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Abstract

Aims The study aims to evaluate the effects of exercise-based cardiac rehabilitation (ExCR) on the health-related quality of
life (HRQoL) in people with heart failure preserved ejection fraction (HFpEF).

Methods This study is a systematic review and meta-analysis. Six bibliographic databases (Medline, Embase, Web of Science,
Cumulative Index of Nursing and Allied Health Literature, Cochrane CENTRAL and China National Knowledge Infrastructure da-
tabase) were searched to April 2024 for randomized controlled trials (RCTs), involving adults with HFpEF undertaking EXCR
compared with no exercise control. Subgroup and sensitivity analyses were conducted to explore potential sources of statis-
tical heterogeneity.

Results Twelve RCTs recruiting a total of 1005 HFpEF patients with a median of 16 weeks follow-up were included. Four tri-
als defined HFpEF as an ejection fraction of >45% and eight trials as >50%. Compared with control, ExCR participation was
associated with improvements in disease-specific HRQoL as assessed by the Minnesota Living with Heart Failure Questionnaire
(MLHFQ) [weighted mean difference (WMD): —6.72, 95% confidence interval (Cl): —12.00 to —1.44, P = 0.013] and Kansas City
Cardiomyopathy Questionnaire (KCCQ) total scores (WMD: 5.34, 95% Cl: 1.75 to 8.93, P < 0.0001) and generic HRQoL
assessed by Short-Form 36 and EQ-5D. There was evidence (P <0.05) of greater improvements in MLHFQ total score with EXCR
in trials with shorter exercise duration (<60 min/session), the presence of risk of bias, and larger sample size (>45 patients).
Included trials were small and demonstrated substantial clinical and statistical heterogeneity with a range of: (1) population
definitions (e.g., definition of HFpEF of >45% vs. >50%, level and nature of comorbidities), (2) EXCR interventions (e.g., exercise
only vs. comprehensive CR programmes, different modes and intensity of exercise, centre- and home-based delivery) and (3)
methods of HRQoL assessment (e.g., disease specific vs. generic measure).

Conclusions This meta-analysis of RCT evidence shows that participation in EXCR provides important gains in HRQoL of peo-
ple with HFpEF. However, the results should be interpreted with caution given the substantial clinical and statistical heteroge-
neity. Well reported, fully powered RCTs with longer follow-up are needed to confirm these findings.
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This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.
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Introduction

Heart failure (HF) affects more than 64 million people
worldwide.* The European Society of Cardiology (ESC) 2023
guidelines define HF with preserved ejection fraction (HFpEF)
as a left ventricular ejection fraction (LVEF) of >50%.% Cur-
rently, HFpEF accounts for approximately 50% of all incident
HF, a proportion that is expected to increase with population
ageing.® People with HFpEF experience high rates of hospital-
ization, morbidity and mortality.* Poorer levels of health-
related quality of life (HRQolL) in HFpEF have been reported
compared with HF with reduced ejection fraction (HFrEF).>

A number of studies of HF therapies that have been shown
to benefit people with HFrEF have had limited efficacy in
HFpEF.® However, there is an increasing body of evidence
supporting the beneficial impact of exercise-based cardiac re-
habilitation (EXCR).” EXCR involves a structured exercise pro-
gramme tailored to improve patient cardiovascular health
and well-being that can delivered in inpatient, outpatient,
community or home-based setting.®? It is recommended that
EXCR include psychosocial or educational interventions
—‘comprehensive CR’. While an individual-participant meta-
analysis of randomized controlled trials (RCTs)*° shows the
beneficial effects of EXCR participation on HRQoL in HFrEF,
the evidence base in HFpEF remains less certain.'*

This study aims to provide a contemporary and compre-
hensive update on the impact of EXCR on HRQolL in people
with HFpEF by undertaking a systematic review and
meta-analysis of RCTs.

Methods

This study was conducted and reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidance.*?

Search strategy

The following bibliographic databases were searched: Medline,
Embase, Web of Science, Cumulated Index in Nursing and Allied
Health Literature (CINAHL), Cochrane Central Register of Con-
trolled Trials (CENTRAL) and China National Knowledge Infra-
structure (CNKI) over the period January 2001 to April 2024.
Older studies (i.e., published before 2001) were not considered
as they may not reflect contemporary clinical practice. The ref-
erence lists of included studies and relevant reviews were
searched manually for potentially additional studies. Inclusion
was limited to English and Chinese language studies.

Eligibility criteria

RCTs were included if the met the following criteria: (1)
adults (>18 years) with an LVEF of >45% (this threshold was
chosen to reflect the range of HFpEF definitions employed
by previous trials); (2) participating in an ExCR programme;
(3) with no exercise control group and (4) reporting HRQoL
assessed using disease-specific or generic measure at
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>12 weeks post-randomization. Trials not available as full-
text publications were excluded. A single reviewer (C. D.)
assessed trial inclusion based on review of title and abstracts
or publication full text. Inclusion was checked by a second
reviewer (Y. G.). Where inclusion decisions could not be
resolved, a third reviewer (R. S. T.) was involved.

Data extraction

Data extraction included study characteristics (i.e., year and
county of publication, EXCR delivery model, trial follow-up pe-
riod and sample size), patient characteristics [i.e., LVEF, New
York Heart Association (NYHA) class, age, gender and comor-
bidities], EXCR intervention details (i.e., exercise training du-
ration, frequency, intensity and delivery setting), and HRQoL
outcome measures used and their results. Where reported,
we extracted both the total and subscore/domain scores of
HRQoL measures.>>™*® Inclusion was undertaken by a single
reviewer (C. D.) and checked by a second reviewer (Y. G.).

Bias assessment
Risk of bias for each trial was assessed using the revised

Cochrane tool for RCTs (RoB 2).}” This included the following
risk of bias domains: (1) randomization process (concealment

Figure 1 PRISMA flow diagram of study selection process.

and random sequence generation); (2) deviations from
intended intervention delivery; (3) outcome measurement;
(4) outcome reporting. Each domain was classified as ‘low
risk’ (low probability of bias affecting the outcome); ‘some
concerns’ (potential bias may influence result confidence);
and ‘high risk’ (high probability of bias significantly affecting
confidence in results). Funnel plots and the Egger test'® were
used to assess publication bias when there were 10 or more
trials.

Statistical analysis

Continuous variables and HRQoL effect sizes were expressed
as weighted mean difference (WMD) and 95% confidence In-
tervals (95% Cls). Given the potential level of clinical hetero-
geneity across included trials due to variations in population
characteristics and the nature of ExCR interventions, a ran-
dom effects meta-analysis was used. Three-arm study results
were assessed using the Cochrane ‘combining groups
method’.*®

A Z-test was used to determine if the pooled WMD
between ExCR and control was statistically significant at a P
value < 0.05. Cochran’s Q test (y” test) and /* statistic were
used to quantify the level of statistical heterogeneity
across included trials.?° An /? value of 25%, 50% and 75% in-
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dicated ‘low’, ‘moderate’ and ‘high’ statistical heterogeneity,
respectively.

Statistical heterogeneity was explored using subgroup and
sensitivity where there were 10 or more studies reporting the
same HRQoL outcome.?® The following trial level subgroups
were pre-defined: (1) sample size (<median vs. >median);
(2) LVEF (>45% vs. >50%); (3) exercise training duration
(<60 min/session vs. > 60 min/session); and (4) EXCR delivery
model [centre-based, home-based, vs. hybrid (combination
of centre and home)]. Sensitivity analyses were conducted,
separately pooling ‘low-risk’ trials and trials that were judged
to be either ‘some concerns or high risk’ groups.'” All statis-
tical analyses were conducted using StataMP 18.

Results
Study selection

Following the de-duplication of the database searches, a total
of 293 titles and abstracts were assessed for screening, of
which 276 were excluded. Twenty-two full-text papers
reviewed for inclusion, and 10 were excluded (see
Appendix S1). Two trials?>?*> were excluded as they focused
on training specifically targeting the inspiratory muscles.
The remaining 13 publications included data on 12 RCTs
(see Figure 1). One trial was three-arm?® with two separate
exercise intervention groups (moderate and high intensity).
All included RCTs provided data on HRQolL that could be in-
cluded in meta-analysis.

Study and population characteristics

The 12 included trials recruited a total of 1005 HFpEF
patients. The study and population characteristics for each
included trial are summarized in Tables 1 and 2. Seven trials
were conducted in the United States, three in Europe, one
in Australia and one in China. Patients’ characteristics ranged
widely across trials. Participant’s median age was 68.5 years
with a predominance of females (63%). Four trials defined
HFpEF as an LVEF > 45% and eight trials as >50%. The median
sample size was 61 patients, two trials,>>** having more than
100 participants. Two trials?®**®> had a follow-up of
>6 months, the median follow-up being 16 weeks across all
trials. Nine trials undertook centre-based CR delivery, and
the remainder were home-based. The dose of exercise inter-
vention prescription varied considerably across studies with a
range of programme duration of 12-52 weeks with two to
four sessions per week of 20-60 min/session.

A range of HRQoL outcomes were reported including the
generic measures of the Short Form-36 (SF-36) (five trials)
and the EuroQol (EQ-5D) (two trials) and the disease-specific
measures of the Minnesota Living with Heart Failure

Table 1 Population characteristics of included trials.
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2
.5 .
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403 = 7.1
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1

Abbreviations: BMI, body mass index; ExCR, exercise-based cardiac rehabilitation; LVEF, left ventricular ejection fraction; NR, not reported; NYHA, New York Heart Association; SD, stan-

dard deviation.
“Median (interquartile range).

Brubaker et al., 2020

Kitzman et al., 2013
FuT-Cetal., 2016
Kitzman et al., 2016
Lang et al., 2017
Mentz et al., 2021
Mueller et al., 2021
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Table 2 (continued)

HRQoL
measures

Exercise
frequency

Exercise session

Follow-up Delivery

Author
(year)

Results summary

duration

Exercise intervention

(weeks)  model

Country

Outpatient sessions or low intensity institution or top to
walking and strengthening exercises 30 min/session at

home-
based

or

home

KCCQ overall scale increased significantly (95% Cl:

2 to 19) in the moderate continuous training

group in 12 months.

at home on nonprogramme days
High-intensity training: Bicycle

KCCQ

HIIT group: 38 min/ HIIT group:

Hybrid

52

Mueller

aerobic endurance training; 10 min session; MCT group: 3 days/week;

et al., 2021

MCT group:
5 days/week

40 min/session

warm-up, 4 X 4 min intervals,
interspaced by 3 min cool down

Moderate training: Bicycle aerobic

endurance training

Abbreviations: HIIT, high-intensity interval training; HRQoL, health-related quality of life; KCCQ, Kansas City Cardiomyopathy Questionnaire; MCT, moderate continuous training;

MLWHF, Minnesota Living with Heart Failure questionnaire; NR, not reported; SF-36, Short Form-36; UK, United Kingdom; US, United States.

Questionnaire (MLHFQ) (nine trials) and the Kansas City
Cardiomyopathy Questionnaire (KCCQ) (three3 trials).

Risk of bias assessment

Lack of reporting meant that risk of bias was judged to be un-
certain across the majority of trials for the domains of ran-
domization process (sequence generation and allocation con-
cealment), deviations from intended intervention (failure to
blind participants or carers and inappropriate statistical anal-
ysis used to estimate the effects) and selection of reported
result (no protocol available, lack of complete outcome
reporting and details of analysis method). Trials were judged
to have a low risk for the ‘missing outcome data’ (8/12 trials)
domain. All trials had high risk of ‘measurement of the out-
come’ (see Figure 2 and Appendix S1).

HRQol findings

Table 3 and Figure 3 provide a summary of pooled HRQoL re-
sults across trials.

MLHFQ

Compared with no exercise control, at follow-up, ExCR
improved pooled WMD total MLHFQ score by —6.72 points
(95% Cl: —12.00 to —1.44) (see Figure 3A). There was weak
evidence of an improvement in MLHFQ physical and emo-
tional subscales. Statistical heterogeneity was high.

KCCQ

There was an improvement in KCCQ with ExCR (WMD: 5.34;
95% Cl: 1.75 to 8.93) (see Figure 3B). Statistical heterogeneity
was low.

SF-36

Improvements were seen in SF-36 physical component score
(PCS) (WMD: 1.99; 95% Cl: 0.17 to 3.81), in mental compo-
nent score (MCS) (1.32, 95% Cl: —6.54 to 9.19) and with
‘vitality scale’ (WMD: 8.5; 4.14 to 12.87) (see Figure 3C).
Statistical heterogeneity ranged from low to high.

EQ-5D

Pooled analysis was not possible as EQ-5D data were re-
ported using different metrics. Both Mentz et al.?* and Lang
et al.’® had weak evidence of an improvement in HRQoL
EQ-5D visual analogue scale—ExCR versus control mean differ-
ence: —4 (95% Cl: —9 to 0) and EQ-5D index score—ExCR ver-
sus control mean difference: 0.11 (95% Cl: —0.04 to 0.26),
respectively.

ESC Heart Failure 2025; 12: 3929-3939
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Figure 2 Summary of overall risk of bias across included studies.

Summary of risk of bias assessment across included trials

Missing outcome data

Selection of the reported result

Randomization process

Deviations from intended interventions

Measurement of the outcome

I Low Risk of Bias
Some Concerns
I High Risk of Bias

o4

20 40

:
100 Percentage (%)

Table 3 Summary of HRQoL meta-analyses: EXCR vs. control.

Pooled result EXCR vs. control

N studies

HRQoL outcome (N patients)

at follow-up WMD
(95% Cl)?, P value

Outcome
measure MCID

Statistical heterogeneity
I? statistic

MLHFQ total 9
MLHFQ physical subscale 6 (
MLHFQ mental subscale 6 (
KCCQ overall summary score 3(411)
SF-36 physical component score 4(
SF-36 mental health component score 3(

—6.72 (—12.00 to —1.44), 0.013 70.9% (high) 5.0 points

—2.98 (—6.35 to 0.39), 0.084 73.1% (high)

—1.30 (—4.47 to 1.87), 0.421 92.2% (high)
5.44 (1.40 to 9.49), 0.008 20.4% (low) 5.0 points
2.20 (—0.24 to 4.63), 0.077 30.4% (moderate) 1.0 point
1.32 (—6.54 t0 9.19), 0.741 79.7% (high) 1.0 point

®Random effect meta-analysis model.

Abbreviations: EQ-5D, EuroQoL; ExCR, exercise-based cardiac rehabilitation; HRQoL, health-related quality of life; KCCQ, Kansas City
Cardiomyopathy Questionnaire; MCID, minimum clinically important difference; MLHFQ, Minnesota Living with Heart Failure question-
naire; N, number; SF-36, Short-Form-36; WMD, weighted mean difference.

Exploration of statistical heterogeneity

There were sufficient trials to formally explore statistical het-
erogeneity for MLHFQ total score. For this outcome, subgroup
analysis showed that mean exercise training session duration
and trial sample size as potential predictors of the impact of
EXCR (see Appendix S1). Trials of >60 min/session had evi-
dence of a smaller ExCR effect (P < 0.01) than trials of duration
of <60 min/session (WMD: —2.26; 95% Cl: —6.12 to 1.61 vs.
WMD: —16.05; 95% Cl: —19.83 to —12.27, between group
heterogeneity P < 0.001). Larger sample size group was asso-
ciated with larger effects (WMD: —10.58; 95% ClI: —13.46 to
—7.89, P=0.02). No impact was seen for trial publication date
(<10 years old: WMD: —6.85, 95% Cl: —10.47 to —3.23 vs.
>10 years old: WMD: —10.74, 95% Cl: —14.30 to —7.17, be-
tween group heterogeneity P = 0.134), HFpEF definition
(LVEF > 50%: WMD: —9.15; 95% Cl: —11.79 to —6.51 vs.
LVEF > 45%: WMD: —4.68, 95% Cl: —14.07 to 4.70, between
group heterogeneity P = 0.369) or ExCR mode of delivery
(centre-based-WMD: —8.95, 95% Cl: —11.56 to —6.34;
home-based—WMD: —6.52, 95% Cl: —17.59 to 4.55, between
group heterogeneity P = 0.675).

Sensitivity analyses indicated that bias domains of devia-
tion from intended interventions, missing outcome data and

selection of the reported results may all be sources of high
statistical heterogeneity. Except for the domain of missing
outcome data, the ‘low-risk’ group was associated with low
statistical heterogeneity. The heterogeneity tests between
all groups were statistically significant (P < 0.05) (see
Appendix S1).

Publication bias

There was no evidence of funnel asymmetry for total MLHFQ
score (Egger test: P = 0.193, see Appendix S1).

Discussion

This systematic review and meta-analyses of randomized tri-
als presents evidence of EXCR in improving HRQoL of people
with HFpEF compared with no exercise control. Our study
showed HRQoL improvements are consistent across both
disease-specific (i.e., MLHFQ and KCCQ) and generic (i.e.,
SF-36 and EQ-5D) outcomes and appear to be driven by im-
provements in both physical and mental well-being. Impor-
tantly, the magnitude of improvement was not only statisti-
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Figure 3 Forest plots of EXCR versus control for HRQoL in HFpEF patients (A) MLHFQ, (B) KCCQ and (C) SF-36. 95% Cl, 95% confidence interval; WMD,

weighted mean difference.
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Figure 3 Continued
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cally significant but also clinically meaningful. The mean im-
provements in both MLHFQ and KCCQ exceeded the reported
minimally important clinical difference for both instruments
of 5 points (see Table 2).2728

Our finding of the beneficial effects of EXCR on HRQol is
consistent with a previous meta-analysis.** However, in con-
trast to the present study, this previous analysis was limited
to a single HRQolL outcome (e.g., MLHFQ) and included a
smaller number of RCTs.

Differences in patient population (e.g., HFpEF definition
and sex distributions), nature of ExCR interventions (e.g., du-
ration, intensity) across included trials and risk of bias, are
likely to have contributed to high levels of statistical hetero-
geneity seen in this review. We undertook extensive sub-
group and sensitivity analyses to explore this heterogeneity.
While analyses showed that the benefits of EXCR appeared
to be consistent across trial definition of HFpEF (LVEF >45%
vs. >50%), the effect size of trials varied by trial mean exer-

T T T T T
30 2 10 0 10 2 0

Control improves Treatment improves

cise session duration and risk of bias. Trials with shorter exer-
cise session duration (<60 min/session) were associated with
larger HRQoL gains than those with longer duration. This find-
ing may reflect shorter training sessions to avoid excessive fa-
tigue, allowing patients to benefit more fully from ExCR and
accumulate more health benefits.?° Furthermore, psycholog-
ically shorter training sessions may facilitate better adher-
ence. Physical fatigue, mental stress and the monotony of re-
petitive exercises were significant psychological factors that
can affect patients undergoing ExCR.2° This finding empha-
sises the importance of tailoring EXCR programmes to the
specific needs of patients.

Strengths and limitations

Our study provides a comprehensive analysis of the impact of
EXCR in people with HFpEF. However, we also recognize limi-
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tations in our study. First, included trials were small and dem-
onstrated substantial clinical heterogeneity in terms of (1)
their population definition (e.g., definition of HFpEF of
>45% vs >50%, level and nature of comorbidities); (2) nature
of the EXCR intervention (e.g., exercise only vs. comprehen-
sive CR programmes, different modes and intensity of exer-
cise, different delivery settings—centre vs. home); and (3)
HRQoL assessment (e.g., disease specific vs. generic mea-
sure). We undertook random effects meta-analysis and
pre-specified subgroup and sensitivity analyses to examine
the impact of this heterogeneity. Second, all included trials
were open label so that patients knew whether they were al-
located to intervention or control. As a patient-reported out-
come, HRQoL is subject to reporting bias and placebo
effects.! Third, some HRQoL outcomes were not consistently
collected or reported across trials. For example, EQ-5D was
only assessed in two included trials, each reporting different
outcome metrics resulting in data pooling not being possible.
Four, lack of detailed methodological reporting by trials made
the risk of bias assessment difficult. Finally, the high levels of
statistical heterogeneity (i.e., > > 75%) observed across
HRQoL outcomes may have made our findings unreliable.
However, our subgroup and sensitivity analyses did show that
this heterogeneity was at least partly explainable and driven
by trial risk of bias and variation in exercise session duration.

Implications for future practice, policy
and research

As recently highlighted by the intriguingly entitled editorial: 1
don’t wanna live forever’—importance of quality of life in
heart failure patients, HRQoL is now a recognized key target
for HF management alongside the traditional focus of drugs
and medical devices on reducing hospitalization and
mortality.>? The European Association of Preventive Cardiol-
ogy recently published their consensus paper on HRQoL*®
and in 2020 the US Food and Drug Administration accepted
KCCQ as an outcome that can be used in drug approval for
HF.*®

Our pooled analyses of RCTs are supportive of the impor-
tance of ExCR referral and participation for people with
HFpEF to provide clinically relevant improvements in their
HRQoL. However, our analyses also highlight the need for
well reported fully powered RCTs of ExCR with adequate
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