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Abstract

Left ventricular (LV) diastolic dysfunction is associated with the pathophysiology of heart failure with preserved ejection
fraction (HFpEF) and contributes importantly to exercise intolerance that results in a reduced quality of life (QOL) in HFpEF
patients. Although the effects of exercise training on LV diastolic function, exercise capacity, or QOL in HFpEF patients have
been examined in randomized clinical trials (RCTs), results are inconsistent due partly to limited power with small sample
sizes. We aimed to conduct a meta-analysis of RCTs examining the effects of exercise training on LV diastolic function and
exercise capacity as well as QOL in HFpEF patients. The search of electronic databases identified 8 RCTs with 436 patients.
The duration of exercise training ranged from 12 to 24 weeks. In the pooled analysis, exercise training improved peak
exercise oxygen uptake (weighted mean difference [95% CI], 1.660 [0.973, 2.348] ml/min/kg), 6-min walk distance
(33.883 [12.384 55.381] m), and Minnesota Living With Heart Failure Questionnaire total score (9.059 [3.083, 15.035]
point) compared with control. In contrast, exercise training did not significantly change early diastolic mitral annular velocity
(weighted mean difference [95% CI], 0.317 [—0.952, 1.587] cm/s), the ratio of early diastolic mitral inflow to annular
velocities (— 1.203 [—4.065, 1.658]), or LV ejection fraction (0.850 [—0.128, 1.828] %) compared with control. In conclusion,
the present meta-analysis suggests that exercise training improves exercise capacity and QOL without significant change in
LV systolic or diastolic function in HFpEF patients.
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Introduction

Nearly half of patients with heart failure (HF) in the commu-
nity have preserved ejection fraction (EF) and the mortality
and morbidity of patients with HF with preserved EF (HFpEF)
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are high [1-3]. However, there is no established pharmaco-
therapy to improve survival in HFpEF [4-8]. Patients with
HFpEF are often elderly and their primary chronic symptom
is severe exercise intolerance that results in a reduced quality
of'life (QOL) [9, 10]. Thus, improvement of exercise capacity
and QOL presents another important clinical outcome in
HFpEF patients.

There is much evidence that left ventricular (LV) dia-
stolic dysfunction is associated with the pathophysiology
of HFpEF [11-13] and studies have reported that LV di-
astolic dysfunction contributes importantly to exercise in-
tolerance in HFpEF patients [14—17]. Although the effects
of endurance exercise training on LV diastolic function,
exercise capacity, or QOL in HFpEF patients have been
examined in randomized clinical trials (RCTs) [18-25],
results are inconsistent due partly to limited power with
small sample sizes. Accordingly, we aimed to conduct a
meta-analysis of RCTs examining the effects of exercise
training on LV diastolic function and exercise capacity as
well as QOL in HFpEF patients.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10741-019-09774-5&domain=pdf
http://orcid.org/0000-0002-9577-6586
https://doi.org/10.1007/s10741-019-09774-5
mailto:fukuta-h@med.nagoya-cu.ac.jp

536

Heart Fail Rev (2019) 24:535-547

Methods

This meta-analysis was performed and reported according to
the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) [26].

Studies on the effect of exercise training on LV diastolic
function, exercise capacity, or QOL in patients with HFpEF
published until October 31, 2018 were identified using
PubMed and EMBASE databases. For search of the eligible
studies, the following keywords and Medical Subject Heading
were used: diastolic heart failure, heart failure with normal
(preserved) ejection fraction, exercise, and training. Our liter-
ature search was limited to studies involving human subjects
and those published in English. Additionally, we manually
searched the references that were cited in other relevant pub-
lications. Studies were considered eligible if they (1) included
HF patients with preserved EF, (2) were RCT, (3) used cycling
and/or walking as the primary training modality, (4) compared
with standard medical care or placebo control group, and (5)
assessed at least one of the following outcome measures: LV
diastolic function, exercise capacity, and QOL.

Primary outcomes of interest were LV diastolic function,
exercise capacity, and QOL. In the measures of LV diastolic
function, the ratio of peak early to late diastolic mitral inflow
velocities (E/A), the E-wave deceleration time, the ratio of
early diastolic mitral inflow to annular velocities (E/e’), and
the early diastolic mitral annular velocity (e') were extracted.
In the measures of exercise capacity, peak exercise oxygen
uptake (VO,) by expired gas analysis and 6-min walk distance
(6MWD) were extracted. In the measures of QOL, scores of
Minnesota Living With Heart Failure Questionnaire
(MLHFQ) and the 36-item Short-Form Survey (SF-36) were
extracted.

Secondary outcomes of interest were LV systolic function
and LV structure. In the measures of LV systolic function and
structure, LVEF, LV end-diastolic volume, and LV mass were
extracted.

Other outcomes of interest were peak heart rate (HR) and
peak systolic and diastolic blood pressure during exercise test
and HR reserve which was defined as the difference between
peak HR during exercise test and HR before exercise.

Information on the study and patient characteristics, meth-
odological quality, intervention strategies, and clinical out-
comes was systematically extracted separately by two re-
viewers (TG and KW). Disagreements were resolved by
consensus.

For each outcome, the effect size for the intervention was
calculated by the difference between the means of the inter-
vention and control groups at the end of the intervention. If the
outcome was measured on the same scale, the weighted mean
difference (WMD) and 95% confidential interval (CI) were
calculated. Otherwise, the standardized mean difference
(SMD) and 95% CI were calculated. For each outcome,
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heterogeneity was assessed using the Cochran’s Q and F* sta-
tistic; for the Cochran’s Q and P statistic, a p value of <0.1
and F* >50% were considered significant, respectively [27].
When there was significant heterogeneity, the data were
pooled using a random-effects model; otherwise, a fixed-
effects model was used. All analyses were based on
intention-to-treat data. All the included studies did not report
the standard deviation of the change or the correlation of the
pre- and post-measurements and did only the pre- and post-
measurements. Accordingly, the correlation was conservative-
ly set at 0.5 as previously reported [28]. For all analyses,
Comprehensive Meta-Analysis Software version 2 (Biostat,
Englewood, NJ, USA) was used.

Results

The study identification and selection process is summarized
in Fig. 1. A total of 8 trials including 436 HFpEF patients were
included in the present meta-analysis.

Characteristics of the included trials are summarized in
Table 1. Of the included trials, four trials were conducted in
the USA, two in Asia, one in Europe, and one in Oceania.
Follow-up duration ranged across trials from 12 to 24 weeks.
As to the primary outcomes of interest in the present meta-
analysis, five trials reported the effect of exercise training on
EJ/A, three trials on E-wave deceleration time, four trials on £/
e', three trials on €', five trials on peak VO,, five trials on
6MWD, seven trials on MLHFQ, and five trials on SF-36.
As to the secondary outcomes of interest, seven trials reported

Titles identified from electronic
bibliographies and screened for retrieval

N=1755

Excluded based on

v

screening title or abstract

N=1746
I
v
Potentially appropriate publications
retrieved for full evaluation
N=9
N Excluded
Patient duplication, N =1

|
h 4

8 studies included

Fig. 1 Selection process for studies included in meta-analysis



537

Heart Fail Rev (2019) 24:535-547

AoAINg w10 J-110YS WAN-9¢ 9£-7S ‘Oerdn uadAxo os1010x0 yead ¢ yvag ‘portodar jou YA ‘drreuuonsand)

am[ied 1edH YA\ SUIAIT RIOSQUUIN OH T/ ‘UONRIOOSSY HBOH 10X MON VHAN ‘TR[NOLIUIA o] A7 ‘AJel edY Y ‘UONORI] UON0S[d /77 “QUIN[OA OI[OISBIP-PUS A ‘AIOO0[OA Je[nUUR [BNIUW OT[0)SBIP
K180 0 “SaTIO0[OA JE[NUUE 0) MOJJUI [EN)IUI OT[OISEIP A[Ted JO ORI ) ,3/7 ‘SSNIO0[OA MOTJUI [BIIUI JT[OISEIP 3Je] 0} AJ1ed ead Jo oner ) /7 ‘oW UONLISR0dP OABM-T (7 ‘@0UeISIP Y[em UI-9 (JMAN9

syoam 7
COA Nead Jo 908
dd  9¢-4S ‘OdHTN ‘2/7 9Ied [ens() SuIpPAD S93M/SWN) ¢ Ui (¢ III-11 %0S < uemref, 0/0 0¢€/0¢ [s] Tereng
uonoLnsal
9¢-AS ‘OAHTA JLIO[ed 10 S329M (¢
‘AMIN9 COA [1eo auoydayey QAISSAI YH JO %0L ~
ssewt AT AJIAT ‘A4 edd 2 2/d ‘V/d  [01U0d uonuany Sunjem Seamy/sown ¢ | -1 %08 < vsn €/S 6v/1s [l Te1e uewzyryy
9¢-dS S3ooM 9
‘OAHTAN ‘AMN9 [[eo auoydaya) QARSI YH JO %0L ~
AQAAT A ““OA Yeed ‘1A ‘V/Z  101U0d UONUINY Surppko/Sunyrem Sam/sawn ¢ Y | M-I %08 < vsn 1/8 1g/ce  [eT] e e uewzry
SOIM T
YH [eWIXeW Jo 96/ ~
CEl vid 9Ied [ens(y Surpoo/[upear], 3PM/SAWL ¢ Ul O¢ AN 5SS < [9BIS] 0/0 11/0T [2T] ‘1e 10 seAly
(19497
OdHTN Ajianoe [ensn S32m 9
COA Mead JO dourudUIEM) COA Nead Jo %0L ~
LKl ‘PP 1A v/ 9Ies [ens() SuIpPAD S93M/SWN ¢ ‘UL (¢ HI-II %Sy < eljensny |Vi% y1/91 [12] e 30 wews
(19497
9¢-4S Ajianoe [ensn jo SYOAM T
‘OAH TN ‘AMIN9 oouBTRJUTET) Sururen COA Nead 3o 9,09 ~
ssew AT AJIAT ‘A4 COA e 2 ‘2/H QIED [eNS()  QOUEISISAI + SUIDAD)  309M/SOUIN €~ ‘UI Op—(0T 11 %05 < Auewian 1/Z 17/9%  [02] Te 10 uuewiepy
9¢-dS S3oMm 9]
‘OJHTAN ‘AMIN9 [[eo auoydajoy OAIRSAI YH JO %0L ~
ssell AT AQAAT A COA ¥edd LA ‘V/4  [0HU0d uonuany Surpoko/Sunyrem SJpam/sawn ¢ Y | M-I %08 < vsn €/0 L79T  [61] Te 1o uewzry
weidoxd syeom 71
[euonjeonpa UH 19818} JO 909 ~
- OdHTA ‘AMIN9 amjrey JesH Sunyrem SPdMm/SoWn ¢ ‘U Op—0¢ M-I %Sy < vsSn ¢/1 91/91 [81] e 10 Aren
[onuod
/OSIOIOXd N/ [OX)UOD
uoneInp ‘Aysuoiur ‘dn-moqjoj  /os1oroxo
QW0oINO AIRpu0ddS Qwoono Arewtg [onuo) Ayirepowr Sururely, ‘Kouanbaiy ‘own UOISSAS  SSB[O VHAN 14 Anuno) 0] SSOT ‘N Anug Apmsg
sonsueloeIRyd ApmS | d|qel

pringer

Qs



538

Heart Fail Rev (2019) 24:535-547

the effect of exercise training on LVEF, four trials on LV end-
diastolic volume, and three trials on LV mass.

Baseline patient characteristics of the included trials are
summarized in Table 2. Many patients were taking HF and
hypertension standard medications such as angiotensin
converting enzyme inhibitors or angiotensin receptor blockers
ranging across trials from 23% to 92%, beta-blockers from 4%
to 75%, and diuretics from 8% to 76%. Baseline measures of
the primary, secondary, and other outcomes of interest in the
present meta-analysis are shown in supplement Tables 1, 2,
and 3.

The effect of exercise training on LV diastolic function is
shown in Fig. 2. There was no significant difference in the
changes of E/A (WMD [95% CI]=0.030 [-0.023, 0.082];
Prandom =0.266), E-wave deceleration time (—2.040 [—
26.534, 22.454] ms; Prangom = 0.870), E/e’ (—1.203 [—4.065,
1.658]; Prandom=0.41), or ¢’ (0.317 [-0.952, 1.587] cm/s;
Prandom = 0.624) between exercise training and control groups.

The effect of exercise training on exercise capacity is
shown in Fig. 3. Exercise training significantly increased peak
VO, (WMD [95% CI]=1.660 [0.973, 2.348] ml/min/kg;
Prandom <0.001) and 6MWD (33.883 [12.384 55.381] m;
Py <0.01) compared with the control group.

The effect of exercise training on MLHFQ score is shown
in Fig. 4. Exercise training significantly improved total score
(WMD [95% CI]=9.059 [3.083, 15.035] point; Prandom <
0.01) and physical limitation scale (3.574 [0.590, 6.559]
point; Py, <0.05) but not emotional limitation scale (—0.993
[—2.948, 0.962] point; P.ngom =0.320) compared with
control.

The effect of exercise training on SF-36 score is shown in
Fig. 5. Exercise training significantly improved role limita-
tions due to physical problems (WMD [95% CI]=11.989
[2.711, 21.267] point; Pg, <0.05) and physical component
score (4.450 [0.327, 8.572] point; P andom < 0.05) but not role

limitations due to emotional problems (10.196 [—3.999,
24.391] point; Prangom =0.159) or mental component score
(2.187 [ 3.171, 7.545] point; Pangom = 0.424) compared with
control.

The effects of exercise training on LV systolic function and
LV structure are shown in Fig. 6. There was no significant
difference in changes of LVEF (WMD [95% CI] = (0.850 [—
0.128, 1.828] %; Pg,=0.088), LV end-diastolic volume
(SMD [95% CI]=—0.034 [-0.276, 0.208]; Pgx=0.784), or
LV mass (SMD [95% CI]1=0.072 [-0.205, 0.350]; Pgy =
0.609) between exercise training and control groups.

The effects of exercise training on HR reserve and peak HR
and systolic and diastolic blood pressure during exercise test
are shown in Fig. 7. Exercise training significantly increased
HR reserve compared with the control group (WMD [95%
CI]1=7.521 [1.797, 13.246]; Pgy <0.05). In contrast, there
was no significant difference in changes of peak HR (WMD
[95% CI1]=7.25 [-0.868, 15.369]; Prandom =0.080) or peak
systolic (1.409 [—3.264, 6.082]; Prangom = 0.555) or diastolic
blood pressure (—1.335 [—5.378, 2.709]; Prandom = 0.518)
during exercise test between exercise and control groups.

When the pooled analysis was restricted to six trials that
included HF patients with EF > 50%, the results substantially
remained unchanged. There was no significant difference in
changes of E/A (WMD [95% CI]=0.029 [-0.037, 0.095];
Prandom =0.388), E-wave deceleration time (—3.516 [—
41.735, 34.703] ms; Prangom = 0.857), €' (0.489 [—1.275,
2.253] en/s; Prangom = 0.587), Ele’ (—1.520 [—4.523, 1.483];
Prandom=0.321), or LVEF (0.842 [-0.144, 1.828] %;
P andom = 0.094) between exercise training and control groups.
In contrast, exercise training significantly improved peak VO,
(WMD [95% CI] = 1.820[0.939, 2.700 ml/min/kg]; Prandom <
0.001), 6BMWD (29.222 [6.848, 51.596] m; Pg, <0.05), and
MLHFQ total score (11.024 [5.429, 16.618] point; P .ndom <
0.001) compared with control group.

Table 2  Patient characteristics
Author, year Mean age, Men, CAD, AF, Valvular Hypertension, Diabetes, COPD, ACE-I/ARB, BBs, Diuretics,
year % % % disease, % % % % % % %
Gary et al. [18] 68 0 25 NR NR 78 31 34 47% NR NR
Kitzman et al. [19] 70 25 0 NR 0 68 17 0 23? 23 51
Edelmann et al. [20] 65 44 NR 0 86 14 66 50 45
Smart et al. [21] 64 52 NR 0 16 16 76 4 8
Alves et al. [22] 63 71 32° 3 NR 68 35 NR 51 74 16
Kitzman et al. [23] 70 23 0 NR O 89 24 46 22 61
Kitzman et al. [24] 66 19 0 1 95 35 72 40 76
Fu et al. [25] 61 63 68 0 NR 63 42 0 92 75 72

ACE-I angiotensin converting enzyme inhibitor, AF" atrial fibrillation, ARB angiotensin receptor blocker, BBs beta-blockers, NR not reported, CAD

coronary artery disease, COPD chronic obstructive pulmonary disease
*The value is presented as a proportion of the use of ACE-I

® The value is presented as a proportion of previous history of myocardial infarction
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Among the included trials, five trials reported adverse out-
comes during exercise intervention. Although minor events
including hypoglycemia [23, 24] palpitation, dyspnea, and
mild musculoskeletal discomfort [20, 24] were reported, there
were no serious adverse events judged related to exercise
training.

Discussion

In the present study, we conducted a meta-analysis of RCTs
examining the effects of exercise training on LV function and
structure and exercise capacity as well as QOL in HFpEF
patients. We observed that exercise training improved peak
VO,, 6MWD, and physical dimensions of QOL but not LV
diastolic or systolic function, LV end-diastolic volume, or LV
mass. Thus, we found that exercise training improved exercise
capacity and QOL without significant change in LV function
or structure in HFpEF patients.

Our observed improvement in exercise capacity and QOL
after exercise training in HFpEF patients is in accordance with
two previous meta-analyses [29, 30]. However, several impor-
tant RCTs on the effect of exercise training on exercise capac-
ity and QOL in HFpEF patients have been published since the
meta-analysis was performed [24, 25]. Our meta-analysis con-
firms the reported favorable effect of exercise training on ex-
ercise capacity and QOL with a larger number of patients.
Furthermore, our meta-analysis is the first to examine the ef-
fect on different aspects of QOL in HFpEF and to show that
exercise training improved physical—but not mental or
emotional—dimensions of QOL in these patients.

Inconsistent with our observations, a recent meta-analysis
of Pearson et al. [31] reported that exercise training improved
diastolic function assessed as E/e’ in HFpEF patients.
However, we believe that there are several limitations in the
meta-analysis of Pearson et al. [31]. Specifically, the meta-
analysis of Pearson et al. [31] included the trial on the effect
of functional electrical stimulation [32], which is not classified
as exercise training. Furthermore, the meta-analysis included
the trial on the effect of respiratory muscle training by physical
therapists [33], which is not commonly selected as a primarily
training modality. The present meta-analysis is important in
including only trials on which the primary training modality
was cycling and/or walking, an easily available training
modality.

Consistent with our meta-analysis, Pandey et al. [29] re-
ported that exercise training did not improve LV diastolic
function HFpEF patients. We believe that our meta-analysis
is superior to the meta-analysis of Pandey et al. [29] in that we
examined the effect of exercise training not only on measures
of diastolic mitral inflow velocities but also on diastolic tissue
Doppler measures. It is well known that measures of diastolic
mitral inflow velocities such as E/A and E-wave deceleration

time have biphasic relationship with diastolic function grade,
whereas diastolic tissue Doppler measures such as E/e’ and ¢’
correlate linearly with diastolic function grade [34]. Our meta-
analysis confirms the reported neutral effect of exercise train-
ing on mitral inflow measures with a larger number of patients
and further extends to diastolic tissue Doppler measures.

In the present meta-analysis, we observed that exercise
training improved exercise capacity without improvement in
LV function or structure in HFpEF patients. To consider the
possible mechanisms for the observations, it may be useful to
look over the pathophysiological background of exercise in-
tolerance in HFpEF. During exercise, the oxygen consump-
tion in the metabolizing tissues increases dramatically.
Normally, this is accomplished by (1) an increase in cardiac
output, a product of HR and stroke volume, and (2) increased
utilization of oxygen by the metabolizing tissues [35]. Earlier
studies have reported that, in HFpEF patients, stroke volume
during exercise increases or maintains at the expense of in-
creased LV end-diastolic pressure due to diastolic abnormali-
ties, resulting in exertional dyspnea and thereby impaired
QOL [14-17]. However, emerging data suggest that a limited
increase in HR (chronotropic incompetence) as well as im-
paired oxygen utilization by active muscles during exercise
may play a relatively greater role in limiting exercise perfor-
mance in HFpEF patients [35].

From these aspects, the following mechanisms may under-
lie the improved exercise capacity with exercise training in
HFpEF patients. In the present meta-analysis, we observed
that exercise training improved HR reserve but not LV dia-
stolic or systolic function. This finding suggests that improved
chronotropic incompetence resulting from exercise training
may contribute at least in part to improved exercise capacity
in HFpEF patients. Furthermore, in an ancillary study of the
included trial [19], exercise training increased utilization of
oxygen by active muscles but not peak stroke volume during
exercise [36]. Taken together, in HFpEF patients, the im-
proved exercise capacity with exercise training appears to re-
sult from improved chronotropic incompetence and increased
utilization of oxygen by active muscles.

In the present meta-analysis, we observed that exercise
training did not significantly improve mental or emotional
dimensions of QOL in HFpEF patients. Consistent with this
observation, there was no clear benefit of exercise training on
depression in HFpEF patients in a meta-analysis of RCTs [37].
However, the meta-analysis included only 3 trials with 115
HFpEF patients [37]. Similarly, in our meta-analysis, sub-
scales of QOL were not consistently reported in the included
trials. Further large-scale RCTs are needed to determine the
effect of exercise training on mental or emotional state in
HFpEF patients.

There are several limitations to our study. First, our meta-
analysis included trials that were conducted before the defini-
tion of HFpEF was developed. Several of these trials defined

@ Springer
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(a) E/A

Model Study name Statistics for each study Difference in means and 95%Cl
Difference  Standard Lower Upper

in means error Variance limit limit  Z-Value p-Value

Kitzman 2010 0.020 0.088 0.008 -0.153  0.193 0.226 0.821

Smart 2012 0.070 0.107 0.011 -0.139 0.279 0.655 0.512

Alves 2012 0.090 0.041 0.002 0.009 0.171 2.175 0.030

Kitzman 2013 0.040 0.202 0.041 -0.356  0.436 0.198 0.843

Kitzman 2016 -0.020 0.035 0.001 -0.089 0.049 -0.568 0.570

Random 0.030 0.027 0.001  -0.023  0.082 1.113 0.266

-1.00 -0.50 0.00 0.50 1.00

Effect size difference
(exercise — control)

(b) E-wave deceleration time

Model  Study name Statistics for each study Difference in means and 95%Cl
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value

Kitzman 2010 16.000 13.922  193.823 -11.287 43.287 1.149 0.250
Smart 2012 2.000 18.600  345.959 -34.455 38.455 0.108 0.914
Kitzman 2013 -23.000 13.877  192.582 -50.199 4.199  -1.657 0.097
Random -2.040 12497  156.182 -26.534 22.454  -0.163 0.870

-80.00 -40.00 0.00 40.00 80.00

Effect size difference
(exercise — control)

(c) E/e’

Model ~ Study name Statistics for each study Difference in means and 95% CI
Difference ~ Standard Lower Upper

inmeans error  Variance  limit limit  Z-Value p-Value

Edelmann 2011 -2.900 0.916 0.839 -4695 -1.105 -3.166 0.002 -E}-
Smart 2012 4.400 6.036 36428 -7.429 16.229 0.729 0.466
Kitzman 2016 0.700 0.719 0517 -0.710 2110 0973 0.330
Fu2016 -3.500 2.665 7105 -8.724 1724 -1313 0.189
Random -1.203 1.460 2132 -4.065 1658 -0.824 0410

-20.00 -10.00 0.00 10.00 20.00

Effect size difference
(exercise — control)

(d) e’

Model  Study name Statistics for each study Difference in means and 95% CI
Difference ~ Standard Lower Upper

in means error  Variance  limit limit  Z-Value p-Value

Smart 2012 0100 0625 0391 -1.326 1.126 -0.160 0.873

Edelmann 2011 1.400 0.351 0.124 0711 2089 3.983 0.000

Kitzman 2016 -0.400 0.290 0.084 -0.968 0.168 -1.381 0.167

Random 0.317 0.648 0420 -0.952 1587 0490 0.624

-4.00 -2.00 0.00 2.00 4.00

Effect size difference
(exercise — control)
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<« Fig. 2 Forest plots showing the effects of exercise training on the ratio of
peak early to late diastolic mitral inflow velocities (E/A; a), E-wave
deceleration time (ms; b), the ratio of early diastolic mitral inflow to
annular velocities (E/e’; ¢), and early diastolic mitral annular velocity
(e'; cm/s, d)

preserved EF as greater than or equal to 45% [18, 21], which is
not consistent with a definition of HFpEF in recent guidelines
[38, 39]. However, based on the reported mean EF of these
trials (supplement Table 3), there appeared to be only a few
patients with EF < 50% included in the present meta-analysis.
Importantly, even when the pooled analysis was restricted to
the trials of HF with EF >50%, the results remained substan-
tially unchanged. Second, there is substantial variation in
baseline clinical characteristics including gender, comorbidi-
ties, exercise capacity, QOL scores, echocardiographic vari-
ables, and drug treatment across the included trials, emphasiz-
ing the need for trials with homogeneous clinical characteris-
tics. Third, most of the included trials excluded patients with

(a) Peak VO,

comorbidities such as atrial fibrillation, coronary artery dis-
ease, and chronic obstructive pulmonary diseases, which are
common in HFpEF patients [40]. Our observed beneficial
effect of exercise training cannot be extended into HFpEF
patients with these comorbidities. Finally, the number of pa-
tients included in our meta-analysis was relatively small and
measures of LV function or structure were not consistently
reported in the included trials. Furthermore, exercise training
periods in the included trials were relatively short (12—
24 weeks). Our observed neutral effects of exercise training
on LV function and structure may be due in part to limited
power and/or the relatively short period of exercise training.
Further trials with larger sample size and longer intervention
period are necessary.

In conclusion, our meta-analysis showed that aerobic exer-
cise training improved exercise capacity and QOL without
significant change in LV function or structure in HFpEF pa-
tients. Given the limited number of patients, the short inter-
vention period, and the substantial variation in baseline

Model Study name Statistics for each study Difference in means and 95% ClI
Difference Standard Lower Upper
in means error  Variance  limit limit Z-Value p-Value
Kitzman 2010 2.600 0.778 0.606 1.074 4.126 3.340 0.001 | L By
Smart 2012 1.600 1.670 2789 -1673 4873 0958 0.338
Edelmann 2011 3.300 1.419 2.013 0519 6.081 2326 0.020
Kitzman 2013 1.800 0.785 0.616 0.261 3.339 2293 0.022 L W]
Kitzman 2016 1200 0252 0063 0707 1693 4768 0.000 1
Random 1.660 0.351 0.123 0.973 2348 4735 0.000 ‘
-8.00 -4.00 0.00 4.00 8.00
Effect size difference
(exercise — control)
Model  Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value

Gary 2004 89.916 39.583 1566.810 12.335 167.497 2.272 0.023

Kitzman 2010 35.662 26.582 706.596 -16.438 87.761 1.342 0.180

Edelmann 2011 7.000 23153  536.070 -38379  52.379 0.302 0.762

Kitzman 2013 29.000 23693  561.346 -17.437  75.437 1.224 0.221

Kitzman 2016 41.758 19.569 382928 3404  80.111 2134 0.033 —D—

Fixed 33.883 10.969 120.311 12.384 55.381 3.089 0.002 ‘
-200.00 -100.00 0.00 100.00 200.00

Effect size difference
(exercise — control)

Fig.3 Forest plots showing the effects of exercise training on peak exercise oxygen uptake (VO,; ml/min/kg, a) and 6-min walking distance (6(MWD; m, b)
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MLHFQ

(a) Total score

Model Study name Statistics for each study Difference in means and 95% CI
Difference ~ Standard Lower  Upper
in means error Variance limit limit Z-Value p-Value
Gary 2004 -21.450 7.430 55205 -36.013 -6.887  -2.887 0.004
Kitzman 2010 -9.000 5.898 34792 -20.561 2561  -1.526 0.127
Smart 2012 -2.800 9.646 93.042 -21.705 16.105 -0.290 0.772
Edelmann 2011 -6.000 5.212 27167 -16.216  4.216 -1.151 0.250
Kitzman 2013 -7.000 6.226 38.762 -19.203 5203  -1.124 0.261
Kitzman 2016 -1.000 3.523 12415 -7.906 5906  -0.284 0.777
Fu 2016 -16.600 3491 12190 -23443 9757 4755  0.000 - =
Random -9.059 3.049 9296 -15.035 -3.083 -2.97 0.003 ‘
-50.00 -25.00 0.00 25.00 50.00

Effect size difference
(exercise — control)

(b) Physical limitation scale

Model Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error  Variance  limit limit  Z-Value p-Value
Kitzman 2010 -5.000 2.841 8.072 -10.569 0.569 -1.760 0.078
Edelmann 2011 -3.000 2.503 6.265 -7.906 1906 -1.199 0.231
Kitzman 2013 -3.000 2.601 6.766 -8.098 2098 -1.153 0.249
Fixed 3574 1523 2319 6559 -0500 -2.347 0019 <o
-20.00 -10.00 0.00 10.00 20.00

Effect size difference
(exercise — control)

(c) Emotional limitation scale

Model Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper

in means error  Variance  limit limit  Z-Value p-Value

Kitzman 2010 -3.000 1.319 1.739 -5585 -0415 -2.275 0.023 -D—
Edelmann 2011 0.000 1.361 1.853 -2.668 2.668 0.000 1.000
Kitzman 2013 0.000 1.255 1.575 -2.460 2460 0.000 1.000
Random -0.993 0.997 0.995 -2.948 0962 -0.995 0.320

-20.00 -10.00 0.00 10.00 20.00

Effect size difference
(exercise — control)

Fig. 4 Forest plots showing the effect of exercise training on Minnesota Living With Heart Failure Questionnaire (MLHFQ) scores

@ Springer



Heart Fail Rev (2019) 24:535-547

543

SF-36

(a) Role limitations due to physical problems

Model Study name

Statistics for each study

Difference in means and 95% CI

Difference Standard Lower  Upper
in means error  Variance  limit limit ~ Z-Value p-Value
Kitzman 2010 8.000 9483 89.919 -10.585 26.585 0.844 0.399
Edelmann2011  17.000 10.661 113.661 -3.896 37.896 1.595 0.111
Kitzman 2013 12.000 6.362 40475 -0469 24469 1886 0.059
Fixed 11.989 4734 22409 2711 21267 2533 0.011 ’
-50.00 -25.00 0.00 25.00 50.00
Effect size difference
(exercise — control)
(b) Physical component score
Model Study name Statistics for each study Difference in means and 95% CI
Difference ~ Standard Lower Upper
in means error  Variance limit limit  Z-Value p-Value
Kitzman 2010 6.000 5731 32.845 -5233 17.233 1.047 0.295
Edelmann2011  6.000 2513 6314 1075 10925 2388 0017 -
Kitzman 2013 12.000 6.362 40475 -0.469 24469 1.886 0.059
Kitzman 2016 0.000 1.510 2280 -2960 2960 0.000 1.000
Fu2016 6.200 3572 12760 -0.801 13201 1736 0.083
Random 4.450 2103 4424 0327 8572 2116 0.034
-50.00 -25.00 0.00 25.00 50.00

Effect size difference
(exercise — control)

(c) Role limitations due to emotional problems

Model  Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
in means error Variance limit limit ZValue p-Value
Kitzman 2010 -1.000 10945 119794 -22452 20452  -0.091 0.927
Edelmann 2011 6.000 8.354 69.784 -10.373 22.373 0.718 0.473
Kitzman 2013 24.000 9.231 85.217 5907 42093 2.600 0.009
Random 10.196 7.243 52455 -3999 24.391 1.408 0.159
-50.00 -25.00 0.00 25.00 50.00
Effect size difference
(exercise — control)
Model Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error  Variance  limit limit  Z-Value p-Value
Kitzman 2010 -1.000 2911 8474 -6.705 4705 -0.344 0.731
Edelmann 2011 0.000 2715 7374 -5322 5322 0.000 1.000
Fu2016 8000 3130 9800 1.864 14.136 2556 0.011 -
Random 2187 2734 7474 -3171 7545 0.800 0424
-50.00 -25.00 0.00 25.00 50.00

Effect size difference
(exercise — control)

Fig. 5 Forest plots showing the effect of exercise training on the 36-item Short-Form Survey (SF-36) scores
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(a) EF

Model Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit  Z-Value p-Value
Kitzman 2010 1.000 2.246 5.047 -3.403 5403 0445 0.656
Smart 2012 1.300 3.863 14922 -6.271 8.871 0.337 0.736
Edelmann 2011 -2.000 1.855 3439 5635 1635 -1.078 0.281
Alves 2012 1.800 0.715 0512 0398 3202 2516 0.012 —D—
Kitzman 2013 0.000 1.512 2286 -2964 2964 0.000 1.000
Kitzman 2016 0.000 1.007 1.013 -1.973 1973 0.000 1.000
Fu2016 2.300 3427 11747 4418 9.018 0671 0.502
Fixed 0.850 0.499 0249 -0.128 1.828 1.704 0.088 l‘
-10.00 -5.00 0.00 5.00 10.00

Effect size difference
(exercise — control)

(b) LV end-diastolic volume

Model Study name Statistics for each study Std diff in means and 95%CI

Std diff  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value

Kitzman 2010 -0.096 0.275 0.076 -0.634 0.443 -0.348 0.728 - —D’_l—

Edelmann 2011 -0.010 0.270 0.073 -0.539 0.518 -0.038 0.970

Kitzman 2013 0.034 0.252 0.064 -0.460 0.528 0.137 0.891 "'|‘_|

Kitzman 2016 -0.059 0.209 0.043 -0.468 0.350 -0.284 0.777

Fixed -0.034 0.123 0.015 -0.276  0.208 -0.274 0.784

-1.00 -0.50 0.00 0.50 1.00

Effect size difference
(exercise — control)

(C) LV mass

Model Study name Statistics for each study Std diff in means and 95%CI
Std diff  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Kitzman 2010 0.056 0.275 0.076 -0.482  0.595 0.205 0.838 j
Edelmann 2011 -0.105 0.270 0.073 -0.634 0.424 -0.390 0.697 {]
Kitzman 2016 0.188 0.209 0.044 -0.221  0.598 0.901 0.368 {}
Fixed 0.072 0.142 0.020 -0.205 0.350 0.511 0.609 ’

-1.00 -050 0.00 0.50 1.00

Effect size difference
(exercise — control)

Fig.6 Forest plots showing the effects of exercise training on left ventricular (LV) ejection fraction (EF; %, a), LV end-diastolic volume (b), and LV mass

(©

@ Springer



Heart Fail Rev (2019) 24:535-547 545

(a) HR reserve

Model Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit  Z-Value p-Value
Kitzman 2010 11.000 5295 28037 0622 21378 2077 0.038
Edelmann 2011 6.000 3502 12263 -0.863 12863 1713 0.087
Fixed 7.521 2921 8531 1797 13246 2575 0010 -2
-30.00 -15.00 0.00 15.00 30.00

Effect size difference
(exercise — control)

(b) Peak HR

Model Statistics for each study Difference in means and 95% CI
Difference ~ Standard Lower Upper
in means error  Variance  limit limit  Z-Value p-Value
Kitzman 2010~ 11.000 5142 26445 0921 21079 2139 0.032 —
Smart 2012 23.000 11.263 126.860 0.924 45076 2.042 0.041
Kitzman 2013 8.000 4928 24284 -1658 17.658 1.623 0.105
Kitzman 2016 0.000 2013 4.054 -3946 3.946 0.000 1.000
Random 7.250 4142 17.158 -0.868 15369 1.750  0.080
-50.00 -25.00 0.00 25.00 50.00

Effect size difference
(exercise — control)

(c) Peak systolic blood pressure

Model Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
in means error  Variance  limit limit ~ Z-Value p-Value
Kitzman 2010 11.000 7245 52492 -3200 25200 1518 0.129 —

Kitzman 2013 2.000 6.803 46.287 -11.334 15334 0294 0.769
Kitzman 2016 0.000 2517  6.334 -4933 4933 0.000 1.000
Random 1.409 2.384 5684 -3.264 6.082 0591 0555

-30.00 -15.00 0.00 15.00 30.00

Effect size difference
(exercise — control)

(d) Peak diastolic blood pressure

Model Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit ~ Z-Value p-Value
Kitzman 2010 2.000 2,797 7.821 -3481 7481 0715 0475 —

Kitzman 2013 0.000 3550 12601 -6.958 6.958 0.000 1.000 —
Kitzman 2016 -4.000 1.510 2280 -6.960 -1.040 -2.649 0.008
Random -1.335 2.063 4257 -5378 2709 -0.647 0518

-10.00 -5.00 0.00 5.00 10.00

Effect size difference
(exercise — control)

Fig. 7 Forest plots showing the effects of exercise training on heart rate (HR) reserve (bpm; a) and peak HR (bpm; b) and systolic and diastolic blood
pressure (mmHg; ¢ and d) during exercise test
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clinical characteristics in the included trials, further large mul-
ticenter and long-term trials for HFpEF patients with homo-
geneous clinical characteristics are necessary to confirm our
observed effects of exercise training.
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