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Physical Exercise Modalities for the Management of Heart
Failure With Preserved Ejection Fraction: A Systematic
Review and Meta-Analysis

Yuan Guo, MD, PhD,*{ Changhu Xiao, MD,} Kaixuan Zhao, MD,} Ziyu He, MD,7 Sha Liu, MD, }
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Abstract: Different physical exercise modalities have been widely
studied in patients having heart failure with preserved ejection fraction
(HFpEF) but with variably reported findings. We, therefore, conducted
a systematic review and meta-analysis to evaluate whether the efficacy
of physical activity in the management of HFpEF is related to exercise
modalities. PubMed and Embase were searched up to July 2021. The
eligible studies included randomized controlled trials that identified
effects of physical exercise on patients with HFpEF. Sixteen studies
were included to evaluate the efficiency of physical exercise in
HFpEF. A pooled analysis showed that exercise training significantly
improved peak oxygen uptake (VO,), ventilatory anaerobic threshold,
distance covered in the 6-minute walking test, the ratio of early dia-
stolic mitral inflow to annular velocities, the Short Form 36 physical
component score, and the Minnesota Living with Heart Failure
Questionnaire total score. However, the changes in other echocardio-
graphic parameters including the ratio of peak early to late diastolic
mitral inflow velocities, early diastolic mitral annular velocity, and left
atrial volume index were not significant. Both high-intensity and
moderate-intensity training significantly improved exercise capacity
(as defined by peak VO,), with moderate-intensity exercise having a
superior effect. Furthermore, exercise-induced improvement in peak
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VO, was partially correlated with exercise duration. Physical exercise
could substantially improve exercise capacity, quality of life, and some
indicators of cardiac diastolic function in patients with HFpEF. A
protocol of moderate-intensity exercise training lasting a longer dura-
tion might be more beneficial compared with high-intensity training
for patients with HFpEF.
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INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF)
is a clinical syndrome, the prevalence of which is increasing.
It accounts for more than half of all cases of HF.! HFpEF has
been identified as a heterogeneous disease leading to an intri-
cate clinical phenotype because it is typically accompanied by
multiple comorbidities such as hypertension, diabetes melli-
tus, obesity, and aging.!-> Comprehensive phenotyping eval-
uations of patients with HFpEF involve assessments for
multisystem pathophysiological abnormalities that result in
substantial morbidity and mortality. Very few effective treat-
ments are available for HFpEF.23 Fortunately, recent clinical
trials exploring therapeutic strategies for HFpEF have re-
ported some promising results.

Well-documented evidence has shown that aerobic
exercise—based cardiac rehabilitation affords potent pro-
tection against cardiovascular diseases.*® Exercise has been
reported to confer multisystem benefits against cardiovascular
diseases, such as exercise-induced inhibition of car-
diomyocyte hypertrophy, inflammation, fibrosis, and micro-
vascular dysfunction, and improvement in mitochondrial
metabolism and endothelial function.”'9 Exercise-induced
systemic biological effects indicate that it could be a prom-
ising adjuvant therapy for the management of HFpEF.

Several clinical trials have been conducted to evaluate
the effects of exercise in patients with HFpEF; however,
variable findings have been reported thus far.!1~13 Most stud-
ies reported that exercise training not only markedly increased
cardiorespiratory fitness, exercise capacity, and quality of life
(QOL) score but also improved cardiac diastolic function in
patients with HFpEF.!2-14-15 However, some controversy per-
sists regarding the benefits of exercise for patients with
HFpEF. Smart et al'® investigated the effects of physical
exercise and found no significant changes in diastolic
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function and QOL scores after a 16-week exercise program in
patients with HFpEF. On the other hand, Palau et all’
observed that 12-week inspiratory muscle training could sig-
nificantly improve exercise capacity and QOL but without
any change in diastolic function parameters. Thus, the differ-
ences in the findings pertaining to the effectiveness of phys-
ical exercise as a strategy for the management of HFpEF
deserve more investigation.

Recently, it has been demonstrated that all intensities of
physical activity are associated with a substantially reduced
risk of death in a dose-response manner.'® However, the dif-
ferential effects of exercise modalities on HFpEF exist. Mueller
et al'” evaluated the effect of different exercise intensities in
patients with HFpEF and found that both high-intensity inter-
val training and moderate continuous training were not superior
to guideline-based physical activity in improving peak oxygen
uptake (VO,). Donelli da Silveira et al'? reported that com-
pared with moderate continuous training, high-intensity inter-
val training was far more effective in improving peak VO, and
thus could be a potential exercise modality for patients with
HFpEF. These findings indicate that exercise modalities might
be an explanation for the outcome deviations noted, suggesting
the importance of establishing an exercise protocol for patients
with HFpEF. Hence, in this systematic review and meta-
analysis, we evaluated current literature to investigate the effi-
cacy of exercise training for the management of HFpEF.
Furthermore, we analyzed the effects of different exercise
modalities to elucidate exercise-induced protective effects
against diseases so as to guide therapeutic strategies.

METHODS
The Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement was followed to
conduct this systematic review and meta-analyses.?°

Literature Search Strategy

Electronic databases of PubMed and Embase of
controlled trials were searched from inception of the database
to 31 July 2021. Searches were limited to randomized
controlled trial (RCT) and clinic trails in all languages. The
MeSH terms of “diastolic heart failure” and “aerobic exer-
cise” were mainly used. Besides, potentially eligible studies
were also checked and reviewed from trials, textbooks, and
abstracts of scientific meetings without language restriction.

Study Selection

Two authors (C.Z. and X.C.) independently reviewed
and screened the titles and abstracts. After exclusions based
on title and abstract review, the full text was reviewed by the
2 investigators to evaluate eligibility. Studies were eligible if
(1) the RCT or clinical trial was performed in patients with
HFpEF; (2) exercise training was conducted; (3) baseline
information was available and a specific exercise protocol
was implemented; and (4) at least one of the following
outcome measures was assessed: exercise capacity, left
ventricular (LV) diastolic function, and QOL. Any disagree-
ment in the inclusion of an article was resolved by discussion
with a third investigator.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Data Extraction

Detailed full-text articles were independently conducted
by the 2 authors. Data were extracted based on study design,
characteristics, and outcomes. Basic characteristics include
year of publication, study design, sample number, sex,
cardiac function, comorbidity, duration of follow-up, and
exercise training protocol. Outcome indicators of exercise
capacity, LV diastolic function, and QOL were, respectively,
extracted for analysis. All analyzed data have been shown in
Supplemental Digital Content 1 (see Table S1, http:/links.
lww.com/JCVP/A793).

Risk of Bias Assessment

Two reviewers (Z.K. and H.Z.) independently assessed
the risk of bias according to the Cochrane risk of bias tool.
The quality of the included studies was, respectively,
assigned as low, high, or unclear risk of bias, and the overall
risk was visually displayed using RevMan 5.3 software.
Agreement for the methodological quality assessment
between both observers was tested, and disagreement was
resolved by consensus.

Statistical Analysis

The effects of exercise training were calculated as
differences between the means at baseline and the end of
exercise training. Data pooled and analyzed with random-
effects models, P < 0.05 was considered having significance
after Z test. For continuous variables, the mean * SD or
median (interquartile range) values were analyzed and out-
comes were presented as standardized mean differences
(SMDs) and 95% confidential intervals (Cls). For each out-
come, heterogeneity was assessed using Cochran’s Q and I?
statistic, and P < 0.05 with I> > 50% was considered signif-
icant. In case of significant heterogeneity, Galbraith plot anal-
ysis of the individual study was performed to quantitatively
assess the source of bias. Subgroup analyses and metaregres-
sion models were conducted to identify the heterogeneity. All
statistical analyses were performed using STATA 12.0 soft-
ware (StataCorp, College Station, TX).

RESULTS

Eligible Studies and Characteristics

The search strategy yielded a total of 208 publications.
After the screening of titles and abstracts, a full-text review
was performed for 34 studies. Eighteen articles were excluded
because exercise training was not used as an intervention in
these studies or the results did not meet the screening criteria.
In all, 16 studies were finally included in the qualitative
analysis (Fig. 1).!1-17-1921-28 The inclusion and exclusion
criteria and main outcomes of these included studies have
been shown in Supplemental Digital Content 2 (see
Table S2, http:/links.lww.com/JCVP/A794). The character-
istics of these studies are detailed in Table 1 and Table 2.
Based on the pooled data, 597 individuals diagnosed with
HFpEF were included in the exercise training group. The
mean percentage of female patients was 70%, and the
patients’ age range was 60-75 years. The most prevalent
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TABLE 1. Characteristics of Studies Included in the Meta-Analysis
NYHA Body
Mean Class, Mass
Age LVEF Index
(Years), (%), (kg/m?),
Sample  Mean *= Sex (% Mean * Mean * Comorbidities Medication Follow-Up
Source Design No. SD Race Female) SD SD (%) (%) Period
Mueller RCT 176 69.5 NR 67 1~ 29.8 £ Hypertension B-blockers 12-month
et al'® 8.8 =50 5.4 (85.2); (64.8);
Hyperlipidemia Thiazide/loop
(69.9); diuretics
Diabetes (26.1); (56.8);
CAD (28.4); ACEV/ARBs
. (73.3);
AF (27'8)’. Aldosterone
SAS (18.8); antagonists
Donelli da Single- 19 60 £ 9 NR 63.2 I~111 335 % Hypertension ACEI/ARBs 12-week
Silveira blinded, 65 + 5 5.4 (100); (100);
et al'? parallel RCT Dyslipidemia B-blockers
(57.9); (89.5);
Diabetes (57.9); Thiazide/loop
CKD (15.8); diuretics (100);
AF (10.5); Statins (78.9);
Aldosterone
CAD (263) blockers
(31.6); CCBs
(68.4);
antiplatelets
(68.4)
Brubaker RCT 116 69.8 White 81 II~1II 313 * Hypertension ACEI (35.3); 16-week
et all3 6.5 (58.2%) 60 + 0.5 6.3 (84.5); Diuretic (56);
Diabetes (20.7) B-blockers
(21.6);
CCBs (37.1);
Digoxin
(11.2);
Nitrates (10.3)
Palau et al?? Open-label 28 75 +94 NR 60.7 ~1v 325 + Hypertension Furosemide 12-week
RCT 68.1 = 5.2 (96.4); and other
8.6 Diabetes (35.7); ~ diuretics (75);
Dyslipidemia B-blockers
(75); (85.7);
CAD (28.6); Statins (64.3);
AF (53.6) ACEI/ARBs
(67.9)
Pandey RCT 24 70.0 £ White 833 II~111 299 * Hypertension Diuretics 16-week
et al?® 6.4 (88%) 60 = 5 5.9 87); (41.7);
Diabetes (13) ACEI (33.3);
B-blockers
(29.2);
CCBs (45.8)
Maldonado-  Prospective, 47 65 NR 87.2 I~ NR NR NR 16-week
Martin single- =50
et al?! blinded RCT
Shaltout Double- 9 70.6 = White 89 I~1I1 315 = Hypertension ACEI/ARBs 4-week
al?8 blind RCT 7.6 (67%) 5.4 (100); (55.6);
Diabetes (20) Diuretics
(55.6);
B-blockers
(22.2);
CCBs (22.2)
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TABLE 1. (Continued) Characteristics of Studies Included in the Meta-Analysis

NYHA Body
Mean Class, Mass
Age LVEF Index
(Years), (%), (kg/m?),
Sample  Mean *= Sex (% Mean * Mean * Comorbidities Medication Follow-Up
Source Design No. SD Race Female) SD SD (%) (%) Period
Kitzman Single-blind 100 66.5 = White 81 I~1II 394 = Hypertension ACEI/ARBs 20-week
et al'! RCT 5.2 (55%) 6l + 6 6.1 95); (72);
Diabetes (35); Diuretics (76);
AF (2) Nitrates (9);
B-blockers
(40);
CCBs (35)
Angadi RCT 15 64.6 £ NR 20 I1~1I1 29.6 = Diabetes (26.7) ACEI/ARB 4-week
et al'4 10.2 65 + 5 42 (53.3);
Aspirin (60);
B-blockers
(66.7);
Diuretics
(53.3);
Statins (5.3);
Coumadin
(33.3);
CCBs (40)
Nolte et al?>  Single-blind 64 65 =7 NR 56 II~111 315 Overweight; ACEI/ARBs 12-week
RCT 67 =7 Diabetes; (66);
Hypertension; B-blockers
Hyperlipidemia (50);
Diuretics (45)
Palau et al'” RCT 26 73+ 74 NR 50 n~1v 324 = Hypertension B-blockers 12-week
70 + 6.4 (96.2); (84.6);
11.1 Dyslipidaemia Diuretics
(88.5); (57.7);
Diabetes (57.7); ACEI/ARB
IHD (46.2); (69.2);
AF (34.6) Statins (84.6);
Oral
anticoagulants
(46.2);
Nitrates (7.7);
Digoxin (3.8)
Yeh et al?’ RCT 16 65.5 White 50 I~11I 33 =+ CAD (37.5); ACEI/ARBs 12-week
10.9 (81%) 63.5 = 11.8 Arrhythmia (62.5);
8.4 (31.3); Diuretics (75);
Hypertension B-blockers
(75); (68.8);
Diabetes (18.8);  Nitrates (12.5);
Dyslipidaemia CCBs (43.8)
(50);
Renal disease
(37.5)
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TABLE 1. (Continued) Characteristics of Studies Included in the Meta-Analysis

NYHA Body

Mean Class, Mass
Age LVEF Index
(Years), (%), (kg/m?),
Sample  Mean *= Sex (% Mean * Mean * Comorbidities Medication Follow-Up
Source Design No. SD Race Female) SD SD (%) (%) Period
Kitzman Single-blind 63 70 £ 7 White 76.2 I~11I1 32.1 Hypertension Diuretics 16-week
et al** RCT (76.2%) 56.9 + 6.6 (88.9); (60.3);
5.5 Diabetes (23.8) ACEI/ARBs
(46);
B-blockers
(22.2);
CCBs (31.7);
Estrogen
(34.9);
Nitrates (11.1)
Smart RCT 25 64.3 + NR 48 ~II1 32.1 £ Hypertension B-blockers (4); 16-week
et al' 6.8 57.8 + 6.4 (16); ACEI/ARBs
9.8 Diabetes (16) (76);
Diuretics (8)
Edelmann Single-blind 64 65 =7 NR 56 I~1I1 31 %5 Overweight ACEI/ARBs 12-week
et alls RCT 67 + 7 (89); (65.6);
Diabetes (14); B-blockers
Hypertension (50);
(86); Diuretics
Hyperlipidemia (45.3)
47
Kitzman RCT 46 70 £ 6 White 86.7 I~1I1 30.5 Diabetes (19.6); ACEI (27.3); 16-week
et al* (80%) 60.5 6.4 Hypertension Digoxin
8.6 (85.7) (15.6);
Diuretics
(61.4);
Nitrates (11.6);
B-blockers
(27.3);
CCBs (42.2)

ACE], angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARBs, angiotensin receptor blockers; CAD, coronary artery disease; CCBs, calcium channel blockers; CKD,
chronic kidney disease; IHD, ischemic heart disease; LVEF, left ventricular ejection fraction; NR, not reported; PAD, peripheral artery disease; RCT, randomized clinical trial; SAS,

sleep apnea syndrome.

comorbidities were hypertension, diabetes, and dyslipidemia.
The exercise duration mainly ranged from 4 to 20 weeks and
with a longest follow-up period reached to 12 months.
Furthermore, 95% of the participants completed exercise
training, and the exercise intensity was confirmed to range
from moderate to high. The exercise modalities in these
selected studies included walking, cycling, tai chi, and inspi-
ratory muscle training. Most of the protocols were defined as
regular exercise to high-intensity exercise with a weekly fre-
quency of 2-3 sessions, with each session lasting for 20-60
minutes.

Quality Assessment

The Cochrane risk of bias assessment tool was used to
perform quality assessment. Among these evaluated studies,
14 of them have been identified as good and 2 of them were
considered as moderate (see Fig. S1, Supplemental Digital
Content 3, http:/links.Iww.com/JCVP/A790).
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Analyzed Outcomes

Exercise Capacity

The most typical indicators of cardiorespiratory fitness
include VO, (mL/kg/min), ventilatory anaerobic threshold
(VAT, mL/min), and ventilatory equivalent (VE)/carbon dioxide
production (VCO,) slope. Furthermore, the distance covered in
the 6-minute walking test (6 MWT, m) has been widely used to
evaluate exercise capacity. After pooling data, 16 studies involv-
ing 567 participants showed a significant improvement in peak
VO, after exercise training when compared with that at baseline
[SMD (95% CI), 0.61 (0.43-0.80)]. Furthermore, the heteroge-
neity of peak VO, among the studies was identified as signifi-
cant (I> = 50.5%, P = 0.011) (Fig. 2A). Galbraith plot analysis
revealed the Mueller study'® as the main cause of this hetero-
geneity (see Fig. S2A, Supplemental Digital Content 3,
http://links.Iww.com/JCVP/A791).

Seven studies including 228 individuals also showed
substantially significant VAT after exercise training compared

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Physical Exercise Modalities in Included Studies

Exercise Training Modalities

Source
Mueller et al'® HIT
MCT
Guideline exercise
Donelli da Silveira et al'? HIT

Brubaker et al'3

Palau et al®3

Pandey et al?®

Maldonado-Martin et al?!
Shaltout et al?®

Kitzman et al'!
Angadi et al'#
Nolte et al

Palau et al'”

Yeh et al 2013

Kitzman et al?*
Smart et al'®
Edelmann et al's

Kitzman et al?®

Moderate intensity

HIT
MCT

3 times per week for 38 minutes per session, with maximum 80%-90% of heart rate reserve
5 times per week for 40 minutes per session, with maximum 35%-50% of heart rate reserve
1 time advice on physical activity according to guidelines
3 times per week for 12 consecutive weeks, with 80%—-90% of peak VO, and 85%—-95% of peak heart rate
3 times per week for 12 consecutive weeks, with 50%—60% of peak VO, and 60%—-70% of peak heart rate
3 times per week for 16 weeks (48 sessions) of moderate-intensity endurance exercise, with maximum
60% heart rate reserve
Inspiratory muscle training twice daily (20 minutes each session) for 12 weeks, resistance equal to 25%—
30% of their maximal inspiratory pressure for 1 week and was modified each session to 25%-30% of their
measured maximal inspiratory pressure
3 times a week for 16 weeks (48 sessions) of supervised exercise training, with maximum 60%-70% of
heart rate reserve
3 times a week for 16 weeks (48 sessions) of exercise training, with maximum 50%-70% of peak VO,
3 exercise sessions per week for 4 weeks of moderate-intensity exercise training, with maximum 70% of
heart rate reserve
3 times per week for 20 weeks consisting primarily of walking exercise, and intensity level was progressed
as tolerated and based primarily on heart rate reserve
3 times per week for 4 weeks (12 sessions) of treadmill training, with maximum 85%-90% peak heart rate
3 times per week for 4 weeks (12 sessions) of treadmill training, with maximum 70% peak heart rate
12 weeks (32 sessions) of supervised, facility-based training consisting of endurance and resistance
training, with a maximum target heart rate of 70% of baseline peak VO,

Inspiratory muscle training twice a day (20 minutes per session) for 12 weeks, with breathing at a
resistance equal to 25%-30% and modified each session according to the 25%-30% of inspiratory muscle
training measured
Tai chi intervention consisted of 1-hour group classes held twice weekly for 12 weeks, included traditional
warm-up exercises followed by 5 simplified tai chi movements; aerobic exercise included 1 hour twice a
week with low-to-moderate training intensity
3 times per week for 16 weeks (48 sessions) of endurance exercise training, with initially at 40%-50% of
heart rate reserve and intensity increased gradually until 70% heart rate reserve
16 weeks of supervised, outpatient, cycle ergometer exercise training, with initial intensity of 60%—70%
peak oxygen consumption and uptitrated by 2—5 Watts per week
12 weeks (32 sessions) of endurance and resistance training, with a target heart rate of 50%—60% of peak
V02
3 days per week for 16 weeks (48 sessions) of supervised aerobic exercise training, with exercise intensity
increased to 60%—70% of heart rate reserve

HIIT, high-intensity interval training; MCT, moderate continuous training; peak VO,, peak oxygen uptake.

with that at baseline [SMD (95% CI), 0.59 (0.40-0.78)],
which was identified to be without heterogeneity (Fig. 2B).
Furthermore, 12 among the 16 RCTs determined the VE/
VCO, slope after exercise training and found it to not be
significant compared with that at baseline [SMD (95% CI),
—0.18 (—0.37 to 0.01), P = 0.06]. In addition, the heteroge-
neity of the VE/VCO, slope did not reach significance
(Fig. 2C). Regarding the 6MWT, 9 studies with 273 patients
determined the distance covered. We found a significant
increase in the distance covered in the 6MWT by patients
with HFpEF after exercise training [SMD (95% CI), 0.59
(0.42-0.76)], suggesting that the distance covered in the
6MWT is a representative indicator of exercise capacity
(Fig. 2D). Thus, the pooled data analysis revealed that phys-
ical exercise significantly improved cardiorespiratory fitness
and exercise capacity in patients with HFpEF.

Cardiac Diastolic Function
Regarding the LV diastolic function, echocardiographic
parameters such as the ratio of peak early to late diastolic mitral

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

inflow velocities (E/A), the ratio of early diastolic mitral inflow
to annular velocities (E/e’), the early diastolic mitral annular
velocity (¢/, cm/s), and left atrial volume index (LAVI, mL/m?)
were calculated.?*3! The most widely used indicator for the
evaluation of cardiac diastolic function is E/A. Nine of the 16
RCTs reported the impact of exercise training on E/A value,
and pooling across analysis showed no significant change in
the E/A of patients with HFpEF after exercise intervention
[SMD (95% CI), 0.03 (—0.16 to 0.21)] (Fig. 3A). Regarding
E/e/, another important indicator used for evaluating the dia-
stolic function was evaluated in 12 trials with 425 patients. We
found that it significantly reduced after exercise training com-
pared with that at baseline [SMD (95% CI), —0.28 (—0.53 to
—0.04)]. The heterogeneity of E/e’ among the studies was
significant (I = 60.1%, P = 0.004) (Fig. 3B). Galbraith plot
analysis further identified the Edelmann study'> as the main
reason for this heterogeneity (see Fig. S2B, Supplemental
Digital Content 3, http:/links.lww.com/JCVP/A791).

Eight studies with 286 patients having HFpEF evalu-
ated ¢, and pooled analysis showed that € after exercise
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] [ identified through other
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Eligibility Screening

Included

FIGURE 1. Flow diagram of the systematic
review.

training was not significant (SMD [95% CI], 0.13 [-0.16,
0.43]). Nevertheless, substantial heterogeneity of e was
found in these studies (I> = 60.2%, P = 0.014) (Fig. 3C).
Galbraith plot analysis showed that this heterogeneity was
mainly attributable to the Edelmann study!’ (see Fig. S2C,
Supplemental Digital Content 3, http://links.lww.com/
JCVP/A791). LVAI was evaluated in 6 studies with 207 indi-
viduals. Pooling analysis revealed that LAVI change after
exercise training was not significant compared with that at
baseline [SMD (95% CI), —0.18 (—0.36 to —0.01), P =
0.065]. Thus, although most echocardiographic parameters
showed changes without significance, the pooled data showed
that E/e/ significantly improved after exercise training, indi-
cating it may be the most sensitive indicator of diastolic
function.

QOL

General QOL was assessed with the 36-item Short
Form Health Survey (SF-36) physical component score, and a
high score indicated a better QOL. HF-specific QOL was
generally assessed using the Kansas City Cardiomyopathy
Questionnaire (KCCQ) and Minnesota Living with Heart
Failure (MLWHF) scores. A high KCCQ score or a low
MLWHF score indicated a better QOL.

A pooled analysis of data from 6 RCTs involving 215
patients showed significant improvement in SF-36 scores
after exercise training compared with that in the control group
[SMD (95% CI), 0.65 (0.45-0.84)] (Fig. 4A). Regarding
QOL, 11 studies with 291 individuals evaluated it based on
MLWHF scores. It has been shown that exercise training
could significantly reduce MLWHF scores compared with
baseline [SMD (95% CI), —0.60 (—0.76 to —0.43)]. Both

704 | www.jcvp.org
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scores were found to have heterogeneity without significance
(Fig. 4B). This finding indicated that physical exercise could
significantly improve QOL in patients with HFpEF.

Only 2 studies evaluated QOL based on the KCCQ
score. Pooling analysis showed that exercise training slightly
improved the KCCQ score in patients with HFpEF [SMD
(95% CI), 0.66 (—0.10 to 1.43), P = 0.088]. Furthermore,
there was significant heterogeneity (I> = 89.8%, P = 0.002)
(Fig. 4C). However, the reason for this heterogeneity could
not be determined because of the limited number of studies.
Thus, the sensitivity of the KCCQ score for the evaluation of
QOL among patients with HFpEF should be confirmed with
more trials.

Differential Effects Across Subgroups

Significant heterogeneity existed in the effects of
exercise on peak VO,, E/¢/, and ¢/, and these differential
effects may result from exercise intensity and duration in
patients with HFpEF. Three studies reported the use of
moderate-intensity and high-intensity exercise for patients
with HFpEF. Pooled analysis of 3 studies with 150 partici-
pants showed a significant difference in peak VO, between
the exercise training and control groups [SMD (95% CI), 0.30
(0.05-0.54), P = 0.018]. However, subgroup analysis showed
that E/e’ and ¢ were not markedly significant. Furthermore,
compared with high-intensity training, moderate-intensity
exercise increased peak VO, more effectively (Fig. 5).

A regression analysis was conducted to identify
whether exercise duration was related to the differential
effects of exercise in patients with HFpEF. Pooling data
analysis revealed that peak VO, was positively but not sig-
nificantly correlated with exercise duration (P = 0.07, see

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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Study %

D SMD (95% CI)  Weight
Angadi (2015) —_— 0.24 (-0.33, 0.80) 6.13
Brubaker (2020) [ 0.97 (0.55, 1.39) 8.10
Donelli da Silveira (2020) ———%———  0.80(0.13,146) 506
Edelmann (2011) —_— 0.50 (0.08, 0.93) 8.08

—_——

Kitzman (2010) + 0.90 (0.33, 1.47) 6.03
Kitzman (2013) —— 052 (0.02,1.02) 6.98
Kitzman (2016) — i 072(0.29, 1.14) 8.12
Maldonado-Martin (2017) ——*——— 1.02(040,163) 553
Mueller (2021) 4= 0.14 (-0.07, 0.36) 11.73
Nolte (2015) —_— 050 (0.08, 0.93) 8.08
Palau (2014) ————+———— 085(0.08,163) 4.08
Palau (2019) —— e 094(0.16,1.73) 401

Pandey (2017) ———%——— 1.09(0.48,1.70) 5.62

Shaltout (2017) —_— T 0.27 (-0.65, 1.20) 3.13
Smart (2012) —— 0.70 (-0.02, 1.41) 4.57
Yeh (2013) —_—— 0.05 (-0.64, 0.75) 4.76
Overall (I-squared = 50.5%, p = 0.011) <> 0.61 (0.43, 0.80) 100.00
NOTE: Weights are from random-effects analysis
T T
-1.73 0 1.73
Peak VO,

Study %
D SMD (95% Cl) Weight

i
Angadi (2015) _— 0.04 (-0.68,0.75) 5.54
Donelli da Silveira (2020) —_— -0.56 (-1.21,0.09) 6.47
Kitzman (2010) —— 0.14 (-0.40, 0.69) 8.39

i
Kitzman (2013) —_—— 0.16 (-0.33,0.65) 9.67

i
Kitzman (2016) —— -0.14 (-0.55,0.27) 12.11
Maldonado-Martin (2017) —%—— 0.00 (-0.58, 0.58) 7.70
Mueller (2021) ‘:—0— -0.02 (-0.24,0.19) 20.77
Nolte (2015) — -0.52 (-0.95,-0.10) 11.58

i
Palau (2014) —_— -0.66 (-1.42,0.10) 5.00
Palau (2019) —_— -0.56 (-1.31, 0.20) 5.05
Shaltout (2017) _ 0.32 (-0.61, 1.25) 3.56

]
Smart (2012) %‘—:P -0.97 (-1.82,-0.12) 4.16
Overall (I-squared = 32.5%, p = 0.130) <> -0.18 (-0.37, 0.01) 100.00

Y

i
NOTE: Weights are from random-effects analysis:

T T
-1.82 0 1.82
VE/VCO, slope

Study %

ID SMD (95% Cl)  Weight

Brubaker (2020) ———  072(030,1.13) 2072

Edelmann (2011) —v—'— 0.75 (0.32, 1.19) 18.86

Kitzman (2010) ——o—— 0.46 (-0.09, 1.01)11.64
:

Kitzman (2013) —-— 0.57 (0.07, 1.07) 14.13

Kitzman (2016) - 0.43 (0.01,0.84) 20.68

T
————=%————0.76(0.16, 1.36) 9.84

Maldonado-Martin (2017)

Shaltout (2017) 0.04 (-0.89, 0.96)4.14

i
Overall (I-squared = 0.0%, p = 0.755) <> 0.59 (0.40, 0.78) 100.00

NOTE: Weights are from random-effects analysis|

T
-1.36 0 1.36

B
VAT
Study %
D SMD (95% Cl) Weight
Brubaker (2020) —o— 0.69 (0.28, 1.10)17.45
Edelmann (2011) ——0—%— 0.28 (-0.14, 0.70)6.80
Kitzman (2010) —H— 0.83 (0.26, 1.399.21
Kitzman (2013) ——*—%— 0.40 (-0.10, 0.89)2.09
Kitzman (2016) ——o— 0.86 (0.43, 1.28)16.22
Maldonado-Martin (2017) —v—oﬁ 0.84 (0.23, 1.44)8.13
Palau (2014) ——o—‘— 0.37 (-0.37, 1.125.30
Pandey (2017) —— e 0.72(0.13, 1.308.67
Yeh (2013) —_._‘._ 0.21 (-0.49, 0.906.13
Overall (I-squared = 0.0%, p = 0.492) <> 0.59 (0.42, 0.76)100.00
NOTE: Weights are from random-effects analysis i
-1744 0 1.|44
D
6MWT

FIGURE 2. Forest plot showing effects of physical exercise on exercise capacity. The indicators of exercise capacity were calculated
as differences between the means at baseline and the end of exercise training. After data pooled as continuous variables and
analyzed with random-effects models, the difference was considered significant when P < 0.05. Heterogeneity was assessed using
Cochran’s Q and I? statistic, and P < 0.05 with 12 > 50% was considered significant. All results are reported as an SMD (baseline
after exercise) with a 95% Cl. A, Peak VO, (P < 0.001). B, VAT (P < 0.001). C, VE/VCO; slope (P = 0.06). D, 6MWT distance (P <

0.001).

Fig. S3A, Supplemental Digital Content 4, http://links.Ilww.
com/JCVP/A792). Similarly, the regression analysis showed
that E/e’ and ¢ were also related to exercise duration but
without significance (see Fig. S3B-C, Supplemental Digital
Content 4, http://links.lww.com/JCVP/A792). Thus, the dif-
ferential effects of exercise training in patients with HFpEF
were at least in part related to exercise intensity and duration.

DISCUSSION
The principal findings of this meta-analysis showed that
exercise training could significantly improve exercise capac-
ity, LV diastolic function (as defined by E/e’), and QOL score

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

in patients with HFpEF. The subgroup analysis further sug-
gested that compared with high-intensity training, moderate-
intensity exercise might improve peak VO, more signifi-
cantly. The regression analysis indicated that peak VO, was
positively correlated with exercise duration in patients with
HFpEF. Exercise training intensity and duration could at least
partly be the source of heterogeneity in the analyzed studies.

The 16 RCTs included in this meta-analysis reported
that exercise training could significantly improve exercise
capacity in patients with HFpEF, which was assessed based
on peak VO,, VAT, and distance covered in the 6MWT. This
result has been confirmed by previous studies. Leggio et al®?
analyzed 9 studies and found that exercise training
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Study % Study %
D SMD (95% Cl)  Weight
D SMD (95% Cl)  Weight
: Angadi (2015) —_— -028(-1.00,044) 6.67
Angadi (2015) e — 0.15(-0.57,0.87) 6.86 Donell da Silveira (2020)é—#——— 079 (-1.45,-0.13) 7.33
Donelli da Silveira (2020) - 0.12(:0.75,052) 871 Edelmann (2011) _— -0.80 (-1.24,-037) 10.55
T !
‘ :
Kitzman (2010) ————%——————  046(009,101) 1162 Kitzman (2013) = » “005£0.54,044): 0.67
] Kitzman (2016) —_— 0.08 (-0.33,0.49) 10.97
Kitzman (2013) _— -0.05 (-0.54,0.44) 14.68 i
i Mueller (2021) —— -001(-0.22,021) 1411
Kitzman (2016) _— 0.06 (-0.34,0.47) 21.10 !
! Nolte (2015) _— -0.80 (-1.24,-037) 10.55
Nolte (2015) —_— -0.03(-0.45,0.39) 20.20 Palau (2014) _— 056 (1.32,020) 6.29
| !
Shaltout (2017) - 0.17(:0.75,1.10) 4.1 Palau (2019) _— 013 (-0.87,061) 6.42
i '
Smart (2012) ‘ 033(1.14,048) 543 Shaltout (2017) T 049(045,143) 474
i Smart (2012) _— 0.23(-057,1.03) 584
Yeh (2013) — -0.24(-0.94,0.46) 7.29 i
> Yeh (2013) _ e 047 (-1.17,024) 6.85
Overall (I-squared = 0.0%, p = 0.829) } 0.03(:0.16,0.21) 100.00 !
(-sa B ) < ¢ ) Overall (I-squared = 60.1%, p = 0.004) < >> 028 (-0.53,-0.04) 100.00
! ’
NOTE: Weights are from random-effects analysis || NOTE: Weights are from random-effects analysis!
y T . r

114 0 114
Study %
D SMD (95% CI) Weight
:
Angadi (2015) —0——:— -0.14 (-0.86, 0.57) 10.00
!
Donelli da Silveira (2020) A 3074(009,140) 1099
!
Edelmann (2011) | ——=——  072(020,1.15 1588
'
Kitzman (2016) _ -0.19 (-0.60,022) 1642
'
Mueller (2021) — 0,09 (-0.31,0.12) 2121
'
Palau (2014) —_— 0.25(-0.50,0.99) 9.57
Shaltout (2017) : 0.00(:0.92,092) 7.22
Smart (2012) —%— 0.26 (-1.06,0.55) 8.70
!
Overall (I-squared = 60.2%, p = 0.014) <:> 0.13(-0.16,0.43) 100.00
i
NOTE: Weights are from random-effects analysis i
T T
14 0 14
C E:

T
-1.45 0 145

B

Ele’
Study %
D SMD (95% Cl)  Weight
Angadi (2015) 0.03 (-0.69, 0.74) 6.88
Donelli da Silveira (2020) -—-é—‘- -0.05 (-0.69, 0.58) 8.71
Edelmann (2011) —o— -0.51 (-0.93, -0.08) 19.53

i
Mueller (2021) —:'—— -0.08 (-0.34,0.18) 52.20
Palau (2014) -0.23 (-0.98, 0.51) 6.37
Palau (2019) -0.30 (-1.04, 0.45) 6.31
Overall (I-squared = 0.0%, p = 0.627) <> -0.18 (-0.36,0.01) 100.00
NOTE: Weights are from random-effects analyé\s

T ‘ T
-1.04 0 1.04
D
LAVI

FIGURE 3. Forest plot showing effects of exercise training on cardiac diastolic function. The indicators of cardiac diastolic function
were calculated as differences between the means at baseline and the end of exercise training. After data pooled as continuous
variables and analyzed with random-effects models, the difference was considered significant when P < 0.05. Heterogeneity was
assessed using Cochran’s Q and |2 statistic, and P < 0.05 with 12 > 50% was considered significant. All results are reported as an
SMD (baseline—after exercise) with a 95% CI. A, E/A (P = 0.79). B, E/e’ (P =0.023). C, ¢ (P =0.381). D, LAVI (P = 0.065).

significantly improved peak VO,, distance covered in the
6MWT, and ventilatory threshold in patients with HFpEF.
Fukuta et al’>3 demonstrated the effects of aerobic exercise
on patients with HFpEF by analyzing 8§ studies and reported
a significant improvement in exercise capacity. Unlike that in
previous studies, in this study, we performed a subgroup
analysis to determine the potential differences among the
included studies and found that compared with high-
intensity training, moderate-intensity exercise may be more
beneficial in increasing exercise capacity. Besides, a larger
study sample size was included in this meta-analysis than in
previous works, which increases result accuracy.

In this meta-analysis, we also tested whether exercise
training could significantly improve E/e¢’ and found that other
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echocardiographic parameters including E/A, €/, and LAVI
did not have a significant impact. This finding is largely con-
sistent with that of a previous report, and the most recent
meta-analysis reported that cardiac diastolic function changed
after exercise training in patients with HFpEF, although the
difference was not significant.3>-3* However, the finding that
E/e’ significantly improved after exercise training may be a
result of more RCTs being included in this meta-analysis.
This also suggests that E/e’ may be the most important indi-
cator for evaluating cardiac diastolic function.

We found that exercise training could significantly
improve QOL. Most studies evaluated QOL in patients with
HFpEF by using the SF-36 and MLWHEF scores. Although
our analysis showed that both indicators improved after

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 4. Forest plot for the effect of exer-
cise training on quality of life. The indicators
of quality of life were calculated as differences
between the means at baseline and the end
of exercise training. After data pooled as
continuous variables and analyzed with
random-effects models, the difference was
considered significant when P < 0.05.
Heterogeneity was assessed using Cochran'’s
Q and |2 statistic, and P < 0.05 with 12 > 50%
was considered significant. All results are re-
ported as an SMD (baseline—after exercise)
with a 95% CI. A, SF-36 score (P < 0.001). B,
MLWHEF score (P < 0.001). C, KCCQ score (P
= 0.088).

SF36

Study %
ID SMD (95% CI) Weight
Brubaker (2020) _—— 0.70 (0.26, 1.13) 20.10
Edelmann (2011) —_—— 0.68 (0.23, 1.13) 18.53
Kitzman (2010) ——0—5— 0.21 (-0.34, 0.75) 12.69
Kitzman (2013) ———————+—————— 0.79(0.14, 1.43) 9.07
Kitzman (2016) —_——— 0.75 (0.32, 1.17) 21.08
Nolte (2015) N S 0.68 (0.23, 1.13) 18.53
Overall (I-squared = 0.0%, p = 0.698) Q 0.65 (0.45, 0.84) 100.00
NOTE: Weights are from random-effects analysis E
T T
-1.43 0 1.43
Study %
ID SMD (95% Cl) Weight
Brubaker (2020) —= -0.73 (-1.16,-0.29)  14.69
Donelli da Silveira (2020) —o—;— -1.00 (-1.68, -0.32) 6.05
Edelmann (2011) —_— -0.43 (-0.87, 0.01) 14.44
Kitzman (2010) —:—0—— -0.32 (-0.86, 0.23) 9.26
Kitzman (2013) +— -0.53 (-1.16, 0.10) 6.96
Kitzman (2016) —_—— -0.75 (-1.17,-0.32)  15.49
Nolte (2015) —%—0— -0.43 (-0.87, 0.01) 14.44
Palau (2014) —0—4— 1.22(-2.03,-041) 4.21
Palau (2019) - -0.92 (-1.71,-0.14)  4.51
Smart (2012) ——.—— -0.22 (-1.03, 0.58) 4.30
Yeh (2013) —n—o—— -0.39 (-1.09, 0.31) 5.66
Overall (I-squared = 0.0%, p = 0.586) <> -0.60 (-0.76, -0.43)  100.00
NOTE: Weights are from random-effects analysis |
T T
-2.03 o 2.03
Study %
D SMD (95% Cl) Weight
Kitzman (2016) L e 1.08(0.64,152) 46.88
Mueller (2021) PR 0.30 (0.08, 0.51) 53.12
Overall (I-squared = 89.8%, p = 0.002) <© 0.66 (-0.10, 1.43) 100.00

NOTE: Weights are from random-effects analysis

T
-1.52
C
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Study
ID SMD (95% Cl) pvalue
Peak VO2(ml/kg/min)
H —w:-o— 0.17 (-0.15,0.50) .018
M —— 0.42 (0.09, 0.76)
Subtotal (I-squared = 10.6%, p = 0.290) <> 0.30 (0.05, 0.54)
E e ;
H —_— -0.24 (-0.56, 0.08) .109
M — -0.13 (-0.46, 0.19)
Subtotal (I-squared =0.0%, p=0.653) <> -0.19 (-0.42, 0.04)
e(cm/s) !
H — -0.01(-0.33,0.31) .92
M —_— 0.04 (-0.29, 0.37)
Subtotal (I-squared = 0.0%, p = 0.831) <> 0.01(-0.22, 0.24)
Overall (I-squared =49.5%, p = 0.078) <> 0.04 (-0.15, 0.23)
NOTE: Weights are from random-effects analysis :

| |

-2 0

FIGURE 5. Effects of exercise intensity on exercise capacity and cardiac diastolic function across subgroups. High-intensity and
moderate-intensity exercise training on peak VO2, E/€/, and e’ were, respectively, compared. All results are reported as an SMD
(baseline after exercise) with a 95% CI. Peak VO, reflects exercise capacity. E/e’ means the ratio of early diastolic mitral inflow to
annular velocities, and e’ means early diastolic mitral annular velocity, which indicates left ventricular diastolic function.

exercise training, the finding remains controversial.?>32
Recently, the KCCQ score was used to evaluate QOL in
patients with HFpEF. It was found that exercise training could
also increase the KCCQ score but not significantly. This find-
ing may be largely attributable to the inclusion of only 2
RCTs for analysis and exhibits substantial significance het-
erogeneity between the trials. Besides, this bias could also be
explained by differences in the comorbidities of the patients.

The heterogeneity of these studies has been analyzed,
and Galbraith plot analysis was used to identify specific
studies. Numerous factors might cause these heterogeneities,
including studied criteria and outcomes and patient’ charac-
teristics of age, race, comorbidities, and different training
interventions. The subgroup analysis helped determine poten-
tial reasons for the observed magnitude of heterogeneity. The
most distinctive difference of the design in the Mueller’s
study is that different exercise intensity and duration were
included.'® The subgroup analysis in this study showed that
both moderate-intensity and high-intensity exercise could
benefit patients with HFpEF, while compared with high-
intensity training, moderate-intensity exercise could result in
a greater improvement in peak VO,. This finding is inconsis-
tent with that reported by Angadi et al,'* who found that

708 | www.jevp.org

high-intensity exercise training could be more potent com-
pared with moderate-intensity exercise for early exercise
training adaptations in patients with HFpEF. Besides, a recent
study reported that low-volume high-intensity exercise is
inefficient for the modulation of total body fat mass or total
body fat percentage compared with nonexercise control and
moderate exercise training.3> This also suggests that different
exercise modalities affect patients differently.

It has been found that moderate-intensity exercise could
more effectively attenuate LV remodeling, with the greatest
benefits afforded by long-term training compared with high-
intensity exercise training performed for 2-3 months.
Nevertheless, the latter remains superior to nonexercise con-
trol.3®¢ We also found that exercise capacity increased with
longer exercise duration. This suggests that long-term exer-
cise training could afford sustainable benefits for patients with
HFpEF.

LIMITATIONS
This meta-analysis has the following limitations. First,
the sample sizes of the studies included in this systematic
review were relatively small. The pooling analysis of the

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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differential effects of exercise intensity only included 3
studies, which may cause deviation in results across sub-
groups. Second, typical indicators were chosen for this meta-
analysis. However, not all indicators of cardiorespiratory
fitness and diastolic function reported in these studies were
included, which might also lead to a bias. Moreover, the
subgroup analysis to identify the significant heterogeneity
between studies mainly included exercise intensity and
duration, although sex differences, aging, and comorbidities
might also be the reasons for the variability.

CONCLUSIONS

To the best of our knowledge, this meta-analysis is the
first to highlight the beneficial effects of different physical
exercise modalities for patients with HFpEF. It provides
evidence that indicators of exercise capacity, LV diastolic
function (as determined E/e¢’), and QOL significantly
improved after physical exercise in patients with HFpEF,
although partial indicators of cardiac diastolic function
changed without having a significant impact. Moreover, both
moderate-intensity and high-intensity exercise could benefit
patients with HFpEF, and moderate exercise training may
increase peak VO, more as compared with high-intensity
exercise. Improvement in exercise capacity is positively
related to exercise duration to some extent in patients with
HFpEF. These results deserve further investigation.
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