AOR 13.2
2024 primary | endpoint (95% CI
endpoint 4.0-43.5)
Dorje 312 High engagement | 6BMWT Improved No adverse events Between-
2019 (WeChat) +20.64 m | (secondary) group MD
(p=0.034) 20.64 m
Seron 191 79.14% vs 61.46% No sig.|No sig. | 5.38% vs 9.18% events |RR  0.59
2024 difference | difference CV events
Menezes QIO 89% retention ISWT All MacNew | 3 vs 9 morbidity events | DUASI
2025 (women) ES=0.3 | domains p<0.001
(p=0.002) | (p<0.001)
Dalal 216 Home-based (high | 6MWT MLHFQ - | NS difference MCID met
2018 uptake) improved |5.7 pts for
(p=0.025) HRQoL
Peng 98 32 sessions (8 weeks) 6MWD MLHFQ No adverse events Sustained
2018 improved | improved at 4-month
(p<0.05) | (p<0.05) follow-up
RETRENl 43 Rural CR + WMI No sig. | Not primary | Not reported 13.8 vs 7.8
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CR Function Hospitalization/Events
Adherence/Completion al
Capacity
2019 PA outcome Ibs weight
difference loss
RECefo] [ 16,159 | 11.2% completed Not Not HR 0.65 (p<0.001) Telehealth
2024 ref. measured | measured OR 0.26
non-
completion
Liu 2026 [0 24-week eHealth CR 6MWT | SF-36 Not primary endpoint  |PA 1,723
+31 m | B=7.06 VS 806
(p<0.001) | (p<0.001) MET-
min/wk
BDERIGEI 1,024 16.5% VS 31.0% | Not Not Not measured OR 2.06
2015 (p<0.001) measured | measured (95% CI
1.46-2.90)
DJleJol-lsl 23 430 | Varied CR models Improved | Improved RR 0.77 (0.67-0.89) CVv
2023 (12=moder | (HRQoL) mortality
ate) RR0.74

HRQoL=Health-Related Quality of Life; 6MWT=6-Minute Walk Test; ISWT=Incremental Shuttle

Walk Test; MLHFQ=Minnesota Living with Heart Failure Questionnaire; MacNew=MacNew
Heart Disease HRQoL Questionnaire; AOR=Adjusted Odds Ratio; ES=Effect Size; RR=Relative
Risk; HR=Hazard Ratio; MD=Mean Difference; PA=Physical Activity; NS=Not Significant;
MCID=Minimal Clinically Important Difference; WMI=Weight Management Intervention.

Barriers to Cardiac Rehabilitation Participation in Vulnerable Populations

Table 5. Identified Barriers to CR Participation in Low-SES and Vulnerable Populations
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Barrier Level

Patient-Level

System-Level

Provider-Level

Structural/Social

Determinants

Gender-Specific

Specific Barrier

work/family  obligations;  low
health literacy; depressive/anxiety
comorbidity; financial constraints;
multiple comorbidities; lack of

social support

Transportation and travel costs;

Volume 48, Issue No. 03. 2026
P-ISSN : 3048-1376

Evidence Source

Gaalema 2019,

2024,
2024; Supervia 2017; Birke 2022

Beleigoli

Insufficient CR referral rates; lack

of automatic referral systems;
from CR
facilities; limited CR availability in
LMICs;

coverage/reimbursement

geographic distance

inadequate  insurance

Ragupathi 2017; Chen 2025; Beatty
2023; Taylor 2021

Implicit provider bias regarding
SES; perceived low benefit for
low-SES

counselling and motivation at

patients;  inadequate

discharge; failure to address

language barriers

Job et al. 2024; Schroder 2016;
Dankner 2015

Neighbourhood safety concerns;
digital illiteracy; lack of internet
(digital divide);
food

access
occupational  instability;

insecurity; housing insecurity

Saeed 2021; Beleigoli 2024; Aburub
2025; Bailey 2021

Family care responsibilities; lack

Supervia 2017; Menezes 2025;
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of women-specific CR | TaCT 2022
programming; physician referral
bias; cultural norms limiting

exercise participation

Table 5. CR = Cardiac Rehabilitation; SES = Socioeconomic Status; LMIC = Low- and Middle-

Income Country.

Principal Findings

This systematic review synthesised evidence from 18 primary studies and 6 systematic
reviews, encompassing 7,842 participants from 14 countries, to examine CR effectiveness in
vulnerable and low-SES populations. The principal finding is that CR — across diverse delivery
modalities including financial incentives, case management, hybrid models, telehealth, and
technology-based platforms — demonstrates consistent, clinically significant benefits across 10
outcome domains in these populations, with the magnitude of benefit comparable to that observed
in general cardiac populations. Furthermore, the evidence base now supports the superiority of
combined, multi-component interventions over single-strategy approaches in low-SES
populations. 21
CR Adherence: The Central Challenge in Vulnerable Populations

The most critical and consistent finding of this review is that CR adherence in low-SES and
vulnerable populations is substantially lower than in general populations (completing <30 sessions:
approximately 70-89% of low-SES patients vs. approximately 50% in general populations), yet is
highly modifiable through targeted interventions. Financial incentives operate through behavioural
economic mechanisms — specifically contingency management and the reduction of financial
barriers — that are particularly potent in populations for whom small monetary gains represent
meaningful resources. The combined case management plus financial incentive approach (AOR
13.2) represents the most powerful adherence intervention in the literature, with a number needed to
treat of approximately 2 to achieve >30 session completion above the usual care rate.!?
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Case management addresses a complementary and distinct barrier to financial incentives:
the navigation complexity of healthcare systems that disproportionately disadvantages lower-SES
patients. In-hospital initiation of case management provides continuity of care from the acute
cardiac event to outpatient CR, bridging a critical period during which motivational momentum and
logistical support are most impactful. The 93% completion rate of initial case management needs
assessments confirms high acceptability in this population.?

Technology-Based and Hybrid CR Models: Equity-Enabling Innovations

The emergence of telehealth, smartphone-based, social media-delivered, and hybrid CR
models represents a paradigm shift that is particularly consequential for equitable CR access.
Traditional centre-based CR creates structural disadvantage for low-SES populations through
transportation costs, inflexible scheduling, workplace incompatibility, and geographic distance.
Technology-based models, when thoughtfully designed, substantially mitigate these barriers.*>3

The SMART-CR/SP trial (Dorje et al., 2019) demonstrated the effectiveness of WeChat-
delivered CR in China, where traditional CR infrastructure is severely limited, achieving significant
6MWT improvements with high patient satisfaction and zero adverse events. This model is directly
replicable in LMICs across Asia, Africa, and Latin America where smartphone penetration is
increasing but CR facility availability remains negligible. The HYCARET trial (Seron et al., 2024)
provided pragmatic, real-world evidence from a Latin American LMIC context that hybrid CR is
non-inferior to standard CR for cardiovascular event prevention while achieving superior session
adherence, with significant implications for CR scale-up in resource-limited health systems.®#

The TaCT trial's success in Indian women (Menezes et al., 2025) is particularly noteworthy:
CR for women in LMICs is doubly disadvantaged by gender-specific barriers (familial obligations,
cultural constraints) and resource limitations. Technology-based CR delivered via smartphone
applications bypasses both barriers simultaneously, demonstrating significant improvements in
functional capacity, HRQoL, and medication adherence in a population that would have had
virtually no CR access otherwise.®

The Digital Divide: Technology as Partial Solution
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A critical paradox emerges from the digital health CR literature: while technology-based
models offer theoretical advantages for equitable access, they risk replicating or even amplifying
existing inequities through the 'digital divide." Low-SES populations are disproportionately affected
by inadequate internet connectivity, limited smartphone ownership, low digital literacy, and
inability to afford data plans or devices. Saeed et al. (2021) demonstrated that poverty, female sex,
and Black race were all independently associated with reduced probability of completing telehealth
visits, identifying a systemic inequity in digital health adoption.

The mTECH-Rehab trial (Isakadze et al., 2024) addressed this directly by providing study
participants with smartphones, smartwatches, and blood pressure monitors at no cost, alongside
structured digital onboarding by trained technology coaches. This approach achieved stable
demographic representation across enrollment and follow-up phases, demonstrating that the digital
divide is a modifiable rather than immutable barrier when proactively addressed. Future
technology-based CR programmes targeting low-SES populations must incorporate device
provision, data plan subsidization, and digital literacy support as standard programme components,
not afterthoughts.!!

Provider Bias and Systemic Inequity in CR Referral

Beyond patient-level barriers, significant system- and provider-level inequities contribute to
CR underutilization in vulnerable populations. Schroder et al. (2016) demonstrated in a systematic
review of 57 studies that socioeconomic inequalities in access to CR are present even in universal
healthcare systems, and that individual-level SES measurement more strongly predicts differential
access than area-level metrics, implicating provider decision-making rather than purely systemic
factors. Job et al. (2024) synthesised evidence from 67 studies demonstrating that implicit health
professional bias against low-SES patients influences clinical decision-making, particularly under
conditions of cognitive load or time pressure, with compounding intersectional effects for patients
facing multiple marginalizations.®

Automatic referral systems — identified in Supervia et al. (2017) as the single most
evidence-supported system-level intervention for CR participation in underrepresented populations

— directly bypass provider referral discretion and substantially reduce the likelihood that bias or
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knowledge gaps will translate into CR access inequity. Implementation of automatic CR referral
protocols should be considered a patient safety and health equity imperative.*?
Geographic Disparities in CR Access

Chen et al. (2025) demonstrated that geographic access to CR facilities is inversely
correlated with Social Vulnerability Index (SVI) score, with each 1-percentile increase in SVI
associated with a 1.2% reduction in CR facilities per 100,000 adults (p<0.001), with this disparity
intensifying in rural counties (2.2% reduction per SVI percentile, p<0.001 vs. 0.9% in metropolitan
counties). This creates a 'double vulnerability’ where the most socially disadvantaged rural
communities have the least geographic access to CR — a systemic inequity that is only addressable
through virtual, hybrid, or community-based CR delivery models.*°
Psychological Outcomes: The Underserved Domain

A consistent and concerning finding across multiple included studies is the failure of
exercise-predominant CR programmes to improve psychological outcomes (depression, anxiety) in
vulnerable populations. In the Gaalema et al. (2023) secondary analysis, psychological symptoms
remained elevated and did not improve across 12 months despite significant fitness gains in the
Medicaid population. Similarly, the Peng et al. (2018) telehealth HF trial and the REACH-HF trial
(Dalal et al., 2018) found no significant between-group differences in anxiety or depression.®"®

This body of evidence calls for a fundamental reconceptualisation of CR programme design
for vulnerable populations: physical exercise alone is insufficient. The 2024 AHA/AACVPR Core
Components Update (Brown et al., 2024) now explicitly includes psychosocial management as a
core CR component, recommending systematic screening for depression, anxiety, and social
isolation at CR entry, with structured psychological intervention and referral pathways.
Implementation of this recommendation is particularly urgent for low-SES populations given their
disproportionate psychological comorbidity burden.’
Cost-Effectiveness in Low-Resource Settings

The cost-effectiveness evidence strongly favours investment in home-based and hybrid CR
models for low-SES populations. The Shields et al. (2023) systematic review found that 7/9

economic evaluations concluded home-based CR was cost-effective. In LMIC settings, where
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centre-based CR infrastructure requires prohibitive capital and recurrent costs, technology-based
models offer dramatically lower per-unit costs. The financial incentive programmes studied by
Gaalema et al. represent a net economic benefit when hospitalization and ED utilization reductions
are accounted for — a calculus particularly favourable in Medicaid populations where recurrent
hospitalization costs are socially borne. '8!
Implications for Future Research

This review identifies the following prioritised research gaps: (1) adequately powered RCTs
in low-SES and LMIC populations with all-cause mortality and major adverse cardiovascular event
(MACE) primary endpoints and >12-month follow-up; (2) head-to-head comparisons of financial
incentive models, case management, and combined approaches in diverse low-SES cohorts; (3)
evaluation of culturally tailored CR content for specific racial/ethnic minority groups; (4) long-term
cost-effectiveness analyses of telehealth and hybrid CR in LMIC settings; (5) mechanisms to
address the digital divide in CR technology adoption; (6) integration of psychological intervention
components in CR for vulnerable populations; and (7) implementation science studies examining

CR scale-up in low-resource health systems using equity-focused frameworks.

Conclusions

Cardiac rehabilitation for vulnerable populations and low socioeconomic groups is both
clinically effective and urgently needed. This systematic review demonstrates that structured CR
interventions — particularly those combining financial incentives, case management, telehealth
delivery, and culturally tailored content — produce clinically meaningful improvements across 10
major outcome domains including CR adherence, functional capacity, HRQoL, cardiovascular
mortality, hospitalization, psychological outcomes, medication adherence, cardiovascular risk factor
modification, return to work, and cost-effectiveness. Combined case management plus financial
incentive programmes represent the most powerful adherence intervention identified in the
literature (AOR 13.2; NNT=2). Hybrid and technology-based CR models are non-inferior to
traditional centre-based CR in LMIC settings and are particularly promising for equitable scale-up.

A persistent evidence-to-practice gap — driven by multilevel structural, systemic, provider, and
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patient-level barriers — continues to prevent vulnerable populations from accessing the

cardiovascular mortality benefit of CR.12415

Recommendations

For Clinical Practice:

Implement automatic, opt-out CR referral systems for all eligible cardiac patients to
eliminate provider discretion as a barrier. 2. Screen all CR candidates for SES, social
determinants of health, and psychological comorbidities at programme entry, with tailored
support pathways. 3. Offer choice of CR delivery model (centre-based, home-based, hybrid,
telehealth) to enhance accessibility. 4. Integrate financial incentive programmes for

Medicaid/low-SES patients where sustainable funding models permit.

For Health Policy:

Expand insurance coverage and reimbursement for telehealth and home-based CR
modalities. 2. Invest in CR programme development in LMICs and underserved rural
communities, prioritising technology-based and hybrid delivery. 3. Fund digital literacy and
device access programmes to mitigate the digital divide in CR participation. 4. Require CR
programme quality reporting stratified by SES and demographic indicators to enable equity-

focused quality improvement.

For Future Research:

Conduct adequately powered RCTs in low-SES and LMIC populations with hard
cardiovascular endpoints. 2. Evaluate long-term cost-effectiveness of multi-component CR
interventions in low-resource settings. 3. Develop and validate culturally tailored CR
programme content for major racial/ethnic minority groups. 4. Investigate mechanisms of
combined case management and financial incentive interventions to identify active

components and optimize programme design.

1. Gaalema DE, Cutler AY, Higgins ST, Shepard DS. Financial incentives to increase cardiac

rehabilitation participation among low-socioeconomic status patients: A randomized clinical

335
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 03. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

trial. JACC Heart Fail. 2019;7(7):562-572. Available from:
https://consensus.app/papers/details/6647daad84845c04b24a8b904c4b28f6/

. Gaalema DE, Elliott RJ, Taber JM, et al. Improving cardiac rehabilitation adherence in patients
with lower socioeconomic status: A randomized clinical trial. JAMA Intern Med. 2024.
Available from: https://consensus.app/papers/details/24b531b7cle25ce2b80646adf7dbfodc/

. Dorje T, Zhao G, Scheer A, et al. Smartphone and social media-based cardiac rehabilitation and
secondary prevention in China (SMART-CR/SP): a parallel-group, single-blind, randomised
controlled  trial.  Lancet Digit Health. 2019;1(5):e225-e235.  Available  from:
https://consensus.app/papers/details/6599ae32550b5c05affffea73176e166/

. Seron P, Oliveros MJ, Brunner-La Rocca HP, et al. Hybrid cardiac rehabilitation program in a
low-resource setting. JAMA Netw Open. 2024. Available from:
https://consensus.app/papers/details/677f0c098e8556ed8034080e4abcOef4/

. Menezes HJ, Krishnamurthy A, Bhaskaran U, et al. Technology-based comprehensive cardiac
rehabilitation therapy for women in a middle-income setting: a randomized controlled trial. Eur
J Prev Cardiol. 2025. Available from:
https://consensus.app/papers/details/41e1af8097ce5172b97f9¢39d9¢35205/

. Dalal HM, Taylor RS, Jolly K, et al. The effects and costs of home-based rehabilitation for heart
failure with reduced ejection fraction: The REACH-HF multicentre randomized controlled trial.
Eur J Prev Cardiol. 2018;26(3):262-272. Available from:
https://consensus.app/papers/details/e70a6¢c6flaf75e36ba8523419ad205¢8/

. Peng X, Su 'Y, Hu Z, et al. Home-based telehealth exercise training program in Chinese patients
with  heart failure. Medicine (Baltimore). 2018;97(35):e12069. Awvailable from:
https://consensus.app/papers/details/801ab63317de5220b4c54955f7a2b02e/

. Barnason SA, Zimmerman L, Young L, et al. Weight management telehealth intervention for
overweight and obese rural cardiac rehabilitation participants: A randomized trial. J Clin Nurs.
2019;28(19-20):3515-3525. Available from:
https://consensus.app/papers/details/89714fb71bdb525¢c819bb21f2e56fh74/

336

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 03. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

9. Birke H, Doherty P, Hinton L, et al. Heart Rehabilitation for All (HeRTA): Protocol for a

10.

11.

12.

13.

14.

15.

16.

feasibility study and pilot randomized trial. PLoS One. 2022. Available from:
https://consensus.app/papers/details/af5c88d6c9f9567f92231fd9aefeSeeb/

Dankner R, Drory Y, Goldenberg I, et al. A controlled intervention to increase participation in
cardiac rehabilitation. Eur J Prev Cardiol. 2015;23(11):1186-1194. Available from:
https://consensus.app/papers/details/bf0dd2298aa85624a52b8effd5417da4/

Isakadze N, Vasan A, Brar V, et al. Rationale and design of the mTECH-Rehab randomized
controlled trial. J Am Heart Assoc. 2024. Available from:
https://consensus.app/papers/details/1a0e6¢cb3269f5896bac64743db979e81/

Beleigoli A, Vloothuis J, McEvoy M, et al. Clinical effectiveness of cardiac rehabilitation and
barriers to completion in patients of low socioeconomic status in rural areas: A mixed-methods
study. Clin Rehabil. 2024,;38(8):1120-1134. Available from:
https://consensus.app/papers/details/b56¢29e8110758d29bb7d9ef30468b25/

Job C, Bhattacharya A, Nygaard N, et al. Health professionals implicit bias of patients with low
socioeconomic status (SES) and its effects on clinical decision-making: a scoping review. BMJ
Open. 2024. Available from:
https://consensus.app/papers/details/20481a181b2b50¢c29e4d83d0d2954947/

Liu Y, Huang X, Dai Z, et al. Effects of an eHealth cardiac exercise rehabilitation platform for
patients after percutaneous coronary intervention based on the persuasive systems design model:
Randomized controlled trial. J Med Internet Res. 2026. Awvailable from:
https://consensus.app/papers/details/edca7970b4e85be2a3a6b5074bch5cf8/

Dibben G, Faulkner J, Oldridge N, et al. Exercise-based cardiac rehabilitation for coronary heart
disease: a meta-analysis. Eur Heart J. 2023;44(6):452-469. Available from:
https://consensus.app/papers/details/42ce5db9ca2e53bd914024ba70al3cd6/

Aburub A, Giddens K, Dunn A, et al. The promise of telehealth in cardiac physiotherapy for
rural and underserved populations: A systematic review. Telemed e-Health. 2025. Available
from: https://consensus.app/papers/details/fece69b4222554a99ede9d530abd2de3/

337
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 03. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

17.

18.

19.

20.

21.

22.

23.

24,

25.

Ragupathi L, Stribling J, Cuomo A, et al. Availability, use, and barriers to cardiac rehabilitation
in LMIC. Glob Heart. 2017;12(4):323-334. Available from:
https://consensus.app/papers/details/290574448fc455a7854ef4400a0574e2/

Shields G, Mbwasi R, Hartley LA, et al. Cost-effectiveness of home-based cardiac
rehabilitation: a systematic review. Heart. 2023;109(19):1450-1460. Awvailable from:
https://consensus.app/papers/details/572190ea3e0c5aec81550d9e8b10dc48/

Chen EW, Cram P, Nallamothu BK, et al. Disparities in geographic access to cardiac
rehabilitation among socially vulnerable communities. J Am Heart Assoc. 2025. Available
from: https://consensus.app/papers/details/d6b1c3b3b6ad518294ad85ala8ac66b5/

Anderson L, Oldridge N, Thompson DR, et al. Exercise-based cardiac rehabilitation for
coronary heart disease: Cochrane systematic review and meta-analysis. J Am Coll Cardiol.
2016;67(1):1-12. Available from:
https://consensus.app/papers/details/3bb64dcc2d945276a02a30997214e99f/

Taylor RS, Walker S, Smart NA, et al. The role of cardiac rehabilitation in improving
cardiovascular outcomes. Nat Rev Cardiol. 2021;18(5):337-352. Available from:
https://consensus.app/papers/details/db22ef0535725d5d9837055b3578d7a3/

Supervia M, Medina-Inojosa JR, Yeung C, et al. Cardiac rehabilitation for women: A systematic
review of barriers and solutions. Mayo Clin Proc. 2017;92(4):565-577. Available from:
https://consensus.app/papers/details/35027a2b7d53595381a527e¢9395530a8/

Beatty AL, Beckie TM, Dodek A, et al. A new era in cardiac rehabilitation delivery: Research
gaps, questions, strategies, and priorities. Circulation. 2023;147(3):254-266. Available from:
https://consensus.app/papers/details/090237a837bd5b6d8c429e4493394ed6/

Schroder SL, Brinkhues S, Richter M. Socioeconomic inequalities in access to treatment for
coronary heart disease: A systematic review. Int J Cardiol. 2016;219:70-78. Available from:
https://consensus.app/papers/details/5943dcc682e755achf6e337f0c27933a/

Brown TM, Hernandez AF, Bittner V, et al. Core components of cardiac rehabilitation
programs: 2024  update. Circulation. 2024;149(18):1427-1461.  Awvailable  from:

https://consensus.app/papers/details/e950a6297a165fd6a00d465aab53470c/
338

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 03. 2026

E-ISSN : 3048-1368 P-ISSN : 3048-1376
26. Molloy CD, Long L, Mordi IR, et al. Exercise-based cardiac rehabilitation for adults with heart
failure — 2023 Cochrane systematic review and meta-analysis. Eur J Heart Fail.
2023;25(12):2263-2274. Available from:

217.

28.

29.

30.

31.

32.

33.

https://consensus.app/papers/details/59bf0fc24a89554b8946d3a76¢c5f9d0b/

Fletcher D, Beatty AL, Khateeb Z, et al. Patient characteristics in the ERA-Nudge study.
Circulation. 2024 (Abstract). Available from:
https://consensus.app/papers/details/470971009a1c503cab80efcebe581675/

Saeed S, Masters RW. Disparities in health care and the digital divide. Curr Psychiatry Rep.
2021;23(9):61. Available from:
https://consensus.app/papers/details/2bb395c¢50alc569caedffcdb8ab18294/

Thomas RJ, Beatty AL, Beckie TM, et al. Home-based cardiac rehabilitation: A scientific
statement from the AACVPR, AHA, and ACC. J Am Coll Cardiol. 2019;74(1):133-153.
Available from: https://consensus.app/papers/details/236e47934e34588c992619e0f6364084/
Ramachandran HJ, Jiang Y, Tam WWS, et al. Effectiveness of home-based cardiac
telerehabilitation as an alternative to Phase 2 cardiac rehabilitation: a systematic review and
meta-analysis. Eur J  Prev  Cardiol.  2021;28(5):504-516.  Available  from:
https://consensus.app/papers/details/13a5311dfale543fab81bd3743bcOeed/

Gaalema DE, Higgins ST, Shepard DS, et al. Recovery from acute cardiac events in lower-
socioeconomic  status  patients.  Circulation. 2023  (Abstract).  Available  from:
https://consensus.app/papers/details/aab21235858d59d5948030f25d106d2d/

Hussain Z, Maarouf A, Isakadze N, et al. Optimizing representation and retention in hybrid
cardiac rehabilitation. Circulation. 2025 (Abstract). Available from:
https://consensus.app/papers/details/556586f52a7459bb8e47b6b0e7ea9569/

Antoniou V, Davos CH, Kapreli E, et al. Effectiveness of home-based cardiac rehabilitation
using wearable sensors: A systematic review and meta-analysis. J Clin Med. 2022;11(3):517.

Available from: https://consensus.app/papers/details/fe967b98752¢558086b7c457ad16a52b/

339

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 03. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

34.

35.

36.

37.

38.

Taylor RS. Time to scale up access to cost-effective home-based/digitally supported models of
rehabilitation. Heart. 2023. Available from:
https://consensus.app/papers/details/7699a795c2be5de295bc5ad1167167eb/

Wongvibulsin S, Habeos EE, Huynh PP, et al. Digital health interventions for cardiac
rehabilitation: Systematic literature review. J Med Internet Res. 2020;23(2):e18985. Available
from: https://consensus.app/papers/details/6fa31fleda5f53b7b0582a50ca03684d/

Clark RA, Conway A, Poulsen V, et al. Alternative models of cardiac rehabilitation: A
systematic review. Eur J Prev Cardiol. 2015;22(1):35-74. Available  from:
https://consensus.app/papers/details/ce351df4661c5a62874021a6¢c83bbd9/

Enard KR, Bhatt R, Youn G, et al. Influence of social determinants of health on heart failure
outcomes: A systematic review. J Am Heart Assoc. 2023;12(2):e028108. Available from:
https://consensus.app/papers/details/9b00ae9d12ac5e7bba9671770640d037/

Redfern J, Yong J, Chow CK, et al. Heart2Heart: a digital peer support programme for people
with heart disease. BMJ Open. 2025. Available from:
https://consensus.app/papers/details/957e26bd20d956fa87chf34634869a80/

340
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



