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Abstract

Aim: To evaluate the effect of ‘exercise-based cardiac rehabilitation (CR) on the severity of
angina, health-related quality of life (HRQoL), and exercise capacity in adults living with

microvascularangina (MVA).

Methods: |4 online databases were searched to identify randomized controlled trials (RCTs)
comparing.adults with MVA receiving CR to those receiving a control intervention involving no
exercise. Meta-analyses using random-effects models was used to calculate mean differences or

standardized mean differences (SMD).

Results: Of 15,873 reports identified, five studies (222 participants) were included. Risk of bias
for all outcomes were judged as 'some concerns' or 'high'. Meanages ranged from 51 to 64 years,
and 97.3% were women. Meta-analysis of CR's effect on the severity of angina was not feasible
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due to limited data. Meta-analysis on HRQoL was conducted at the domain level of Short Form-
36 questionnaire (2 RCTs; n=76) and on exercise capacity measured by peak VO, (3 RCTs;
n=101). The HRQoL outcome was classified as 'very low certainty', indicating very little
confidence in the effect estimates. The meta-analysis on exercise capacity showed a clinically
meaningful change in peak VO in favor of CR, with a 4.16mL/kg/min increase in peak VO (SMD
of 1.06, 95% Cl -0.7 to 2.19, very low certainty).

Conclusions CR may improve exercise capacity in patients living with MYA compared to
controls, however the evidence is very uncertain. High-quality RCTs-are needed to rigorously
determine the impact of CR on the severity of angina, HRQoL, and exercise capacity in patients

living with MVA.

Word count: 248 words (max: 250 words)

Lay Abstract:

This review looked at how exercise-based cardiac rehabilitation affects chest pain, quality of life,

and fitness levels in adults living with'microvascular angina.

e Cardiac rehabilitation might help improve fitness levelsin people living with microvascular
angina, however, due to the quality of evidence, we are very uncertain about the true
effect of cardiac rehabilitation.

e More high-quality studies are needed to better understand how cardiac rehabilitation
affects chestpain, quality of life, and fitness levels in adults living with microvascular angina.

Word Count: 80 words (max 250 words)

Key words:

Microvascular angina

Coronary microvascular dysfunction
Syndrome X

ANOCA
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INOCA

Angina

Health-related quality of life
Cardiac rehabilitation
Exercise capacity

Physical activity

Word count: 4,608

Introduction

Ischaemic heart disease (IHD) is the leading cause of premature disability and mortality, affecting
an estimated 200 million people globally."? Angina, the most prevalent symptom of IHD, occurs
due to a mismatch between myocardial oxygen.demand and blood flow to the myocardial muscle,
often during physical activity or emotional stress.’ Historically, it has been linked to obstructive
coronary artery disease.’* However, up to 70% of patients undergoing coronary angiography are
found to have no blood flow-limiting obstructions in the main coronary arteries.’” Ischemia with
non-obstructive coronary artery disease (INOCA) is a prevalent, chronic condition®* associated
with an increased risk of major adverse cardiovascular events and all-cause mortality compared
to individuals without IHD’. Moreover, INOCA is more prevalent in women, with patients
experiencing recurrent angina, low health-related quality of life (HRQol), limited exercise
capacity, and high levels of anxiety and depression, leading to frequent visits to healthcare

seryices.>"!°

Microvascular angina (MVA) is a clinical endotype of INOCA and is characterized by myocardial
ischaemic symptoms due to structural or functional dysfunction in the coronary microvasculature,
leading to impaired coronary flow reserve and/or reduced microcirculatory conductance.’
Additionally, it can result from abnormal vasoconstriction of the coronary arterioles, causing
dynamic arteriolar obstruction.” Despite increasing attention from the medical community, MVA

remains difficult to diagnose, with no specific disease-modifying therapies and a poor prognosis.™"

GZ0Z Yolel\ 61 uo Jesn Ausiaaiun nexoeg spes Aq G059808/06 Liemz/odline/c60 1 01 /10p/elonie-aoueape/odiine/woo dno-olwepeoe//:sdiy Wwolj papeojumod



O OW 00 N O o M WON =

—

11
12
13
14
15
16
17
18
19
20
21
22

23

24
25
26
27

Guidelines for the management of stable coronary syndromes like MVA, advocate for lifestyle
modifications and preventive strategies.”® Notably, they endorse exercise-based cardiac
rehabilitation (CR) programs for their favorable impact on heart health and coronary vasculature,
cost-effectiveness, and low incidence of adverse events.” Comprehensive CR programs
incorporate exercise training, health behavior change, lifestyle modifications, psychosocial health
promotion, medical risk management, and long-term strategies.”'” These components aim to
enhance HRQol, prognosis, cardiac function, exercise capacity, and reduction of symptom
burden.'"’ Typically conducted over 10 to 12 weeks by a multidisciplinary.team; CRprograms can
be delivered in various formats, including supervised or unsupervised settings, inpatient or

outpatient programs, and home-based or hybrid approaches.'*"

Despite the benefits of CR for patients with obstructive cotonary artery disease '*, there is limited
evidence of its effects on patients living with MVA.'*"> Scoping searches identified a review
without meta-analysis on the effects of CR in patients living with MVA.'® The review published
in 2018, concluded that CR may reduce the severity of angina, improve myocardial perfusion
defects as well as improve HRQoL and. exercise capacity.'® However, due to the absence of a
systematic approach and the publication of new studies since, we conducted a robust
comprehensive contemporary systematic review to synthesize current evidence on the effects
of CR, including both exercise-only:and comprehensive CR, on the severity of angina, HRQoL,
and exercise capacity in adults living with MVA compared to either a control group or an active
non-exercise intervention group (e.g., educational, behavioral, or psychological interventions).
We also assessed adverse events and adherence to exercise-based CR in this population as

secondary-outcomes.

Methods

This systematic review was conducted according to the protocol registered on PROSPERO (Ref.
CRD42023397119)."” We undertook this meta-analysis following the Cochrane Handbook for
Interventional Reviews, the Preferred Reporting Items for Systematic Reviewsand Meta-Analyses

(PRISMA) and the Synthesis Without Meta-analysis (SWiM) guidelines.'®*°
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Eligibility criteria
We included adults (218 years) with a probable or definite diagnosis of MVA according to the
COVADIS criteria for the diagnosis of MVA.*' Participants with non-cardiac chest pain, unstable
angina, or those scheduled for revascularization were excluded, as were individuals who had
experienced a myocardial infarction, coronary artery bypass graft surgery, or percutaneous
coronary intervention within three months before the trial. We excluded trials where less than
50% of the trial sample was composed of participants with probable or definitive diagnosis of
MVA. We considered randomized controlled trials (RCTs) of any design;with no restrictions on

language or date of publication.

Search strategy and study selection

We identified RCT's through systematic searches of diverse bibliographic databases, as described
in our protocol.” We also conducted hand searches of references and citations, as per
recommendations.'® Searches were undertaken between January 2024 and February 2024 (all

search strategies are provided in Supplementary material online, Table Sl).

One reviewer (JO) retrieved, collated, and managed abstracts within the platform EndNote.”
Two reviewers (JO & AW) pilot-tested the inclusion and exclusion criteria and screened the full-
text reports in parallel, assessing them for eligibility. In cases of disagreement, consensus was
reached through discussion and consultation with a third reviewer (SPH). Where necessary,
authors were contacted via email up to two times, two weeks apart, to request further

information.

Data extraction and risk of bias assessment

Study characteristics and outcome data were extracted by one reviewer (JO) using a piloted
bespoke data extraction form. Information regarding the study design, methods, participants
(baseline characteristics, key inclusion and exclusion criteria), interventions/comparators
(including type, frequency, duration, and intensity of exercise training and nature of co-
interventions), reported outcomes, outcome measurement details, and all the results compatible
with each outcome domain were extracted. The second reviewer (AW) checked the extracted

data for accuracy. Any disagreements were resolved by discussion.
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We assessed the risk of bias independently, in duplicate, using version 2.0 of the Cochrane risk
of bias tool for RCTs and used the risk of bias visualization tool (robvis) to create the risk of bias
plots.'®??* To assess the risk of bias due to missing studies or results within studies, we used the

Risk Of Bias due to Missing Evidence (ROB-ME) tool to assess the risk of non-reporting.”’

Data analysis

Data were analyzed following the Cochrane Handbook guidance.'® We tabulated all reported
outcome measures and identified the most frequently reported outcome measure for each
outcome. The data available to be included in this systematic review were presented as
continuous data, with the exception of one study®® that reported-dichotomous data on the
severity of angina. Standard data transformations were performed to enable synthesis. When
studies reported the same outcome measure in different ways (e.g. different units), we used the
standardized mean difference (SMD) with 95% Cl to pool the data. We re-expressed the results
from SMD into units of a familiar measure wusing the formula MD=SMD x pooled standard
deviation of the CR groups being compared:.'® For each outcome we used the minimal clinically
important difference (MCID) thresholds, or ranges reported in the literature, to aid
interpretation of the results. Where 22 trials reported the same validated HRQoL measures and

domains, the outcomes were pooled separately by domain and reported as MD with 95% ClI.

Analysis was undertaken using RevMan, version 5.4.1 Y

We explored heterogeneity by visually
inspecting the forest plots, the Chi-Squared test (x?) of heterogeneity, and I* statistic. Significant
heterogeneity was indicated by a p-value of <0.10 and/or an I>>50%. We performed random-
effects meta-analyses with 95% Cls to account for between-study variability present due to the
significant'diversity of CR programs around the world.” For the outcomes not meta-analyzed,

we conducted a narrative synthesis as per the SWiM guidelines, presenting an analysis of the

relationships within and between studies, summarizing the effect estimates, and vote-counting.”

We planned to conduct subgroup analyses to explore whether the intervention effect estimate
varied with different types of CR (exercise-only CR versus comprehensive CR) or with the dose

of exercise. We planned to conduct a sensitivity analysis to explore and compare the results of
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our meta-analysis when all eligible studies were included versus including only the eligible studies

with low risk of bias.'®

Summary of findings table

We used the Grading of Recommendations, Assessment, Development and Evaluations (GRADE)
framework to assess the quality of the evidence.'® We used GRADEpro GDT*to import the
data from RevMan to compose the ‘Summary of findings’ table (Supplementary material online,

Table S2) and the GRADE table (Supplementary material online, Table S3.).

Results

Study selection

Figure | summarizes the search and screening process. Database and clinical trial register
searches yielded 21, 132 titles and abstracts, identifying 15,873 unique records. Ten records were
identified for full-text review, and five studies (six reports) met the inclusion criteria. Hand
searches of reference lists and citations identified a further three articles for full-text review,
which were ultimately excluded.. Reasons for the exclusion of reports are presented in
Supplementary material-online, Table S4. No ongoing studies eligible against the criteria were

identified in the clinical trial registries.

Study characteristics

Five studies involving 222 randomized participants were included.****** Published between 2000
and 2020, ‘the studies were conducted in Sweden,’*’' UK,**> Germany®* and Iran®®*’. All were
single-center RCTs with small sample sizes (mean 44 participants, SD 17.7). Participants had a
mean age of 5| to 64 years, and all were diagnosed with definitive MVA. Four studies included
only women.’>*** All studies compared CR to a control group (i.e. usual activities/care). Two
studies included additional groups that underwent relaxation training, which involved a modified

31,33

Jacobson’s approach and autogenic training® ’, with one of these trials, having a fourth group that

received both CR and modified Jacobson’s approach™’.
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The intervention duration varied across the studies, with one study lasting four weeks?*, three

%33 'and another lasting 24 weeks*. Additionally, one study included

studies lasting eight weeks
an eight-week follow-up period after completing the CR program.’?> One study included a weight
loss program alongside the CR program.** Most of the studies delivered comprehensive CR***
in a clinical setting”**°****, All the CR programs utilized aerobic exercise; two studies also used
resistance training.’*’* Each study measured at least one of the primary outcomes of this
systematic review.’***** Regarding our secondary outcomes, three studies reported patient

31,32,34

adherence, and two reported adverse events.’”’'** The characteristics of ‘the individual

studies included are presented in Table I.

Risk of bias and GRADE assessment

The risk of bias was judged to be ‘some concerns” or ‘high risk’ (Figure 2.). Randomization
methods and allocation concealment were pootly reported in three studies.’**"** Due to the
nature of the intervention, neither participants nor the staff delivering the intervention could be
blinded, and only two studies reported blinding of outcome assessors.’*** Adherence to the
intervention was not specified in half of the reports.****** Only one study reported complete data
for all participants.’® For the remaining studies, missing data ranged from 6.7% to 12.5%, and all
conducted a complete case analysis.’**°**** While the tool used to measure outcomes were
appropriate, the assessment of the severity of anginaand HRQoL could have been influenced by
participants' knowledge of the intervention. No studies published the statistical analysis plan.
Baseline characteristics were balanced across groups, and only one study** reported differences
in care received besides the intervention (i.e. weight loss intervention in the CR group). The
certainty of the evidencefor all the primary outcomes was assessed as very low using the GRADE

framework (Supplementary material online, Table S3.).

Results of Individual Studies

Results of the individual studies included in this systematic review are presented in

(Supplementary material online, Tables S5, S6. and S7.)
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Effect of CR on primary outcomes

Severity of angina
The severity of angina was assessed pre- and post-CR intervention in three studies.?****** Of
these, only Asbury et al’? and Rahmani et al*® reported outcome data for the severity of angina.
Narrative synthesis and vote counting were performed due to incomplete published data. Asbury
et al’* (n=58) reported a significant reduction in the severity of angina within the.CR group after
an eight-week CR program, demonstrating a 16% decrease (baseline: 2.0%0.8; post-intervention:
[.2+1.1, p=0.009). However, the study did not report the post-intervention results for the

control group. In contrast, Rahmani et a/**

(n=28) observed no changes in the control group and
non-significant improvements in the severity of angina scores in the CR group. The effect size
between the CR and the control groups was -0.1 (95% Cl -0.81 to 0.61), reflectinga non-clinically
important difference of 2.5% favoring CR. Of the three studies, only Asbury et al’? and Rahmani
et al’® reported outcome data for the severity of angina. Feizi et al’’ omitted reporting outcomes
related to ‘chest pain’, despite this being outlined in their study protocol published in the Iranian
Registry of Clinical Trials (IRCT201204099422N1)*. Furthermore, their protocol did not specify
the method used to assess chest pain severity, leaving their approach unclear. This omission and

lack of methodological detail further contribute to the incomplete data available for synthesis and

analysis in this SR.

Using vote-counting, a trend was observed favoring CR in reducing the severity of angina among
patients living with MVA. Methodological differences between the two studies included variations
in pain assessment scales (5-point vs. 4-point scales), CR duration (eight vs. four weeks), and CR

type (comprehensive vs. exercise-only).***

For this outcome, both studies had 'some concerns' for the risk of bias. The limited data available
from these studies prevented the assessment of the risk of bias due to missing evidence. As per
GRADE, we determined the quality of evidence to be of very low quality due to concerns about

the risk of bias, inconsistency, indirectness, and imprecision.

HRQoL

The assessment of HRQoL was carried out and reported in four studies.’'”* Three studies

reported HRQoL using validated patient-reported outcome measures (PROMs) that measure

GZ0Z Yolel\ 61 uo Jesn Ausiaaiun nexoeg spes Aq G059808/06 Liemz/odline/c60 1 01 /10p/elonie-aoueape/odiine/woo dno-olwepeoe//:sdiy Wwolj papeojumod



O OW 00 N O o M WON =

S S G N S U U G ¥
© 00 N o o0 A WODN -

20
21
22
23
24
25
26

27
28
29

general health status: specifically the Sickness Impact Profile (SIP)’' and the Short Form-36 (SF-
36).>** The other study reported HRQoL using a disease-specific validated PROM: the Seattle
Angina Questionnaire (SAQ).** Calculatinga summary score across these varied questionnaires
is cautioned against in the literature®, therefore, our meta-analysis for this outcome focused on
the SF-36 domains using random-effects meta-analysis (two studies, n=76). A potential
typographical error in the SF-36 social functioning domain reported by Asbury et.al’*led us to
adopt a narrative synthesis approach for this domain. We assessed heterogeneity across the
individual SF-36 domains. Due to heterogeneity observed in the forest plots‘of some domains,
meta-analyses were only feasible for the physical role limitation, emotional role limitation, vitality,
and general health domains. The pooled effect estimates across these four domains revealed a
trend favoring the CR intervention (Figure 3). Effect sizes for physical role limitation (MD 22.34,
95% Cl 0.58 to 44.10, two studies, n=76, I’=75%) and emotionalrole limitation (MD 17.70, 95%
Cl 7.18 to 28.22, two studies, n=76, I2=0%) exceeded the ' MCID reported in the literature of
18.75and 16.7 respectively.’” However, the Cls included values both below and above the MCID,
suggesting variability and uncertainty in clinicalsignificance. The vitality (MD 14.13, 95% Cl -4.96
to 33.22, two studies, n=76, I’=86%) and general health domains (MD 14.45, 95% CI -1.92 to
30.81, two studies, n=76, ’=80%) did not achieve the MCID thresholds of 18.75 and IS5,
respectively.’’ In addition, the Cls also included values both below and above the MCID,

suggesting high variability'and uncertainty in clinical significance.

Narrative synthesis of physical functioning, mental health, and pain domains showed minimal
changes in Asbury et al* results, with effect sizes of 2.70 (95% Cl -8.90 to 14.30, n=58), -0.60
(95% Cl -8:54 to 7.34, n=58), and -2.00 (95% CI -13.11 to 9.11, n=58), respectively. Feizi at al*’
results indicated substantial improvements with effect sizes of 28.12 (95% Cl 16.44 to 39.80,
n=18) for the physical functioning domain, 21.49 (95% CI 9.54 to 33.44, n=18) for the mental
health domain, and 40.26 (95% CI 31.52 to 49.00, n=18) for the pain domain. Vote-counting

revealed a trend favoring CR only for the physical functioning domain.

The SIP results showed a trend favoring CR. The SAQ results also favored CR, with
improvements in angina stability (MD 18.70,95% Cl 3.73 to 33.67,n=56), disease perception (MD
12.90, 95% CI 1.86 to 23.94, n=56), and angina frequency domains (MD 11.80, 95% CI 2.49 to
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21.11, n=56). More modest improvements were seen in treatment satisfaction (MD 8.10, 95% ClI

-2.58 to 18.78, n=56) and physical limitation (MD 6.40, 95% Cl -3.65 to 16.45, n=56).

3234 and 'some concerns”' in the

For HRQol, the risk of bias was assessed as high in three studies
other, with overall low ROB-ME judgment. As per GRADE, we determined the quality of

evidence to be very low due to risk of bias, inconsistency, indirectness, and imprecision.

Exercise capacity

Exercise capacity was assessed in three studies using the cardiopulmonary exercise test (CPET),

30,34

conducted either on a bicycle ergometer’®** or on a treadmill*® with breath-by-breath gas

exchange measurements. Two studies reported both peak aerobic capacity (peak VO.) and peak

30,34

work rate’®**, while the third study only reported peak VO,*. The reporting units for peak VO,
varied across the studies, incorporating both relative and.absolute measures. Due to
the unavailability of participants' weight data, it was not feasible to convert the data to a common
unit, therefore we conducted a meta-analysis by calculatingthe SMD. The pooled effect estimates
favor CR (SMD 1.06, 95% ClI -0.07 to 2.19, three studies, n=101, I’=82%), see Figure 4. A SMD
of 1.06 is estimated to be equivalentto a 4.16mL/kg/min change in peak VO.. This is thought to
be clinically meaningful based on established standards for other cardiovascular conditions, where

a ImL/kg/min increase is regardedas clinically significant.*®**'

For exercise capacity, the risk of bias was assessed as 'some concerns' for two studies and 'high
risk' for one, with overall low ROB-ME judgment. As per GRADE, we determined the quality of

evidence to bevery low due to concerns regarding risk of bias, inconsistency, and imprecision.

Effect of CR on secondary outcomes

Adverse events

Two studies reported adverse events related to exercise.’*"** Erickson et al’® and Tyni-Lenne et
aP' (two articles reporting on the same study) indicated that some participants experienced post-
exercise fatigue. Bove et al* noted minor side effects from the dietary intervention in the CR

group, with no adverse events directly attributable to exercise.
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Patient adherence

Three studies reported patient adherence.?'**** Tyni-Lenne et al’' and Asbury et al* defined
adherence as the mean percentage of total training sessions attended by the group, both reporting
a 90% adherence rate. Bove et al defined adherence as attending more than half of the CR training

sessions, with 77% of participants meeting this criterion.*

Sub-group analyses and sensitivity analysis

We were unable to perform the sub-analyses and sensitivity as planned due.to insufficient

numbers of studies included in this systematic review.

Discussion

This systematic review identified five RCTs comprising 222 participants with a diagnosis of MVA,
comparing the effects of CR with a non-exercise control group. Meta-analysis showed that there
may be an improvement in exercise capacity following. CR compared with control, however, our
confidence in the effect estimates is very limited. The impact of CR on the severity of angina and

HRQoL remains highly uncertain.

The age distribution of the participants in the included studies are consistent with the typical
demographic profile for the patients living with MVA, with the majority of the participants being
women.*? Of the participants across the included studies, 97.3% were women, with only one
study’® enrolling male participants. This skewed data mirrors the higher prevalence of MVA
among peri-menopausal women, who account for approximately 70% of the patients with this
condition.**The safety profile of CR in this population is well-supported by the absence of
cardiovascular events reported by the included studies.’®*'** This highlights that CR, when
conducted under appropriate clinical guidance and supervision, is a safe intervention across
diverse patient groups, including those with MVA. Importantly, the predominance of women
included in these studies, not only reflects the epidemiology of MVA, but also reinforces the
safety of CR in women, including those of childbearing potential. While MVA remains a condition
requiring tailored management, it does not seem to pose additional risks during CR compared to
other cardiac conditions.* This suggests that patients living with MVA may safely participate in
CR programs while reaping the benefits of improved cardiovascular health, reduced symptoms,

and enhanced HRQolL. Furthermore, women often display distinct characteristics in the

12
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presentation and pathophysiology of coronary artery disease, requiring tailored approaches.*
The predominance of women in our systematic review demonstrates that inclusive enrolment in
cardiovascular research is possible. Such inclusivity is essential to enhancing the generalizability
and applicability of emerging evidence, especially given the variations in disease prevalence,
response to treatment, and health outcomes between sexes and among diverse populations.®
Together, these findings highlight the importance of sex-specific and condition-specific
approaches in cardiovascular care, ensuring that interventions such as CRrare both safe and

effective for diverse patient populations.

The 2024 ESC guidelines for chronic coronary syndromes note that INOCA patients represent
only 25% of those with angina and nonobstructive coronary arteries (ANOCA), highlighting
diagnostic challenges.> ANOCA is often missed by conventional non-invasive imaging, which is
more effective at detecting segmental than diffuse ischemia.’ Our meta-analysis included studies
adhering to the COVADIS criteria®*', requiring.ischemia demonstration through conventional
tests. While ensuring methodological rigor, this possibly excluded patients with diffuse ischemia,
contributing to the included studies' small sample ‘sizes. Further research should also focus on
more inclusive diagnostic approaches, such as invasive coronary function testing, to better

capture the full spectrum of ANOCA.

Adherence to cardiac CR programs. is critical for their effectiveness in improving cardiovascular
outcomes. The British'Heart Foundation reports a 77% adherence rate for CR in the UK*, and
the EUROASPIRE" |V survey found that 81% of the patients attended at least half of the program

I34

sessions’’. Bove et aP* study, which had a 24-week intervention, reported a similar adherence

rate of /77%. However, the two other studies®'??

, both with eight-week interventions,
documented a 90% adherence rate. Although the reported adherence rates are promising,
uncertainty remains regarding engagement with exercise and other lifestyle changes implemented
during the CR program after the program completion. The literature reports a gradual decline in
engagement over time, highlighting the challenge of maintaining long-term participation, which is
essential for achieving the full benefits of CR. Initial motivation may drive higher attendance early
on, yet physical barriers like lack of transport, financial costs, or availability of phase IV CR in the

community, may limit adherence in the longer term.*® Personal barriers such as embarrassment

to participating in group exercise, misunderstanding the purpose of CR, or lack of perceived
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improvement in symptoms or risk factors may also contribute to the observed decline in
adherence over time.*® Moreover, the setting in which CR sessions are delivered may influence
adherence rates. Implementing a mixed-setting approach may improve flexibility and accessibility,

potentially leading to greater adherence.”

Three studies reported on exercise capacity, all using CPET to assess this outcome. CPET is
widely regarded as the gold standard for measuring peak VO, and overall exercise capacity, as it
provides a comprehensive evaluation of the integrated functions of  the cardiovascular,
pulmonary, and muscular systems during physical activity.*’ Its non-invasive nature, along with the
ability to objectively measure key physiological parameters, .makes CPET a reliable and
reproducible tool in clinical research. This is particularly evident when the outcome assessors
are blinded to minimize bias, as was the case in two of.the included studies****. Whilst the
certainty of the evidence was categorized as ‘very low’, the effect size estimate of 4.16 mL/kg/min
in peak VO, in favor of CR, aligns with previous reviews'®"' demonstrating the effectiveness of

CR in improving the exercise capacity of cardiac patients.

Most of the studies included in this systematic review delivered comprehensive CR****, with two
studies including additional groups.that received relaxation training alone or in combination with
comprehensive CR. Although the studies describe the components of exercise and relaxation
training, they lack descriptions” of other key elements of comprehensive CR, such as lifestyle
modifications and risk factor management. Given the absence of specific disease-modifying
therapies for MVA, comprehensive CR that emphasizes lifestyle modifications and risk factor
managementmay.be particularly beneficial for patients living with MVA.’ Educating patients about
adopting healthy.behaviors — such as engaging in regular physical activity, smoking cessation,
followinga Mediterranean or whole-food, plant-based diet, maintaining good sleep hygiene, and
managing stress — may empower them to develop personalized strategies for symptoms and
trigger management, while improving overall cardiovascular health and general well-being. These
lifestyle interventions are pivotal in managing risk factors such as hypertension, diabetes, and
hyperlipidemia, which can lead to improved outcomes and symptom control in patients living with
MVA.® Furthermore, recent qualitative research highlights the value of coordinated care among
healthcare professionals in creating comprehensive strategies that address not only the physical

aspects of living with MVA but also the psychological and emotional dimensions.** This
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multifaceted approach may help patients understand their unique symptoms, triggers, and
comorbidities, fostering a sense of agency in their care. By considering the full spectrum of
patients' experiences and needs, healthcare providers can significantly enhance the effectiveness
of comprehensive CR and improve overall health outcomes for individuals living with this

condition.

Limitations of the review process and evidence

The generalizability of this review is significantly constrained by the limited number of eligible
studies and their small sample sizes. This restriction hinders the ability to draw conclusions
applicable to diverse populations and clinical settings. Additionally; smaller sample sizes often lead
to reduced statistical power, which affects the reliability of findings and their applicability beyond
the studied cohorts. The quality of evidence was graded as very low certainty for all the primary
outcomes according to the GRADE framework. These judgments indicate that we have very
limited confidence in the effect estimates calculated, suggesting that further research might

significantly alter the effect estimates presented by our meta-analysis.

Our review process, although thorough and methodical, had its limitations. We followed our pre-
published protocol to minimize bias during the systematic review.'” We conducted a
comprehensive literature search, including published and unpublished studies, and contacted
authors for additional information. However, by excluding before-and-after studies to enhance
precision, we may have overlooked important evidence, narrowing the scope of our analysis.
Furthermore, while we did not restrict our search to English-language articles, the absence of
translations for all foreign-language studies may have led to an incomplete representation of this
body of literature. This limitation could have narrowed the scope of evidence included in our
systematic review, thereby affecting the comprehensiveness and generalizability of our

conclusions.

Data pooling in systematic reviews is a valuable method for synthesizing available evidence;
however, it has notable limitations, particularly when the available studies are small-scale, and
employ diverse PROMs. Although HRQoL was the most commonly reported outcome in the
included studies, the variability in PROMs used and the recommendation to not calculate a

summary score across these PROMs, resulted in the inclusion of only half of the studies reporting

GZ0Z Yolel\ 61 uo Jesn Ausiaaiun nexoeg spes Aq G059808/06 Liemz/odline/c60 1 01 /10p/elonie-aoueape/odiine/woo dno-olwepeoe//:sdiy Wwolj papeojumod



17

18
19
20
21

22

23
24

this outcome in the meta-analysis. This highlights the challenge of reconciling diverse PROMs,
which limits the synthesis and interpretation of findings, and emphasizes the urgent need for a

core outcome set in future cardiovascular research.*’

Implications for clinical practice and future research

We remain very uncertain as to the effect of CR compared to usual care.on patients living with
MVA. The current evidence base is limited, highlighting the urgent need for further research to
establish the potential benefits and risks of CR specifically for this-population through adequately
powered RCTs. These trials should aim to include robust endpoints and a representative sample
that reflects the differences in disease prevalence and treatment response between sexes, thereby
enhancing the generalization of the findings. Moreover, future research should prioritize the
evaluation of CR programs with sufficient duration.to address the well-documented challenges of
maintaining long-term adherence, which s critical for achieving the full benefits of CR.
Furthermore, the incorporation of standardized PROMs in cardiovascular research would
improve the comparability and robustness of evidence across studies, facilitating a more

comprehensive understanding of CR's impact on patients living with MVA.

Conclusion

CR may improve exercise capacity in patients livingwith MVA in comparison to control; however,
the evidenceis very uncertain. Limited evidence exists for CR's effects on the severity of angina
and HRQolL. High-quality RCTs are needed to rigorously determine the impact of CR on

the severity of angina, HRQoL and exercise capacity in patients living with MVA.
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Figure 2. Risk of bias summary: reviewers'judgments.about eachrisk of bias item for each included

study and outcome

Figure 3. Comparison | Exercise-based cardiac rehabilitation versus control for MVA, Primary

outcome 2 HRQoL
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Figure legends
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Table |. Characteristics of included studies

Outcomes
Study Population Intervention(s)/Control Severity of HRQoL Exercise Adverse Patient
angina capacity events adherence
Eriksson et al 20003° N randomized 26 A (8): Body awareness 2x/wk for NA NA CPET, cycle Reported Adherence to
8wks; then.cCR (cycle ergometer) ergometer: intervention
Sweden Age, yr 568 3x/wk for 8wks (50% of peak work e Peak Work
(mean+SD) rate), 30 min; dose of exercise < (W) Dropouts
Single centre 1000 units e Peak VO»
MVA (%) 100% (Umin)
Funding: NR B (8): cCR (cycle ergometer) 3x/wk
Female (% 100% for 8wks (50% of peak WR), 30 min;
Conflicts: NR dose of exercise < 1000 units
C (10): Control; normal activities for
8wks
Tyni-Lenne et al20023! N randomized 24* A (8): cCR (cycle ergometer) 3x/wk NA SIP (The same Reported Adherence to
for 8wks (50% of peak work rate), 30 outcome intervention
Sweden Age, yr 55+8* min; dose of exercise < 1000 units measures were
(mean+SD) reported in both Dropouts
Single center B (8): Relaxation training (modified publications3%3!,
MVA (%) 100% Jacobson's approach & autogenous results presented
Funding: NR training) 2x/wk for 8wks, 60min in the first
Female (% 100% C (8): Control; normal activities for publication were
Conflicts: NR 8wks used for this SR)*
Asbury et al 200832 N randomized 64 A (32) Phase Il cCR, (aerobic Standard 5- SF-36 NA NR Adherence to

conditioning; functional capacity;

point pain scale

intervention
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UK Age, yr 57.3+8.6 muscular strength; endurance) 2x/wk; (at 8wks and
(mean+SD) | 80-min hospital-based CR class 60—  [6wks) Dropouts
Single centre 75% of age-predicted HRR ‘and at
MVA (%) 100% least | exercise session at home) for Withdrawals
Funding: “No external 8wks; dose of exercise unknown
funding was obtained for Female (% 100%
completion of this project” B (32) symptom monitoring (diary
completion); normal activities for
Conflicts: None declared 8wks.
Follow up: 8wks
Feizi et al201233 N randomized 40 A (7) Control; normal activities NR SF-36 NA NR NR
Iran Agesyr 50.8+6.8t B (1) Phase Ill cCR (stretching
(mean*SD) exercises and walking) 3%/wk; 60—
Single centre 100% 65% of MHR, at first 25min with
MVA (%) increase to 40min per session;
Funding: Vice-Chancellery 100% sessions done mainly at home,
of Research and Female (% monitoring by phone for 8wks; dose
Technology, Urmia of exercise < 1000 units
University of Medical
Sciences C (11) Jacobson’s PMR; 15min daily
at home for 8wks
Conflicts: None declared
D (11) Phase Il cCR and Jacobson’s
PMR as described for groups B and C
for 8wks; dose of exercise < 1000
units
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Bove etal 202034 N randomized 62 A (30) cCR (Aerobic interval training’ NA SAQ CPET, cycle Reported Adherenceto 3
3

and resistance exercise; cycle ergometer: intervention -

Denmark Age, yr 63.716.01 ergometer) with weight loss; e Peak VO2 §
(mean+SD) 2x/week; 45-60min per session; (mL/min) Dropouts §

o

Single centre outpatient.and home-based; for e  Peak VO2 %_
o

MVA (%) 100% 24wks; dose of exercise = 1000 units Body Weight Q

©

Funding: Capital Region of (mL/kg/min) §
Denmark Research Female (% 100% B (32) Control; normal activities for e Peak VO2 g
Foundation, Bispebjerg- 24wks FFM ‘E
Q

Frederiksberg Hospital (mL/min/kg g‘
Internal Foundation, Eva og FEMO-67) é
. o))

Henry Fraenkels Memorial e  Max C:—_;
Foundation, Christensson- workload %
- Q.

Cesons Family Foundation (W) 8
and Department of é
w

Cardiology Bispebjerg- g
Frederiksberg Hospital. g
<

Qo

Conflicts: None declared a
Rahmani et al 20202 N randomized 30 A (15) CR, (treadmill, cycle, andarm 4 point scale NA CPET, treadmill: NR Adherence to §
ergometer exercises) 3x/wk; 60min (ACSM''s e  Peak VO2 intervention §

. o, . . . o

Iran Age, yr 53.3+7.9¢ hospital-based CR class 40-60% of Guideline for (mL/kg/min) E
(meanSD) age-predicted HRR or BORG scale of Exercise Testing Dropouts o

w

Single center I 1-15 out of 20) for 4wks; dose of and ?P,J
MVA (%) 100% exercise = 1000 units prescription) 3

Funding: Tehran University %
<

of Medical Sciences & Female (% 73.3% B (15) Control; normal activities for g_
Health Services 4wks E
@

S

©

<

Q

g

N

26 S
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Conflicts: None declared

Abbreviations: NR Notreported; NA Notapplicable for this study; N number; SD standard deviation; yryears; MVA microvascular angina; wk week; wks weeks; cCR comprehensive cardiac rehabilitation; min minutes;

CPET cardiopulmonary exercise test; W watts; VO, volume of oxygen; L/min liters of oxygen per minute; 6MWT six-minute walk test; m meters; beats/min beats per minute; RPE rating of perceived exertion; UK United

Kingdom; HRR heart rate reserve; ITT intention-to-treat; #fracture; MHR maximum heart rate; PMR progressive muscle relaxation; mL/kg/min milliliters of oxygen per kilogram of the body mass per minute; FFM fat-

free mass; CR cardiac rehabilitation; ACSM American College of Sports Medicine.

Symbols
* Confirmation by the corresponding author for the reports Eriksson et al 20003% and Tyni-Lenne et al 20023 that these reports refer to the same study. Tyni-Lenne et al 20023' reports a smaller sample size than that reported by

Eriksson et al 20003°. Tyni-Lenne et al 20023' reports less two participants in their control group and reports one withdrawal from the control group. Reported results for Peak VOZ are the same after intervention in the control and CR
groups in both trials.

1 When descriptive statistics were reported by group only, these were combined using the formulae for combining summary statistics across two groups as recommended by Cochrane, Chapter 6, section 6.5.2.10.'8
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A WON -

Identification

Screening

Included

Identification of new studies via databases and registers

Records identified from:
Databases (n = 21,010):
MEDLINE (Ovid} & MEDLINE {Ovid)
Epub Ahead of Print & MEDLINE
{Ovid) In-Process & Other
Non-Indexed Citations and Daily (n = 5,812)
GENTRAL (n = 11,295}
Embase (Ovid) {n = 383)
CINAHL ULTIMATE {EBSCO) (n = 524)
BNI (n = 220)

PEDro (n = 233}

DARE (n = 53)

ProQuest Dissertations & Theses
Database (n=7)

Scopus (n = 1.364)

Web of Science Core Collection
(Thomson Reuters) {n = 1,119}
Registers (n = 122):
ClinicalTrials.gov {n = 110)

WHO ICTRP (n = 12)

=

Records removed before screening:
Duplicate records (n = 5,137)
Records marked as ineligible by automation
tools (n = 0)

Records removed for other reasons (n = 0)

Records screened
(n=15,873)

Records excluded
(n=15,863)

!

Reports sought for retrieval
{n=10)

Reports not retrieved
(n=1)

Reports assessed for eligibility
n=-9

-

Reports excluded:
NotaRCT (n=1)
Assessing an educational program
(exercise was 1 topic out of 63) {n = 1)
Population {not MVA patients} (n = 1}

New studies included in review
n=5)

Reports of new included studies
{n=86)

Identification of new studies via other methods

Records identified from:
Websites (n = 1}
Organisations (n = 0)
Citation searching (n = 9)

Y

Reports assessed for eligibility
(n=3)

Figure 1
411x315 mm (DPI)

Reports not retrieved
(n=0)

Reports excluded:
Nota RCT (n=1)
Population (not MVA patients) {n = 2)
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A WON =

SF-36 Physical role limitation domain

Exercise-based CR Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total igl IV, Rand 95% Cl Year IV, Randk 95% CI
Ashury 2008 53.8 404 29 448 391 29 40.9% 9.00[11.46, 29.46] 2008 —
Feizi 2012 £1.93 7.1 11 3035 9.14 7 58.1% 3158[23.61,63955) 2012 —i—
Total (95% CI) 40 36 100.0% 22.34[0.58, 44.10] —*‘
Heterogeneity: Tau®=192.17; Chi*= 4.06, df=1 (P = 0.04); F= 75% [50 _2;5 3 215 50#
Testfor overall effect Z=2.01 (P = 0.04) Favours Control Favours Exercise-Hiased CR

SF-36 Emotional role limitation domain

Exercise-based CR Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl Year N, Random, 95% CI
Ashury 2008 794 341 23 6849 387 29 31.4% 1050[-8.27, 29.27] 2008 R N lE—
Feizi 2012 50.75 1017 11 2976 151 7 B8.6% 20.99[8.29,3369] 2012 ——
Total (95% Cl) 40 36 100.0% 17.70[7.18, 28.22] —-sEigigRe—

ity: Tau== i Chi*= = = sES k + + {
:ieti:ngenemrl.l T;u ;g?g,%h;-_tlfgﬁ;- 1(P=036)F=0% 50 25 I 75 50
estfor overall effect 2= 3.30 (F-= 0. ) Favougs Control Favours Exercise-hased CR
SF-36 Vitality domain

Exercise-hased CR Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random,95% Cl- Year IV, Rand 95% CI
Asbury 2008 498 19.2 29 455 217 29 495% . 4.30[6.25 14.85] 2008 —T
Feizi 2012 5056 9.03 11 2678 11.24 7 505% 23.78([13.89, 3367 2012 ——
Total (95% ClI) 40 36 <100.0% 14.13[-4.96, 33.22] e R ——

ity Tawe = - Chif= =1(P= F= } } } |

Heterogeneity: Tau®*= 16253, Chi*= 697, df=1 (P =0.008); F= 86% 50 35 0 75 50

Test for overall effect Z=1.45(F=0.15)

SF-36 General health domain

Favours Control Favours Exercise-hased CR

Exercise-based CR Control Mean Difference Mean Difference
Study or Subgroup Mean SD. Total, Mean SD Total g IV, Rand 95% Cl  Year IV, Random, 95% CI
Asbury 2008 576 7 29 51 17 29 531% 6.60[-2.15,15.35] 2008 =
Feizi 2012 56.060), 9738 11 3273 1431 7 469% 23.33[11.37,35.29] 2012 ——
Total (95% CI) 40 36 100.0% 14.45[-1.92,30.81] —eOEgET—
Tz = = = 2= } + + i
Heterogeneity, Tau*=i41.35, Chi*= 489, df=1 (P=0.03), F=80% 50 5 ) 25 50

Test for ovefall effect Z=11 734P = 0.08)

Figure 3
161x166 mm (DPI)

Favours Control Favours Exercise-based CR
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A WON -

Exercise-based CR Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl Year , Random, 95% CI

Eriksgon 2000 145 016 7 1.1 006 10 24.8% 2.90[1.43,4.37] 2000 L —
Bove 2020 20.05 448 1848 33 26 39.3% 0.27 [0.26,0.800 2020 T

Rahmani 2020 2493 5484 13 21.59 452 18 359% 0.68[0.12,1.41] 2020 T

Total (95% CI) 50 51 100.0% 1.06 [-0.07, 2.19] e —
Heterogeneity: Tau®= 0.77; Chi®= 1086, df= 2 (P = 0.004), F=82% t t

-4 -2 0 2 4

Testfor overall effect £=1.84 (F = 0.07) Favours Control Favours Exercise-based CR

Figure 4
249x42 mm (DPI)

Effects of cardiac rehabilitation on the severity of angina, health-related quality of life, and exercise capacity

among adults living with microvascular angina: a systematic review and meta-analysis

Evaluate effect of cardiac rehabilication on: @ Severity of angina §OOO
« Severity of Angina _
* Health Related Quality of Life 3RCTs 22104 %‘] Trend favoring CR in reducing angina.

* Exercise capacity

m Health related quality of life §OOO

5 Study selection and characteristics 2RCTs &2 76 Short Form-36 domains:
Physical roleflimitation, (MD 22.34, 95% Cl 0.58 to 44.10, ’=75%)

o~ Emotional role limitation (MD 17.70,95% Cl 7.18 to 28.22, ’=0%)
ﬁ‘; 14 databases searched Vit.a,lyig)‘i(MD 14.1 E % Cl -4.96 to 33.22, =86%)
General health (MD 14.45,95% Cl -1.92 to 30.81, 2=80%)

15,873 individual reports identified £, ;
=2| Trend favoring CR for physical functioning domain

5 RCTs included: .
O% Exercise capacity OO0
88 222 participants N el N
3RCTs 22 10} * Clinically meaningful change of 4.16mL/kg/min in VO, observed in favor of CR

Q@ 9r3%
@ Sweden, UK, Germany & Iran

bilitation may improve exercise capacity in patients living with microvascular angina, however the

uncertain, and studies are of low quality. High-quality RCTs are needed to rigorously determine the
impact of cardiac rehabilitation on these outcomes.

[ Randonlzed Controlled Lricls (AUUs); Cardiac Kehabililol_ss (CR). bvidesse quall.y: Hogh GOO@; xederals I
BEGOT T SGOO Ve ow
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