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ARTICLE INFO ABSTRACT

Keywords: Background: The role of exercise training modality to attenuate left ventricular (LV) remodeling in heart failure
Exercise therapy patients with reduced ejection fraction (HFrEF) remains uncertain. The authors performed a systematic review
Moderate-intensity continuous training and meta-analysis of published reports on exercise training (moderate-intensity continuous aerobic, high-
High-intensity interval training intensity interval aerobic, and resistance exercise) and LV remodeling in clinically stable HFrEF patients.
Resistance training Methods: We searched MEDLINE, Cochrane Central Registry of Controlled Trials, CINAHL, and PubMed (2007 to

Left ventricular ejection fraction 2017) for randomized controlled trials of exercise training on resting LV ejection fraction (EF) and end-

diastolic and end-systolic volumes in HFrEF patients.
Results: 18 trials reported LV ejection fraction (LVEF) data, while 8 and 7 trials reported LV end-diastolic and LV
end-systolic volumes, respectively. Overall, moderate-intensity continuous training (MICT) significantly in-
creased LVEF (weighted mean difference, WMD = 3.79%; 95% confidence interval, CI, 2.08 to 5.50%) with
no change in LV volumes versus control. In trials 26 months duration, MICT significantly improved LVEF
(WMD = 6.26%; 95% CI 4.39 to 8.13%) while shorter duration (<6 months) trials modestly increased LVEF
(WMD = 2.33%; 95% CI 0.84 to 3.82%). High-intensity interval training (HIIT) significantly increased LVEF
compared to control (WMD = 3.70%; 95% CI 1.63 to 5.77%) but was not different than MICT (WMD = 3.17%;
95% Cl —0.87 to 7.22%). Resistance training performed alone or combined with aerobic training (MICT or HIIT)
did not significantly change LVEF.
Conclusions: In clinically stable HFrEF patients, MICT is an effective therapy to attenuate LV remodeling with the
greatest benefits occurring with long-term (=6 months) training. HIIT performed for 2 to 3 months is superior to
control, but not MICT, for improvement of LVEF.

© 2018 Elsevier Inc. All rights reserved.
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Heart failure (HF) is a major health care problem associated with a
high individual and societal health care burden.! Approximately 50%
of HF patients have reduced ejection fraction (HFrEF) with structural
cardiac remodeling characterized by left ventricular (LV) dilation and
reduced function.? Given that LV remodeling is associated with in-
creased mortality, therapies that attenuate this process are important
therapeutic targets.>*

Exercise training (ET) is an effective intervention to attenuate LV re-
modeling in clinically stable HFrEF patients.> However, the magnitude
of this change may depend on the type of exercise undertaken.® In
2007, a meta-analysis by Haykowsky et al. found a significant increase
in resting LV ejection fraction (LVEF) and reduction in LV volumes and
improved peak oxygen uptake (peak VO,) following aerobic
moderate-intensity continuous training (MICT) but these changes

were not replicated when aerobic and strength training were
combined.® Wisloff et al. extended these findings by demonstrating sig-
nificantly greater anti-remodeling benefits with high-intensity interval
training (HIIT) (e.g. brief, intermittent bursts of vigorous aerobic exer-
cise interspersed with short periods of low-intensity active recovery’)
compared to MICT in older (mean age: 76 years) post-infarction HFrEF
patients.? Yet in contrast, other investigators®~'" have not found addi-
tional anti-remodeling benefits with HIIT versus MICT in HFrEF patients
(mean age: 60 years). Given this continued uncertainty and importance
of understanding optimal ET regimen for the large and vulnerable pop-
ulation with HFrEF, we performed a 10-year update of our prior system-
atic review and meta-analysis of randomized controlled trials that
examined the effect of ET on LV remodeling and peak oxygen consump-
tion (peak VO,) in clinically stable HFrEF patients.

Eligible studies identified
through electronic
databases (n=3,714)

Eligible studies identified
through hand-searches of
reference lists (n=5)

Studies excluded (n=3,668)
Non-exercise intervention (n=3,240)
No gjection fraction (n=185)
No control group (n=112) .

| l

All potentially eligible studies
identified (n=3,719)

Non-random (n=85)
Non-heart failure (n=37)
Combined intervention (n=6)
No data provided (n=3)

Full Text Articles Excluded (n=33)
Mean LVEF >45% (n=11)
LVEF not reported (n=10)
Non-random (n=3) <

!

Full-text articles assessed, for
eligibility (n=51)

Non-heart failure (n=3)

Combined intervention (n=3)
Duplicate data (n=2)

Did not meet the intensity criteria for
high-intensity interval training (n=1)

\ 4

Studies included in
quantitative synthesis
(meta-analysis) (n=18)

Fig 1. Flow of trials through the selection process. LVEF: left ventricle ejection fraction.
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Table 1
Description of randomized controlled exercise training intervention studies included.
Study, year Study sample  Sample Men, Mean HFrEF Exercise training intervention Intervention EF measure Drug therapy,
(Ref.) size,n % age, years etiology duration, %
months
Antunes-Correa NYHA class ET,17 76 56 Ischemic 35% RT + MICT 3 Echo, SBP  ACE: 100; BB:
2014 22 1I-111 HF, LVEF Idiopathic 3 days/week, 100; DIU: 71;
<40% 35% MICT 30-40 min at 60-72% VO,peak + 10 min RT SPIRO: 82
CNT,17 88 54 Ischemic 29%  strength training exercises 3 ACE: 100; BB:
Idiopathic 100; DIU: 82;
35% SPIRO: 82
Belardinelli NYHA class ET, 44 82 60 Prior MI 55%  HIIT 2 Echo, ACE: 80; BB:
2008 ° 1I-111 HF, LVEF Prior CABG 3 days/week, modified 80; DIGI: 14;
<40% 77% 21 min/session, Dance 5 min slow, 3 min fast SSP DIU: 73; NIT:
(88% HRpeak reported) 18
ET,44 86 59 Prior MI 57%  MICT 2 ACE: 77; BB:
Prior CABG 3 days/week, 82; DIGI: 11;
82% 30 min/session, 70% VO,peak DIU: 77; NIT:
25
CNT, 42 83 58 Prior MI 50% 2 ACE: 88; BB:
Prior CABG 88; DIGI: 10;
69% DIU: 69
Belardinelli NYHA class ET,63 78 60 Ischemic 80%  MICT 120 Echo, not ACE: 71; AllA:
2012 % 11111 HF, LVEF Non-ischemic 3 days/week, specified  24; BB: 46;
<40% 20% 40 min/session, 60-70% VOzpeak DIGI: 19; DIU:
52
CNT, 60 78 59 Ischemic 80% 120 ACE: 73; AllA:
Non-ischemic 23; BB: 45;
20% DIGI: 17; DIU:
52
Brubaker 2009  LVEF <45% ET,30 63 70 Not reported ~ MICT 4 Echo,not  ACE: 80; BB:
24 3 days/week, specified ~ 20; CCB: 30;
30-40 min/session, 40% HRR x 2 weeks DIGI: 70; DIU:
followed by 60-70% HRR. 87; NIT: 23
CNT,29 69 70 4 ACE: 86; BB:
14; CCB: 21;
DIGI: 72; DIU:
86; NIT: 41
Eleuteri 20132° NYHAclassIl  ET, 11 100 66 Not reported  MICT 3 Echo, BP ACE: 100; BB:
HF, LVEF <40% 5 days/week, area-length 100; NIT: 27
CNT,10 100 63 30 min/session, 59-62% VO peak 3 ACE: 100; BB:
100; NIT: 30
Ellingsen 2017  NYHA class ET,77 81 65 Ischemic 60%  HIIT 3 Echo, ACE: 92; BB:
" 1I-11l HF, LVEF Prior M 57%, 3 days/week, Modified ~ 95; DIGI: 22;
<35% prior CABG 38 min/session, Intervals, 4 x 4 min at median SBP DIU: 75
26%, prior PCI  90% HRnax reported (88-92%, 95% CI) 3 min
46% active recovery between
ET, 65 82 60 Ischemic 60%  MICT 3 ACE: 92; BB:
Prior MI 55%, 3 days/week, 94; DIGI: 12;
prior CABG 47 min/session, median 77% HR,.x reported DIU: 75
22%, prior PCI  (74-82%, 95% Cl)
35%
CNT, 73 81 60 Ischemic 56%  MICT 3 ACE: 96; BB:
Prior MI 44%, 1 day every 3 weeks, 97; DIGI: 8;
prior CABG 47 min/session, 70% HRyax prescribed DIU: 70
23%, prior PCI
45%

Fu 2013 ¢ NYHA class ET,14 64 68 Ischemic 67%  HIIT 3 Echo, not ACE: 79; BB:
1I-111 HF, LVEF Non-ischemic 3 days/week, specified 93; CCB: 64;
<40%, 33% 30 min/session, Intervals, 5 x 3 min at 80% DIGI: 21; DIU:
or LVEF >40% VOypeak, 3 min recovery between 50
with episodes ET,13 62 66 Ischemic 60%  MICT 3 ACE: 77; BB:
of acute Non-ischemic 3 days/week, 92; CCB: 62;
pulmonary 40% 30 min/session, 60% VOxpeak DIGI: 31; DIU:
edema 46

CNT, 13 69 68 Ischemic 67% 3 ACE: 77; BB:
Non-ischemic 92; CCB: 69;
33% DIGI: 23; DIU:
46
Hassanpour NYHA class ET,30 60 60 Ischemic 70% MICT 6 Echo, not ACE: 80;
Dehkordi [I-1IT HF, Non-ischemic 3 days/week, specified DIGI: 70; DIU:
2015% LVEF <40% 30% 25-35 min/session, 60-70% HRR 93
CNT,31 74 58 Ischemic 65% 6 ACE: 87;
Non-ischemic DIGI: 71; DIU:
35% 90
Hollriegel 2016  NYHA class ET,18 100 60 Ischemic 56% MICT 12 Echo, not ACE: 100; BB:
28 1Ib HF, LVEF DCM 44% 5 days/week, specified  94; DIGI: 56;
<30% 30 min/session, 50-60% VOzpeax DIU: 94

(continued on next page)
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Table 1 (continued)

Study, year Study sample  Sample Men, Mean HFrEF Exercise training intervention Intervention EF measure Drug therapy,
(Ref.) size,n % age, years etiology duration, %
months
CNT,19 100 62 Ischemic 53% 12 ACE: 100; BB:
DCM 47% 100; DIGI: 21;
DIU: 100
Klecha 2007 ?°  NYHA class ET,25 80 60 Ischemic MICT 6 MRI, not  ACE: 100; BB:
[I-III HF, LVEF 100% 3 days/week, specified 100; DIGI: 36;
<35% 25 min/session, 80% HR;,ax DIU: 64; NIT:
36
CNT, 25 72 61 Ischemic 6 ACE: 100; BB:
100% 100; DIGI: 32;
DIU: 68
NIT: 68
Malfatto 2009 >°° DCM ET,27 70 65 Ischemic 52%  MICT 3 Echo, not ACE: 89; BB:
Non-ischemic 3 days/week, specified 81; DIGI: 4;
48% 40 min/session, 60% VO, peak DIU: 67;
SPIRO: 52
CNT, 27 74 67 Ischemic 59% 3 ACE: 81; BB:
Non-ischemic 78; DIGI: 7;
41% DIU: 70;
SPIRO: 48
Muller 2009 *!  LVEF <40% ET, 8 100 47 Not reported ~ MICT 1 MRI, Stack  ACE: 100; BB:
5 days/week, 75; DIGI: 38;
30 min/session, +45 min walk twice daily, DIU: 88
CNT,8 100 56 60-80% HRR 1 ACE: 88; BB:
50; DIGI: 25;
DIU: 75
Palevo 2009 2 NYHA class ET,10 94° 70 Ischemic RT 2 Echo, not ACE: 100; BB:
[I-111 HF, LVEF 100% 3 days/week, specific 100
<40% CNT, 6 65 Ischemic 12 strength exercises, 2 sets, 12-15 reps, 60% 2 ACE: 100; BB:
100% 1RM 100
Passino 2008 > NYHA class ET,71 87 61 Ischemic 55%  MICT 9 Echo,not  ACE: 75; BB:
<IV HF, LVEF Idiopathic 3 days/week, specific 73; DIU: 79;
<45% 45% 30 min/session, 65% VOzpeak SPIRO: 38
CNT, 19 74 63 Ischemic 42% 9 ACE: 74; BB:
Idiopathic 74; DIU: 84;
58% SPIRO: 37
Sandri 2012 NYHA class ET,30 80 61 Ischemic 60%  MICT 1 Echo, 4C ACE: 83
[I-1I1 HF, DCM 40% 4 days/week, Simpson BB: 100; DIU:
LVEF <40% 4 sessions/day, Disk 83; SPIRO: 43
CNT,30 83 61 Ischemic 67% 20 min/session, 70% VOxpeak 1 ACE: 83, BB:
DCM 33% 100, DIU: 83,
SPIRO: 50
Santos 2010 '*  LVEF <45% ET, 13 69 53 Not reported ~ RT + MICT 4 Echo, ACE: 100, BB:
3 days/week, modified 100, DIGI: 38,
MICT 25-40 min per session at HR of AT + RT 10 SBP DIU: 85
CNT, 10 40 59.4 min of strength exercises 4 ACE: 70, BB:
100, DIGI: 0,
DIU: 40
Stevens 20153 NYHAclassIll ET,15 67 67 Ischemic 40% RT + HIIT 3 Echo, ACE: 87, BB:
HF 5 sessions every 2 weeks, 24-60 min/session, modified 93, DIU: 80
CNT,7 86 64 Ischemic 57%  HIIT 4 bouts of 6-10 min cycle/walk at critical 3 SBP ACE: 100, BB:
power (~80% VOxpea) With 2 min rest between 100, DIU: 86
bouts RT 2-3 sets, 10-15 reps 50-70% 1RM
Wisloff 2007 & >12 months ET,9 78 77 Post-MI 100%  HIIT 3 Echo, ACE: 100, BB:
post-MI, LVEF 3 days/week, modified 100, DIU: 56
<40% 38 min/session, Intervals, 4 x 4 min at mean 92 SBP NIT: 44
+ 2% HRhax reported, 3 min active recovery
between.
ET, 9 78 74 Post-MI 100%  MICT 3 ACE: 100, BB:
3 days/week, 100, DIU: 44,
47 min/session, mean 74 4+ 2% HR,x reported NIT: 56
CNT,9 67 76 Post-MI 100%  MICT 3 ACE: 100, BB:
1 day ever 3 weeks, 100, DIU: 56,
47 min/session, mean 71 + 2% HR,.x reported NIT: 44

All data are mean values unless otherwise indicated. Abbreviations: ACE: angiotensin converting enzyme inhibitor, AIA: angiotensin 1 antagonist, AlIA: angiotensin 2 antagonist, AT:
anaerobic threshold, BB: beta-blocker, CABG: coronary artery bypass graft, CCB: calcium channel blocker, CI: confidence interval, CNT: control, DCM: dilated cardiomyopathy, DIGI: digoxin,
DIU: diuretic, EF: ejection fraction, ET: exercise training, HF: heart failure, HIIT: high-intensity interval training, HR,,«: heart rate max, HRR: heart rate reserve, LVEF: left ventricular ejection
fraction, MI: myocardial infarction, MICT: moderate-intensity continuous training, NIT: nitrates, NYHA: New York Heart Association, PCl: percutaneous coronary intervention, RT: resistance
training, SBP: Simpson'’s Biplane, SPIRO: spironolactone, SSP: Simpson's Single Plane, VOypeax: peak oxygen consumption, 1RM: 1-repetition maximum, 4C: 4-chamber.

¢ Median values.
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Study
ID

01: Less than 6 months

%
N, mean Weight
(SD); Control  (I-V)

N, mean

WMD (95% ClI) (SD); Treatment

Wisloff 2007 + 0.30 (-6.51,7.11) 9,.7(531) 9, .4(8.97) 451
Belardinelli 2008 e — 3.00 (-0.38, 6.38) 44, 4 (8) 42,1 (8) 18.26
Brubaker 2009 -— 2.00 (-4.06, 8.06) 30,-1.7 (11.1) 29, -3.7(126) 570
Malfatto 2009 ——4—:— 2.00(-1.35, 5.35) 27,1 (8) 27, -1 (6.56) 18.59
Muller 2009 -4 0.40 (-9.14, 9.94) 8,3.6(9.75) 8,3.2(9.72) 229
Sandri 2012 +0— 6.50 (2.96, 10.04) 30, 6.5 (7.79) 30,0(6.12) 1664
Eleuteri 2013 —6— : -1.00 (-6.86, 4.86) 11,0(6.6) 10, 1 (7.06) 6.08
Fu2013 + -0.20 (-11.07,10.67) 13, 4.5(15.4) 13,47 (127) 1.77
Ellingsen 2017 —_—— : 1.00 (-1.83, 3.83) 55,0 (8.13) 68, -1 (7.73) 26.15
I-V Subtotal (I-squared = 3.8%, p = 0.403) 0 : 2.34(0.89, 3.78) 227 236 100.00
D+L Subtotal --<>-lI 2.33(0.84,3.82)
with estimated predictive interval | (0.23, 4.43)

;
02: 6 months or longer !
Klecha 2007 —— 3.50 (0.01, 6.99) 25, 2.8 (6.99) 25,-7(552) 16.96
Passino 2007 ————— 3.40 (-1.76, 8.56) 71,2.7 (8.4) 19,-7(106) 7.76
Belardinelli 2012 : —_—— 8.00 (5.54, 10.46) 63,2 (7) 60, -6 (6.93) 34.14
Hassanpour Dehkordi 2015 |——— 7.00 (4.59, 9.41) 30, 5 (4.58) 31,-2(5) 35.76
Hollriegel 2016 : + 7.50(1.29,13.71) 15,14.3 (6.71) 8,6.8(7.5) 5.37
I-V Subtotal (I-squared = 32.3%, p = 0.206) ! <> 6.50 (5.06, 7.93) 204 143 100.00
D+L Subtotal —_—— 6.26 (4.39, 8.13)
with estimated predictive interval : (1.38, 11.13)

:
Heterogeneity between groups: p = 0.000 1
I-V Overall (I-squared = 57.0%, p = 0.004) o 4.43 (3.41, 5.45) 431 379
D+L Overall ——CP— 3.79 (2.08, 5.50)
with estimated predictive interval 1 (-1.55,9.14)

i

1

I I
-13.7 0 1317

In favor of control group

In favor of intervention group

Fig 2. Moderate-intensity continuous training (MICT) and left ventricle ejection fraction (LVEF) in all trials and split by intervention duration (<6 months or 26 months).

Methods
Data sources

The authors searched (Jan 2007 to Jan 2017) MEDLINE, Cochrane
Central Register of Controlled Trials, CINAHL, and PubMed using the fol-
lowing MESH terms and text words used in our original meta-analysis®:
heart failure, exercise, exercise therapy, exercise test, therapeutic exercise,
cardiac rehabilitation, and kinesiotherapy. We also hand-searched
reference lists of all identified studies, and previous systematic reviews.
We excluded non-English articles.

Study selection

After removal of all duplicate citations, two investigators (W.J.T. and
R.I.B.) independently reviewed the titles and abstracts of all potentially
eligible citations reporting the effect of ET on LVEF (primary outcome)
and/or volumes in HFrEF patients. Both investigators obtained the full
text of potentially relevant articles and independently reviewed those
using pre-standardized data abstraction forms and eligibility criteria
that were defined a priori. Studies were excluded that were: non-
randomized, non-HFrEF, did not contain an ET intervention, did not re-
port EF, LVEF >45%, did not have a usual care control group, had an ET
intervention that also received a drug intervention, or had HF patients
who were not clinically stable for at least 1 month prior to starting the
ET intervention. In addition, studies that did not meet the Weston

et al.'? criteria of HIIT (e.g. 85%-95% peak heart rate or 80-100% peak
work rate/peak VO,) were excluded.

Data extraction and quality assessment

Two investigators (W.J.T.and R.L.B.) extracted all outcome data inde-
pendently. When necessary, original investigators were contacted to
clarify data or provide data in the required format (mean + SD).
Authors for 3 studies provided additional data.'™'*>!* Quality was
assessed using the previously validated Jadad scale'® (a 5-point scale
used to assess the methodological quality of clinical trials by evaluating
the adequacy of reporting for study randomization, double-blinding,
and disclosure of withdrawals and dropouts) and adequacy of allocation
concealment.

Data synthesis and analysis

Data were analyzed using the change score (post-pre) from baseline
for both the exercise and control groups and the corresponding
standard deviation was estimated using standard statistical methods as-
suming a correlation of 0.5 between pre and post measures.'® To pool
the effect sizes, two models were used: 1) a fixed effect model using
the inverse variance (IV) method; and 2) a random effects model
using the method of DerSimonian and Laird (D + L), with the estimate
of heterogeneity being taken from the IV fixed-effect model.!”'® Results
were reported as weighted mean differences (WMD) with 95%
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%

Study N, mean N, mean Weight
ID WMD (95% Cl) (SD); Treatment (SD); Control (I-V)
i
1
Wisloff 2007 : + 9.60(1.38, 17.82) 9,10 (8.82) 9, .4(8.97) 5.23
1
1
1
Belardinelli 2008 - 2.00(-1.18,5.18) 44,3 (7) 42,1 (8) 34.89
1
1
1
Fu 2013 : + 5.60 (-4.01, 15.21) 14,10.3 (12.7) 13, 4.7 (12.7) 3.83
1
!
Ellingsen 2017 —— 4.00 (1.49,6.51) 68,3 (7.2) 68, -1 (7.73) 56.05
'
I-V Overall (I-squared = 8.5%, p = 0.351) @ 3.66 (1.78, 5.54) 135 132 100.00

D+L Overall ——@—

with estimated predictive interval

3.70 (1,63, 5.77)

(-1.70, 9.09)

-17.8 0

In favor of control group

I
17.8

In favor of intervention group

Fig 3. High-intensity interval training (HIIT) and left ventricle ejection fraction (LVEF).

confidence intervals (CIs) using random effects model. Heterogeneity
was quantified using the I? statistic and a value of I> > 50% is considered
substantial heterogeneity.'® Subgroup analyses by the length of exercise
program (=6 months vs. <6 months) were conducted to investigate
possible sources of heterogeneity. Publication bias was tested visually
using funnel plots'® and quantitatively using the Begg adjusted-rank
correlation test>® and Egger regression asymmetry test.?! There was
no evidence of publication bias identified. All analyses were performed
using Stata/SE 15 (StataCorp, College Station, Texas).

Results
Study screening, selection and evaluation

After removing duplicates, our search yielded 3714 citations from
electronic databases. In addition, five citations were identified through
hand-searches of reference lists. After initial screening, 51 full manu-
scripts were reviewed of which 33 were excluded for reasons
highlighted in (Fig 1). Screening consistency between independent
evaluators was k = 0.88 for interrater reliability.

Studies included in the systematic review

Eighteen unique randomized controlled ET trials were identified
(Table 1).8911131422-34 The trials included clinically stable older
(mean age: 63 years, 77% male, predominantly ischemic etiology)
HFrEF patients. Fourteen trials incorporated MICT,3%11:1323-3133 foyr
trials compared HIIT with MICT or control, #%!"?6 and four trials exam-
ined the effects of resistance training performed alone or in combination
with aerobic training (resistance training alone, n = 1; combined

aerobic and resistance training, n = 3).'4?23234 The training duration
varied between 1 month and 10 years, with most of the trials lasting
between 3 and 6 months.

Given the nature of the intervention, no trial was double-blind.
Although all trials were randomized, only 6 (32%) described the
randomization procedures or allocation concealment. Thirteen trials
(68%) adequately detailed subject withdrawals/dropouts and 14 trials
(74%) blinded ascertainment of LV remodeling outcomes. Accordingly,
trials scored relatively poorly on the Jadad Scale: 5 received a score of
1 out of 5, 9 received a score of 2 out of 5, and 5 received a score of 3
out of 5.

Quantitative data synthesis

ET and LVEF

Compared to controls, MICT significantly improved LVEF (14 trials;
810 patients; WMD = 3.79%, 95% CI 2.08 to 5.50, Fig 2), however
substantial heterogeneity across trials was found (I = 57.0%). Accord-
ingly, further analysis based on ET program length (<6 months versus
>6 months) revealed that MICT lasting <6 months modestly increased
LVEF (9 trials; 463 patients; WMD = 2.33%, 95% CI 0.84 to 3.82%; I
= 3.8%) while ET performed for 6 months or longer resulted in large sig-
nificant increases in LVEF (5 trials; 347 patients; WMD = 6.26%; 95% CI
439 to 8.13%; I = 32.3%).

HIIT significantly increased LVEF compared to control (4 trials; 267
patients; WMD = 3.70%; 95% CI 1.63 to 5.77%; I* = 8.5%, Fig 3) but no
significant difference occurred with resistance training performed
alone or in combination with aerobic training (4 trials; 95 patients;
WMD = 1.94%; 95% CI —2.04 to 5.92%; 1> = 0.0%, Fig 4). Finally, in the
4 trials comparing HIIT and MICT, the increase in LVEF was not
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%

Study N, mean N, mean Weight
ID WMD (95% Cl) (SD); Treatment (SD); Control -y

1

1

1
Palevo 2009 T - 5.00 (-5.07, 15.07) 10,5 (11.1) 6,0(9.17) 15.62

1

1

1
Santos 2010 — 1.90 (-4.83, 8.63) 13,3.7 (8.59) 10, 1.8 (7.86) 34.96
Antunes-Correa 2014 — 2.00 (-4.21,8.21) 17,4 (10.9) 17,2 (7.14) 4114
Stevens 2015 - -4.00 (-17.84,9.84) 15, -1 (11.6) 7,3(16.9) 8.27
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Fig 4. Resistance training performed alone or combined with aerobic training and left ventricle ejection fraction (LVEF).

significantly different between groups (256 patients; WMD = 3.17%;
95% Cl —0.87 to 7.22%; I> = 66.7%, Fig 5).

ET and LV volumes

Compared to controls, ET was not associated with a significant
change in LV end-diastolic volume (MICT, 6 trials,®%11283031  — 317,
WMD: 1.85 ml; 95% CI —5.03 to 8.73 ml, I? = 0.0%; HIIT, 3 trials,5%!!
n = 235; WMD: —2.13 ml, CI —9.57 to 5.32 ml, I> = 0.0%; Resistance
training performed alone or in combination with aerobic training, 2
trials,'*32 n = 39, WMD: —1.24 ml; 95% Cl —31.64 to 29.16, > =
0.0%). No significant difference was found between HIIT and MICT for
end-diastolic volume (3 trials,>*!' n = 227; WMD: —4.17 ml, CI
—11.08 to 2.75 ml, > = 0.0%).

LV end-systolic volume did not significantly differ between MICT or
resistance training performed alone or combined with aerobic training
versus controls (MICT, 5 trials, #11-2831 n = 324; WMD: —6.14 ml;
95% Cl —12.83 to 0.54 ml, I = 0.0%; Resistance training performed
alone or in combination with aerobic training, 2 trials'*3?; n = 39,
WMD: —6.34 ml; 95% Cl —34.78 t0 22.09 ml, I = 0.0%). However, a sig-
nificant decrease in LV end-systolic volume was found between HIIT
and control (3 trials,>*'" n = 235; WMD: —10.66 ml, 95% Cl —17.73
to —3.58 ml, I> = 0.0%) but not versus MICT (3 trials,®*'" n = 235;
WMD: —4.77 ml, 95% CI —10.90 to 1.37 ml, I> = 0.0%).

ET and peak VO,

MICT significantly increased peak VO, compared to controls (13
trials®9:11:13:23-2628-31.33, 749 patients, WMD = 2.67 ml-kg-min~—!;
95% CI 1.81 to 3.53 ml-kg-min~'; I> = 70.6%). Given heterogeneity
across trials, further analysis by training length revealed that MICT
performed for <6 months was associated with a modest increase in
peak VO, (9 trials3911:24-2630.31.33 463 patients; WMD = 2.01
ml-kg-min~'; 95% CI 1.06 to 2.96 ml-kg-min~—!; I*> = 54.0%) while a

larger increase occurred with ET >6 months (4 trials,>23282° 286 pa-
tients, WMD = 3.88 ml-kg-min~"; 95% CI 2.79 to 4.98 ml-kg-min~';
I? = 48.4%).

Compared to control, peak VO, was significantly higher with HIIT (4
trials,®*1126 n = 267 patients; WMD = 3.63 ml-kg-min—"; 95% CI 1.99
to 5.28 ml-kg-min~!; I = 71.6%) and resistance training performed
alone or in combination with aerobic training (3 trials!#?23%; 79 pa-
tients; WMD = 3.19 ml-kg-min~—'; 95% CI 1.22 to 5.17 ml-kg-min~';
I> = 0.0%). Finally, the improvement in peak VO, was not different be-
tween HIIT and MICT (4 trials®®!'2%; 256 patients; WMD = 1.89
ml-kg-min~"'; 95% CI —0.39 to 4.16 ml-kg-min~'; I> = 86.7%).

Discussion

This 10-year review of ET trials in patients with HFrEF identified
three major new findings: 1) In clinically stable HFrEF patients, MICT
significantly improves LVEF compared to control with the greatest
improvement occurring with long-term (=6 months) training; 2) The
increase in LVEF is significantly greater with HIIT compared to control
but not compared to MICT; and 3) Resistance training performed
alone or with aerobic training (MICT or HIIT) does not improve LVEF.

A 2007 meta-analysis by Haykowsky et al. found that MICT signifi-
cantly increased LVEF (WMD: +2.6%) and decreased LV volumes in
clinically stable HFrEF patients.® We extend these findings here to
clinically stable HFrEF patients who are on optimal HF therapy, and
show that the anti-remodeling benefit with MICT is dependent on the
length of the ET program. The mechanisms underpinning this favorable
adaptation could be attributed to a reduction in LV afterload which is
associated with improved vascular endothelial function.>>3¢ Specifi-
cally, Hambrecht et al. reported a significant reduction in resting and
peak exercise total peripheral resistance after 6-months of MICT com-
pared to control.® The change in resting total peripheral resistance
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Fig 5. High-intensity interval training (HIIT) versus moderate-intensity continuous training (MICT) and left ventricle ejection fraction (LVEF).

was also positively related to the change in LV end-diastolic diameter
while changes in resting and peak exercise total peripheral resistance
were inversely related to the changes in stroke volume.® In a subgroup
of patients studied, the improvement in leg blood flow in response to
intra-arterial acetylcholine infusion (endothelial-dependent vasodilator)
after MICT was inversely related to changes in peak exercise total periph-
eral resistance and positively related to the increase in peak VO0,.2>>% Fi-
nally, our finding that peak VO, was significantly greater after long
versus short-duration MICT is likely due to “central” adaptations as the
change in maximal cardiac output is 3.5-fold higher after 6 months com-
pared to 2 to 3 months of training in clinically stable HFrEF patients. 26639

Four trials in this review compared the effects of HIIT versus MICT (2
to 3 months in duration, Table 1) or control on LV remodeling and peak
VO, in clinically stable HFrEF patients.®%!126 Our finding that HIIT was
not associated with a greater improvement in LVEF and peak VO, com-
pared to MICT may be related to the underlying intensity of the interval
training exercise stimulus. For example, Wisloff et al. reported a supe-
rior increase in resting systolic mitral annulus excursion and velocity,
LV outflow tract peak ejection velocity, isovolumic relaxation time,
peak annular velocity during early filling, brachial artery endothelial
function, mitochondrial function and peak VO, after 12 weeks of HIIT
(n = 9) compared to MICT (n = 9) and controls (n = 9).% Importantly,
subjects in the HIIT group exercised at 92% of their peak heart rate while
the MICT group exercised at 74% of their peak heart rate. In contrast, in
the SMARTEX trial, no significant difference was found between HIIT
and MICT for resting LVEF and peak VO,, however 51% of the HIIT partic-
ipants exercised below their prescribed ET intensity while 80% of the
MICT participants exercised above their prescribed intensity level."!
Therefore, the interval training intensity may be an important determi-
nant driving physiological benefit to LV function and peak VO,.

Our finding that resistance training performed alone or combined
with aerobic training (MICT or HIIT) significantly increased peak VO,

compared to control but was not associated with a significant change in
LVEF is consistent with a recent meta-analysis in HFrEF patients.*® The
failure of this form of exercise to attenuate LV remodeling may be due
to the increased pressure load associated with resistance exercise.*'"*?

Study limitations

The trials in this review compared HIIT to MICT over <12 weeks in
duration, consequently the long-term effects of HIIT on LV remodeling
and peak VO, and its determinants remain unknown. Secondly, few
studies compared the effects on LV remodeling of resistance training
alone or resistance combined with aerobic training (MICT or HIIT).
However, our results confirm our prior finding that this form of ET
does not attenuate LV remodeling in clinically stable HFrEF patients.®
Not all studies included LV volume measures, however LVEF has been
used extensively as a remodeling index*?, and a decrease in this
outcome can occur via a reduction in end-diastolic and/or end-systolic
volume. A final limitation common to cardiac rehabilitation and ET trials
was that a majority of HFTrEF patients in this analysis were males
(77%).4445 Thus, it is unclear if these findings extend to older female
HFTEF patients. Despite these limitations, and unlike our 2007 meta-
analysis using the same search strategy,® the majority of the subjects
in the trials included in this updated analysis were on evidence-based
HF therapy, and most of the investigators performing the outcome
measure analysis were blinded to group allocation.

Conclusions

In clinically stable HFrEF patients, MICT is an effective therapy to at-
tenuate LV remodeling and improve peak VO, compared to control with
the greatest benefits occurring with long-term (=6 months) training.
HIIT performed for 2 to 3 months is superior to control, but not MICT,
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for the improvement in LVEF and peak VO,. Finally, resistance training
performed alone or combined with aerobic training (MICT or HIIT) sig-
nificantly improved peak VO, without a change in LVEF.

Funding

None to declare.

Acknowledgments

The authors thank the following investigators'"'>'* for providing

additional data for inclusion in this meta-analysis. Dr. Tucker is
supported by American Heart Association (AHA) Grant (AHA Award
Number: 18POST33990210). Dr. Haykowsky is supported by the Moritz
Chair in Geriatrics at the University of Texas at Arlington, and National
Institutes of Health (NIH) R15NR016826-01 grant.

Statement of conflict of interest

None of the authors have any conflicts of interests with regard to this

publication.

References

1.

N

w

w

[=2]

~

ol

o

Benjamin EJ, Blaha M]J, Chiuve SE, et al. Heart disease and stroke statistics-2017 update: a
report from the American Heart Association. Circulation 2017;135:e146-e603.

. Konstam MA, Kramer DG, Patel AR, Maron MS, Udelson JE. Left ventricular remodel-

ing in heart failure: current concepts in clinical significance and assessment. JACC
Cardiovasc Imaging 2011;4:98-108.

. Kim GH, Uriel N, Burkhoff D. Reverse remodelling and myocardial recovery in heart

failure. Nat Rev Cardiol 2018;15:83-96.

. Nijst P, Martens P, Mullens W. Heart failure with myocardial recovery - the patient

whose heart failure has improved: what next? Prog Cardiovasc Dis 2017;60:226-236.

. Kondamudi N, Haykowsky M, Forman DE, Berry ]D, Pandey A. Exercise training for

prevention and treatment of heart failure. Prog Cardiovasc Dis 2017;60:115-120.

. Haykowsky M], Liang Y, Pechter D, Jones LW, McAlister FA, Clark AM. A meta-analysis

of the effect of exercise training on left ventricular remodeling in heart failure pa-
tients: the benefit depends on the type of training performed. ] Am Coll Cardiol
2007;49:2329-2336.

. Karlsen T, Aamot IL, Haykowsky M, Rognmo O. High intensity interval training for

maximizing health outcomes. Prog Cardiovasc Dis 2017;60:67-77.

. Wisloff U, Stoylen A, Loennechen JP, et al. Superior cardiovascular effect of aerobic

interval training versus moderate continuous training in heart failure patients: a ran-
domized study. Circulation 2007;115:3086-3094.

. Belardinelli R, Lacalaprice F, Ventrella C, Volpe L, Faccenda E. Waltz dancing in pa-

tients with chronic heart failure: new form of exercise training. Circ Heart Fail
2008;1:107-114.

. Haykowsky MJ, Timmons MP, Kruger C, McNeely M, Taylor DA, Clark AM. Meta-analysis

of aerobic interval training on exercise capacity and systolic function in patients with
heart failure and reduced ejection fractions. Am J Cardiol 2013;111:1466-14609.

. Ellingsen O, Halle M, Conraads V, et al. High-intensity interval training in patients

with heart failure with reduced ejection fraction. Circulation 2017;135:839-849.

. Weston KS, Wisloff U, Coombes JS. High-intensity interval training in patients with

lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis.
Br ] Sports Med 2014;48:1227-1234.

. Passino C, Del Ry S, Severino S, et al. C-type natriuretic peptide expression in patients

with chronic heart failure: effects of aerobic training. Eur J Cardiovasc Prev Rehabil
2008;15:168-172.

. Santos JM, Kowatsch I, Tsutsui JM, et al. Effects of exercise training on myocardial

blood flow reserve in patients with heart failure and left ventricular systolic dysfunc-
tion. Am ] Cardiol 2010;105:243-248.

. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of randomized

clinical trials: is blinding necessary? Control Clin Trials 1996;17:1-12.

. Follmann D, Elliott P, Suh I, Cutler J. Variance imputation for overviews of clinical tri-

als with continuous response. ] Clin Epidemiol 1992;45:769-773.

. Dersimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;7:

177-188.

. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-

analyses. BMJ 2003;327:557-560.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

45,

171

Light R, Pillemer DB. Summing Up. The Science of Reviewing Research. Cambridge, MA:
Harvard University Press. 1984.

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publi-
cation bias. Biometrics 1994;50:1088-1101.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997;315:629-634.

Antunes-Correa LM, Nobre TS, Groehs RV, et al. Molecular basis for the improvement
in muscle metaboreflex and mechanoreflex control in exercise-trained humans with
chronic heart failure. Am ] Physiol Heart Circ Physiol 2014;307:H1655-H1666.
Belardinelli R, Georgiou D, Cianci G, Purcaro A. 10-year exercise training in chronic
heart failure: a randomized controlled trial. ] Am Coll Cardiol 2012;60:1521-1528.
Brubaker PH, Moore ]B, Stewart KP, Wesley DJ, Kitzman DW. Endurance exercise
training in older patients with heart failure: results from a randomized, controlled,
single-blind trial. ] Am Geriatr Soc 2009;57:1982-1989.

Eleuteri E, Mezzani A, Di Stefano A, et al. Aerobic training and angiogenesis activation
in patients with stable chronic heart failure: a preliminary report. Biomarkers
2013;18:418-424.

Fu TC, Wang CH, Lin PS, et al. Aerobic interval training improves oxygen uptake
efficiency by enhancing cerebral and muscular hemodynamics in patients with
heart failure. Int ] Cardiol 2013;167:41-50.

Hassanpour Dehkordi A, Khaledi Far A. Effect of exercise training on the quality of life
and echocardiography parameter of systolic function in patients with chronic heart
failure: a randomized trial. Asian ] Sports Med 2015;6, e22643.

Hollriegel R, Winzer EB, Linke A, et al. Long-term exercise training in patients with
advanced chronic heart failure: sustained benefits on left ventricular performance
and exercise capacity. ] Cardiopulm Rehabil Prev 2016;36:117-124.

Klecha A, Kawecka-Jaszcz K, Bacior B, et al. Physical training in patients with chronic
heart failure of ischemic origin: effect on exercise capacity and left ventricular
remodeling. Eur ] Cardiovasc Prev Rehabil 2007;14:85-91.

Malfatto G, Branzi G, Osculati G, et al. Improvement in left ventricular diastolic stiff-
ness induced by physical training in patients with dilated cardiomyopathy. ] Card Fail
2009;15:327-333.

Muller L, Myers ], Kottman W, Luchinger R, Dubach P. Long-term myocardial adapta-
tions after cardiac rehabilitation in heart failure: a randomized six-year evaluation
using magnetic resonance imaging. Clin Rehabil 2009;23:986-994.

Palevo G, Keteyian SJ, Kang M, Caputo JL. Resistance exercise training improves heart
function and physical fitness in stable patients with heart failure. ] Cardiopulm
Rehabil Prev 2009;29:294-298.

Sandri M, Kozarez I, Adams V, et al. Age-related effects of exercise training on
diastolic function in heart failure with reduced ejection fraction: the Leipzig Exercise
Intervention in Chronic Heart Failure and Aging (LEICA) Diastolic Dysfunction Study.
Eur Heart ] 2012;33:1758-1768.

Stevens AL, Hansen D, Herbots L, et al. Exercise training improves insulin release
during glucose tolerance testing in stable chronic heart failure patients. ] Cardiopulm
Rehabil Prev 2015;35:37-46.

Hambrecht R, Fiehn E, Weigl C, et al. Regular physical exercise corrects endothelial
dysfunction and improves exercise capacity in patients with chronic heart failure.
Circulation 1998;98:2709-2715.

Hambrecht R, Gielen S, Linke A, et al. Effects of exercise training on left ventricular
function and peripheral resistance in patients with chronic heart failure: a random-
ized trial. JAMA 2000;283:3095-3101.

Hambrecht R, Niebauer ], Fiehn E, et al. Physical training in patients with stable
chronic heart failure: effects on cardiorespiratory fitness and ultrastructural abnor-
malities of leg muscles. ] Am Coll Cardiol 1995;25:1239-1249.

Coats AJ, Adamopoulos S, Radaelli A, et al. Controlled trial of physical training in
chronic heart failure. Exercise performance, hemodynamics, ventilation, and
autonomic function. Circulation 1992;85:2119-2131.

Dubach P, Myers ], Dziekan G, et al. Effect of high intensity exercise training on
central hemodynamic responses to exercise in men with reduced left ventricular
function. ] Am Coll Cardiol 1997;29:1591-1598.

Jewiss D, Ostman C, Smart NA. The effect of resistance training on clinical outcomes
in heart failure: a systematic review and meta-analysis. Int ] Cardiol 2016;221:674-
681.

Cheetham C, Green D, Collis ], Dembo L, O'Driscoll G. Effect of aerobic and resistance
exercise on central hemodynamic responses in severe chronic heart failure. ] Appl
Physiol (1985) 2002;93:175-180.

McKelvie RS, McCartney N, Tomlinson C, Bauer R, MacDougall JD. Comparison of
hemodynamic responses to cycling and resistance exercise in congestive heart failure
secondary to ischemic cardiomyopathy. Am J Cardiol 1995;76:977-979.

Bristow MR, Kao DP, Breathett KK, et al. Structural and functional phenotyping of the
failing heart: is the left ventricular ejection fraction obsolete? JACC Heart Fail 2017;5:
772-781.

Niederseer D, Thaler CW, Niederseer M, Niebauer ]. Mismatch between heart failure
patients in clinical trials and the real world. Int J Cardiol 2013;168:1859-1865.
O'Connor CM, Whellan DJ, Lee KL, et al. Efficacy and safety of exercise training in pa-
tients with chronic heart failure: HF-ACTION randomized controlled trial. JAMA
2009;301:1439-1450.


http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0005
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0005
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0010
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0010
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0010
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0015
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0015
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0020
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0020
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0025
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0025
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0030
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0030
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0030
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0030
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0035
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0035
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0040
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0040
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0040
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0045
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0045
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0045
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0050
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0050
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0050
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0055
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0055
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0060
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0060
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0060
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0065
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0065
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0065
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0070
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0070
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0070
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0075
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0075
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0080
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0080
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0085
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0085
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0090
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0090
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0095
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0095
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0100
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0100
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0105
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0105
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0110
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0110
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0110
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0115
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0115
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0120
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0120
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0120
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0125
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0125
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0125
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0130
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0130
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0130
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0135
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0135
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0135
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0140
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0140
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0140
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0145
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0145
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0145
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0150
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0150
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0150
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0155
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0155
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0155
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0160
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0160
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0160
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0165
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0165
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0165
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0165
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0170
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0170
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0170
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0175
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0175
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0175
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0180
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0180
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0180
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0185
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0185
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0185
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0190
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0190
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0190
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0195
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0195
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0195
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0200
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0200
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0200
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0205
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0205
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0205
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0210
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0210
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0210
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0215
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0215
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0215
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0220
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0220
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0225
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0225
http://refhub.elsevier.com/S0033-0620(18)30171-3/rf0225

	Meta-�analysis of Exercise Training on Left Ventricular Ejection Fraction in Heart Failure with Reduced Ejection Fraction: ...
	Methods
	Data sources
	Study selection
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	Study screening, selection and evaluation
	Studies included in the systematic review
	Quantitative data synthesis
	ET and LVEF
	ET and LV volumes
	ET and peak VO2


	Discussion
	Study limitations
	Conclusions
	Funding
	Acknowledgments
	Statement of conflict of interest
	References


