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Background: Resistance training (RT) has been utilised to target muscle dysfunction associated with Chronic
Heart Failure (CHF). However, there is limitedmeta-analysis evidence to support its use as a standalone therapy.
This meta-analysis examined the effects of RT on muscle strength (one repetition maximum, 1RM and Peak
Torque), aerobic capacity (VO2peak and 6 min walk distance) and quality of life (QoL) in patients with CHF.
Methods:We searchedMedline, EMBASE, Cochrane and CINAHL for studies published up to July 2016, combining
terms related to the population (eg, heart failure, CHF) with terms for the intervention (eg, resistance, strength
training) and the outcomes (eg, QoL, VO2 peak, strength, aerobic capacity).
Results: Ten studies including 240 participants were included in our meta-analysis (aged 48–76 years, Ejection
Fraction 18–37%). Training duration ranged from 8 to 24 weeks and intensity up to 80% of 1RM. RT increased
1RM (standardised change score = 0.60; 95% Confidence Interval: 0.43, 0.77) but not strength measured via
peak torque at 60°/s−1 and 180°/s−1. RT increased VO2peak (CSMD: 2.71 ml/kg/min; 1.96, 3.45) and QoL
(CSMD:−5.71; −9.85, −1.56).
Conclusion: RT as a single intervention can increase muscle strength, aerobic capacity and QoL in patients with
CHF and may offer an alternative approach, particularly for those unable to participate in aerobic training. The
effect of RT on muscle strength is mainly during slow controlled movements and not during rapid movements.
Older adults and patients with advanced CHF are underrepresented in RT trials and future studies should seek
to optimise their inclusion.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Chronic Heart Failure (CHF) is a dynamic and progressive syndrome,
which develops secondary to structural or functional abnormalities of
cardiac tissue. It leads to the inability of the heart to supply enough
blood to meet the body's metabolic needs and causes breathlessness,
fatigue and reduced exercise tolerance [1]. Life expectancy in patients
with CHF is increasing however, many of these recovered years are
spent with debilitating burden of symptoms [2], high incidence of
hospitalisations [3,4] and a poor ultimate prognosis [4].

Treatment for patients with CHF is alike other terminal illnesses and
is primarily focussed on managing symptoms and maintaining quality
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of life (QoL). Exercise training is an integral component of this paradigm
[5–7] due to its capacity to ameliorate symptoms [8], reduce hospital
admissions [9] and improve functional capacity, which translate into
improved QoL [8,10–12]. Traditional approaches to exercise rehabilita-
tion have largely focussed on aerobic-based training given its ability to
increase aerobic capacity (VO2peak) [13–15]. However, it is now accept-
ed that exercise intolerance in CHF is not exclusively due to central
cardiovascular factors and consequently, clinicians are moving beyond
a centrally focussed treatment approach. Specifically, the “muscle hy-
pothesis” argues that abnormalities in peripheral muscle tissue initiate
deleterious feedback loops and become drivers for disease progression
[16]. Adding to the fact that muscle mass is strongly correlated with
VO2peak [17,18] it has been argued that targeting muscle dysfunction
may interrupt these maladaptive feedback loops and improve exercise
tolerance [19].

Resistance training (RT) is normally employed for conditioning
skeletal muscle tissue however, it was largely overlooked for patients
with CHF prior to 1990’s due to concerns that high cardiac afterload
onmuscle strength, quality of life and aerobic capacity in patientswith
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Fig. 1. Eligibility criteria for study inclusion.
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may adversely affect left ventricular remodelling [8,20]. More
recently, modern methods of hemodynamic measurement have
allayed these concerns by confirming the integrity of the left
ventricle during RT [12,21]. With confirmation of safety and
acknowledgment of the wider health and fitness benefits, RT is
now supported in clinical practice guidelines for people with
cardiovascular disease [22]. There are however, several unresolved
limitations to these guidelines, which continue to impact on clinical
decision making.

Firstly is the question of applicability of current best practice
guidelines to patients with CHF. The joint council Scientific State-
ment from the American Heart Association recommends RT for indi-
viduals with and without cardiovascular disease [22]. The guideline
presents a consensus of evidence supporting the safety and efficacy
of RT through large randomised controlled trials and meta-
analyses. However, these data are largely derived from patients
with cardiovascular diseases other than CHF, or in patients with
few comorbidities or risk factors. In specific reference to CHF, the
guidelines are based on only a small number of individual studies
[23,24]. The precision of estimates of effects derived from such
studies is limited and authors acknowledged the need for further
evidence. The consequences of overly generalised guidelines for
cardiovascular disease is particularly problematic in CHF, since it is
the end stage of other cardiovascular conditions and as such, patients
often suffer from multi-organ and co-morbid disease which can
further challenge management. For instance, Havranek et al. [25].
reported an incidence of diabetes and chronic obstructive
pulmonary disease of 40% and 33%, respectively, in elderly patients
with CHF.

Secondly, patients with CHF are generally older than those with
other cardiovascular conditions, yet this age discrepancy is largely un-
addressed in these guidelines. The Framingham Heart study reported
a mean age of diagnosis of 76.4 years for CHF [26], compared to 56 or
65 years for the median age of first myocardial infarction, for men and
women respectively [27]. Patients with CHF, particularly those who
are elderly, are a heterogeneous group and differ significantly from
patients with other cardiovascular diseases. The complexity of the
illness merits exclusive exercise recommendations for treatment. It is
for this reason, that explicit medical guidelines exist for patients with
CHF which pay specific attention to the management of co-
morbidities, as well as issues related to older age [28].

Finally, the focus for cardiac rehabilitation remains heavily on
aerobic or centrally focussed training and limited evidence exists to
support RT as an effective standalone therapy. It was previously
reported that RT has a smaller effect compared to aerobic training
in increasing peak VO2 in patients with CHF [29], however RT pro-
duces greater improvements in skeletal muscle strength and endur-
ance [30]. The American Heart Association acknowledges the
potential benefits of RT for cardiovascular health, weight manage-
ment and prevention of disability and falls, however, given the ex-
tensive benefits of aerobic training, RT was not recommended to be
used as its substitute [22]. Some clinicians and researchers have
argued that many patients have insufficient capacity to tolerate
aerobic exercise, such as those who are elderly or have more
advanced CHF and that RT may be a suitable alternative for these pa-
tients [31–33].

Systematic reviews and meta-analysis are the reference standard
for developing clinical practice guidelines because of their methodo-
logical rigour and assessment of potential bias. To our knowledge
only one meta-analysis has analysed the effects of RT versus usual
care in patients with CHF [34], however this study did not analyse
muscular strength. Therefore, the purpose of this meta-analysis
was to systematically review randomised controlled trials (including
quasi-randomised designs) and meta-analyse the effects of RT, as a
single intervention, on muscle strength, aerobic capacity and QoL
in patients with CHF.
Please cite this article as: C. Giuliano, et al., The effects of resistance training
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2. Methods

2.1. Search strategy

With the support from a clinical librarian, we developed search strategies to identify
controlled trials of RT in patients with CHF. Specifically, we focussed on the effect of RT
on muscle strength (1 repetition maximum, 1RM, and/or peak isokinetic torque), aerobic
capacity (measured by VO2 peak and/or 6 min walk distance [6MWD]), and QoL measured
using the Minnesota Living with Heart Failure questionnaire. We searched CINAHL,
Medline, EMBASE, and Cochrane databases up to 10th July, 2016. In brief, the search strat-
egy combined terms related to the population (eg, heart failure, cardiomyopathy, CHF)with
terms for the intervention (eg, resistance training, strength training, circuit training) and the
outcomes (eg, QoL, VO2peak, muscle strength, aerobic capacity). The full electronic search
strategy for Medline is presented in Appendix 1. Next, we hand searched the reference
lists of retrieved papers to identify additional relevant studies. Unpublished studies or
eligible abstracts (i.e. from conferences and research meetings) that did not have full
text available were not included.

2.2. Eligibility criteria

The inclusion criteria for studies were: (i) controlled trials (including quasi-
randomised design); (ii) adult participants N18 years with CHF, where a diagnosis was
based on clinical signs or left ventricular ejection fraction less than 40%; (iii) intervention
of interest was progressive RT, and included regimes designed for targeted muscle train-
ing, or those inwhich high central cardiovascular strain or aerobic stimuluswas specifical-
ly avoided; (iv) the comparison group was a non-exercise control group (i.e. studies
comparing RT to another mode of exercise were excluded); and (v) the outcome of inter-
est was aerobic capacity measured using the 6 min walk distance (6MWD), and/or
VO2peak, QoL measured using the Minnesota Living with Heart Failure Questionnaire;
and/ormuscle strengthmeasured using 1RMand/or peak isokinetic torquemeasurements
(Fig. 1). In the case of suspected duplication of data across publications, authors were
contacted for confirmation and only the largest study was included.

2.3. Data extraction

CG and AK extracted the data from the included studies and IL resolved discrepancies.
The following data were extracted: (i) the characteristics of the participants in the control
and intervention group i.e. sample size, mean (standard deviation) age, sex, New York
Heart Association Class (NYHA), ejection fraction (%), mean height (meters) and mean
onmuscle strength, quality of life and aerobic capacity in patientswith
rd.2016.11.023
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weight (kilograms); (ii) details of themethodology used for the resistance training group (i.e.
the treatment group): type of training, frequency and duration, session time, intensity, sets
and repetitions, andmethod of progression; and (iii) details of the outcomes of interestmea-
sured at baseline and follow-up for the treatment and control groups, i.e. aerobic capacity
measured using the 6MinuteWalk Distance (metres), VO2peak (mL/kg−1/min−1), QoLmea-
sured using the Minnesota Living with Heart Failure Questionnaire, Muscle Strength mea-
sured using 1RM, or Peak Isokinetic Torque measurements (180°/s−1 and/or 60°/s−1).

2.4. Data analysis

We estimated usingmeta-analysis with random effects the pooledmean difference of
the change scores for each outcome. We used the restricted maximum likelihood estima-
tor to estimate the between study heterogeneity [35]. For outcomes that were measured
with different equipment/scales (i.e. 1RM), we estimated a pooled standardisedmean dif-
ference of the final values.

We visually inspected funnel plots of the study size versus standard error and
performed Egger's regression asymmetry test to assess bias due to small study effects
[36]. There was no indication of small-study effects (available on request) from the funnel
plots or Egger's test.

Statistical heterogeneity between studies was tested with the Q statistic and
quantified with the I2 statistic [37].

2.5. Assessment of study quality

We used the Cochrane Risk of Bias tool to assess the quality of the studies [38]. The
tool consists of the following seven domains: sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of outcome assessment, incomplete
outcomedata, selective outcome reporting and ‘other issues’. Each domainwas considered
for each of the included studies and assigned either a low, high or unclear risk of bias. For
each of the included studies an overall risk was displayed visually utilising RevMan5
software.

2.6. Sensitivity analyses

We estimated the pooled mean difference of the change score between baselines and
follow-up for each outcome between the two groups (i.e. resistance training and control)
using meta-analysis with fixed effect. The standard deviation of the change score was
calculated from the baseline and follow-up standard deviations by assuming that the cor-
relation between baseline and follow-up scores was 0.8 [39,40].

We assessed the balance of the outcomesmeasurements at baseline for each study by
undertaking a meta-analysis of the primary outcome at baseline [41];baseline imbalance
was not detected.

This systematic reviewwas planned, conducted and reported based on the guidelines
set out by the Preferred Reporting Items for Systematic reviews andMeta-Analyses Guide-
lines [42] (Appendix 2). Statistical analyses were carried out using Stata version 13.1[43].

3. Results

3.1. Study selection

The search strategy identified 10,424 citations. After removal of
duplicates, 7650 were broadly screened by title and abstract and 7596
articles were excluded. Fifty-five articles were included for full text re-
view. Of these, a further 45 were excluded leaving 10 articles for inclu-
sion in the meta-analysis. The reasons for excluding articles are shown
in Fig. 2; 19 papers did not report on the outcome(s) of interest. One ad-
ditional study was identified incidentally while confirming inclusion
criteria for another identified paper, via direct contact with the author.

3.2. Study characteristics

Table 1 summarises the characteristics of the included studies. A
total of 240 patients (59 females; 25%) took part in the ten studies, of
which 112 were in the control groups. Studies were published between
1997 and 2011 of which three were conducted in Australia [44–46],
three in the USA [24,47,48], two in Sweden [49,50] and one each in
Germany [51] and Luxembourg [52]. Sample sizes were generally
small and ranged from 15 to 39 participants. Two studies recruited
only male participants [44,48], one study recruited women only [24]
and the remaining studies recruited both males and females [45–47,
49–52].

Age of participants across studies ranged from 48 to 76 years. Eight
of the studies included patients with a mean age of less than 65 years
Please cite this article as: C. Giuliano, et al., The effects of resistance training
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[44–47,49–52]. One study [24] specifically recruited older women, and
had a mean age of 76 years.

Eight of the studies reported NYHA class [24,45,46,48–52]. Seven
studies [44,45,47–50,52] reported the number of participants per class
group; NYHA Class I: 19 (17%), Class II: 48 (42%) , Class III: 46 (41%),
and none of the studies involved patients with NYHA class IV. Three
studies [24,46,51]. Reported the mean class as a continuous variable of
which the mean across studies was 2.6. Left Ventricular Ejection Frac-
tion (LVEF) ranged from 18 to 37%.

Study protocols for RT interventions varied and included the use
of free weights, cuff weights, machine resisted exercise, multi-
system gym systems and Theraband resisted exercise (Table 2).
Two studies [46,47] utilised cycle ergometers for their training inter-
vention. Although this is traditionally viewed as aerobic training, au-
thors commented on the rationale for their exercise prescription,
which was to avoid intensities in the aerobic training zone in order
to limit central strain and specifically target muscle tissue. Specifical-
ly, Selig et al. stated that “Arm and leg cycling were each of short
duration (0.5 to 2 min) and relatively moderate intensities (by
heart rate monitoring)—the objective being to provide additional
strength exercise while minimizing aerobic training effects” [46].
Beniaminoitz et al. ultised “selective exercise of leg muscles at a
low level that does not condition the respiratory muscles. To do
this, patients were carefully trained at a work load that did not
increase the minute ventilation beyond 25 l/min”. Therefore, these
studies were included in the analysis.
3.3. Lower body muscle strength

Four studies [24,44,45,48]with a total of 35 participants in the inter-
vention group and 36 participants in the control groupwere included in
the analysis of 1RM of leg press. Pu et al. [24]used pneumatic resistance
equipment for the measurement of 1RM, whilst the other studies used
weight stacked machines, so we estimated a pooled standardised
mean difference using a fixed effect. Lower body muscle strength was
increased in the RT group compared to the control group (standardised
change score = 0.60, 0.43, 0.77) (Fig. 3).

Four studies [46,47,49,52] evaluated changes to lower body muscle
strength via isokinetic peak torque at 60°/s−1 with 63 participants in
the intervention group, and 55 in the control group. These studies re-
ported no change in muscle strength (6.84 60°/s−1 Nm, −0.75,
14.43). Two studies [49,52] analysed lower body muscle strength via
peak isokinetic torque at 180 °/s−1 with 27 participants in the control
and the intervention groups. These studies reported no change in mus-
cle strength (5.02180°/s−1 Nm;−7.07, 17.12) (Fig. 4).
3.4. Aerobic capacity

Nine studies [24,44–47,49–52] reported VO2peak data, with 122
participants in the intervention group and 102 participants in the con-
trol group. Four studies [24,47,48,50] used the 6MWDand they included
32 participants in the intervention group and 25 participants in the
control groups. BothVO2peak and 6MWD improved in theRT group com-
pared to the control group (VO2peak, 2.71ml/kg/min, 1.96, 3.45; 6MWD,
59.26 m; 36.75, 18.78) (Figs. 5 and 6).
3.5. Quality of Life

Three studies included QoL assessment [44,47,52]. The studies
included a total of 40 participants in the RT group and 30 participants
in the control groups. A reduction in QoL scores (indicating an
improvement in QoL) was seen following RT, compared to the control
(−5.71 points,−9.85, −1.56) (Fig. 7).
onmuscle strength, quality of life and aerobic capacity in patientswith
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Fig. 2. Identification, screening, and selection of studies. (PRISMA Flow Diagram).
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3.6. Sensitivity analyses

We conducted a sensitivity analysis where we used the final values
instead of the change scores; the effect estimates did not materially
change.
Table 1
Participant characteristics.

Author, year Height (m) and weight (m)
or BMI (kg/m2) (mean ± SD)

Age (m

Cider, 1997 [48] · Height: 171.6 ± 32.9
· Weight: 76.1 ± 44.7

· Height: 172.2 ± 23.2
· Weight: 75.8 ± 42.3

61.8 ±

Feiereisen, 2007 [51] · Height: 174 ± 7
· Weight: 86.7 ± 15.5

· Height: 173 ± 6
· Weight: 84.2 ± 15.3

57.9 ±

Grosse, 2001 [50] · Height: 175.5 ± 7.4
· Weight: 65.0 ± 22.1

· Height: 174.8 ± 8.8
· Weight: 77.1 ± 15.0

56.5 ±

Levinger, 2005 [43] · Height: 178.6 ± 4.7
· Weight: 91.4 ± 14.0

· Height: 177.7 ± 10.5
· Weight: 91.1 ± 10.7

57.3 ±

Palevo, 2009 [47] · Height: 175 ± 0.08
· Weight: 77 ± 19

· Height: 1.78 ± 0.08
· Weight: 91 ± 24

70 ±

Pu, 2001 [24] · BMI: 24.7 ± 3.6 · BMI: 28.0 ± 5.0 76.6 ±
Selig, 2004 [45] · Height: 171 ± 9

· Weight: 84 ± 19
· Height: 171 ± 7
· Weight: 79 ± 12

65 ±

Tyni-LennÈ, 2001 [49] · BMI: 28 ± 4 · BMI: 27 ± 7 63 ±
Beniaminovitz, 2002 [46] · Height: 172.7 ± 7

· Weight: 84.6 ± 11.1
· Height: 172.7 ± 7
· Weight: 76.5 ± 3.9

50 ±

Maioriana, 2011 [44] · BMI: 28.4 ± 2.7 · BMI: 30.1 ± 4.5 58.8 ±
Cider, 1997 [48] · Height: 171.6 ± 32.9

· Weight: 76.1 ± 44.7
· Height: 172.2 ± 23.2
· Weight: 75.8 ± 42.3

61.8 ±

Please cite this article as: C. Giuliano, et al., The effects of resistance training
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3.7. Study quality

Fig. 8 shows the risk of bias for each study according to the seven do-
mains in the Cochrane Risk of Bias Tool. Our attempts to assess risk of
bias were limited in many cases by incomplete reporting by authors.
ean ± SD) NYHA class
(I/II/III/IV or
mean ± SD)

LVEF (%)
(Mean ± SD)

33.9 64.7 ± 18.35 7/3/2/0 5/2/3/2 Not stated Not stated

5.8 55.5 ± 7.5 0/3/12/0 0/8/7/0 24 ± 7 25 ± 6

9.5 58.4 ± 5.8 3 ± 0.4 3 ± 0.5 28.3 ± 10.1 26.2 ± 11.2

11.1 56.7 ± 10.0 Not stated Not stated 35.4 ± 6.3 34.0 ± 8.8

12 65 ± 13 0/3/7/0 0/4/3/0 32 ± 0.12 40 ± 0.8

6 76.6 ± 6.4 2.2 ± 0.3 2.3 ± 0.5 36.3 ± 8.1 36.0 ± 7.7
13 64 ± 9 2.4 ± 0.5 2.3 ± 0.4 27 ± 7 28 ± 6

9 62 ± 11 0/11/5/0 0/6/2/0 30 ± 9 30 ± 10
12.3 48 ± 11.3 Not stated Not stated 20 ± 4.1 18 ± 2.8

12.1 64.4 ± 8.3 3/6/3/0 4/6/2/0 26 ± 3 37 ± 3
33.9 64.7 ± 18.35 7/3/2/0 5/2/3/2 Not stated Not stated

onmuscle strength, quality of life and aerobic capacity in patientswith
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Table 2
Intervention characteristics.

Author Type of resistance training Frequency &
duration

Duration of
session

Intensity (% of 1RM) and method of
progression

Tempo Sets × reps Rest between sets

Cider, 1997 [49] Circuit weight training · 2 per week
· 5 months

60 min · 60% of 1RM
· 1RM tested once a month and weights
progressed accordingly

2 s concentric
2 seccentric Ŧ

2 × 30 ƚ 15 s

Feiereisen, 2007 [52] Machine weights
· latissimus pulldown, reverse
butterfly, row, shoulder
abduction, knee extension, knee
flexion, leg press, calf
raises, trunk flexion, trunk extension

· 3 per week
·
14.33 weeks
¥

45 min · 60% of 1RM for first 20 sessions
· increased to 70% final 20 sessions

3 s concentric
3 s eccentric

4 × 10 120 s

Grosse, 2001 [51] Cuff weights
· Four muscle groups; biceps,
triceps,
quadricepts, ischiocrurale

· 2 per week
· 12 weeks

Not stated · 65% 1RM ≠
· Progression individually based
on using RPE

Not stated 2 × 15 120 s

Levinger, 2005 [44] Multi-station machine
· 8 different exercises for the major
muscle groups

· 3 per week
· 8 weeks

60 min · 40–60% of 1RM
· Increased 4.54 kg as upper desired
number of repetitions was reached

Not Stated 1 × 15–20 Progressing to
3 × 8–12

Not Stated

Palevo, 2009 [48] Free weights & machine weights
· Bench press, seated knee
extension,
lateral raise,
leg curl, back extension, incline leg
press, abdominal
curl, latissimus pulldown, elbow
flexion, calf raise, elbow
extension and toe raise

· 3 per week
· 8 weeks

Not stated · 60% 1RM initially
· Progression individually based on
using RPE, no more than 10% per week

Not stated 2 × 12–15 120 s

Pu, 2001 [24] Pneumatic-resistance training
equipment
· Seated leg press, chest press,
knee ext., triceps and knee flex

· 3 per week
· 10 weeks

60 min · 80%1RM
· Not stated

Each rep 6–9 s
2–3 s rest between
reps

3 × 8 60–90 s

Selig, 2004 [46] Multi-station machine and leg
ergometers

· 3 per week
· 12 weeks

Not stated · Cycling/climbing (0.5–2 min) and
2 × 30 s of strength training at moderate intensity
· Progression by increasing resistance or sets

Not stated Cycling/climbing (0.5–2 min)
and 2 x 30s of strength training at
moderate intensity? how
this was measured

Determined by heart
rate to within 10
beats of
resting

Tyni-LennÈ, 2001
[50]

Therabands · 3 per week
· 8 weeks

60 min · Theraband increased when RPE scored b13/20 70 beats per minute 2 × 25 Not Stated

Beniaminovitz, 2002
[47]

Therabands and cuff weights
· Bicycle and treadmill at b50% of
peak VO2
and minute ventilation b25 l/min
and heart rate b 120 beats/min

· 3 per week
· 3 months

Not stated · 2 lb./leg increasing by 2 lb./leg per month and
additional set
· Theraband also progressed each month

Not Stated Not Stated Not Stated

Maioriana, 2011 [45] Not specified · 3 per week
· 12 weeks

46.5 min · 50–60%1RM for first 6 weeks
· increasing to 60–70%1RM for weeks 7 to 12

Not Stated · First few sessions: 45 s
work:45 s rest
· Thereafter, 3 × 9

· First few sessions:
45 s
· Thereafter, 3 min
rest

ƚ = reported by authors as 2 sets, performed for 1 min of time; at 1 rep every 2 s = 30 reps, Ŧ = reported by authors as 1 activation every other second, ≠ = 1RM estimated from 15RM by calculations.
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Fig. 3.Mean difference between resistance training group and control group for the change in 1 repetitionmaximum between baseline and follow-up; dashed line, overall estimate; bars,
95% confidence interval (CI).
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Where reporting detail made assessment possible, bias was most com-
monly seen due to a lack of blinding of participants and personnel,
which is difficult to manage in an exercise intervention study whereby
exercise must be supervised. Two of the included studies [44,47] were
controlled trials, but not randomised.

4. Discussion

Themain findings of the currentmeta-analysis are that RT as a single
intervention can increase muscle strength, aerobic capacity, and QoL in
patients with CHF. However the effect of RT onmuscle strength is main-
ly during slow controlled movements (1RM) and not during rapid
movements. Older adults, who are the vast majority of patients with
CHF, are underrepresented across studies and there are no RT studies
in patients with severe CHF (NYHA IV).
Fig. 4.Mean difference between resistance training group and control group for the change in is
line, overall estimate; bars, 95% confidence interval (CI).

Please cite this article as: C. Giuliano, et al., The effects of resistance training
chronic heart failure..., Int J Cardiol (2016), http://dx.doi.org/10.1016/j.ijca
To our knowledge, only one previous meta-analysis [34] has
reported on the isolated effects of RT and included only four studies
comparing RT alone to a control group. In this review, two studies
with 40 participants [24,50] were pooled using a fixed effect model
and found an increased weighted mean difference of 52 m (95% CI: 19
to 85 m) for the 6MWD which is similar to our own findings. On the
other hand, data from four studies with 96 participants [24,46,49,50]
were pooled for VO2peak, resulting in a weighted mean difference of
1.4 ml/kg/min (95% CI: −0.3 to 3.1 ml/kg/min). The authors did not
assess whether or not the baseline values of the outcomes for the
individual studies were balanced and using an analysis of final values
could lead to biased estimates [53].

Contrary to this finding, our systematic review and meta-analysis
pooled estimates from nine studies and revealed for the first time that
RT increased VO2peak compared to a control group. VO2peak is an
okinetic torque at 60 and 180 degrees per second between baseline and follow-up; dashed
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Fig. 5. Mean difference between resistance training group and control group for the change in VO2 Peak between baseline and follow-up; dashed line, overall estimate; bars, 95%
confidence interval (CI).
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important clinical measure in patients with CHF as it is closely linked to
cardiovascular mortality [54,55] . Therefore, increasing VO2peak is a key
objective of cardiac rehabilitation. Current guidelines favour aerobic
training when the primary objective is to increase aerobic capacity, as
this mode has been shown to have greater benefits than RT for this out-
come [30,33]. However, clinicians and researchers have suggested that
aerobic trainingmay beunsuited to somepatients, especially the elderly
[33,56]. RT has an effect on skeletal muscle, but elicits less strain on the
cardio-respiratory system compared to aerobic exercises. It may
therefore be a suitable alternative for patients with CHF. Indeed, the
current meta-analysis indicates that RT has the capacity to increase
aerobic capacity in this population.

As expected, this meta-analysis revealed that RT improves muscle
strength in the lower extremity in patients with CHF. This is clinically
and functionally important for patients with CHF. Loss of muscle mass
and strength, known as sarcopenia [57] is prevalent in the community-
dwelling populations and is a determinant of independence, prolonged
hospital admissions and reducedQoL [58]. In CHF, the changes in skeletal
muscle may be even more pronounced, with further disease-mediated
reductions in muscle mass and strength [59]. In CHF, skeletal muscle
strength is strongly correlated with both morbidity and mortality [60,
61] and is an independent predictor of VO2peak [17]. The impact ofmus-
cle mass and muscle strength may be overlapping to some degree. In-
deed, patients with reduced muscle mass have been shown to have
poorer muscle strength and VO2peak [59].

Muscle strength also has a profound impact on independent liv-
ing and functional capacity. In patients with CHF, the capacity to
Fig. 6.Mean difference between resistance training group and control group for the change in 6
interval (CI).

Please cite this article as: C. Giuliano, et al., The effects of resistance training
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perform activities of daily living (ADLs) is 30% lower than healthy
controls and this can be attributed to both reduced muscle strength
and aerobic capacity [62]. Furthermore, Seo et al., demonstrated
that patients with CHF with poorer quadriceps muscle strength had
greater dyspnea and exercise intolerance compared to individuals
with greater muscle strength [63]. Improvement or at least preserva-
tion of muscle strength is an important clinical objective for patients
with CHF. Our results confirm that RT is an important method to
achieve this outcome.

Interestingly, this meta-analysis revealed that improvements in
muscle strengthwere seen only during relatively slow 1RMmovements
and not during relatively rapid movements of 60 and 180°/s−1. The im-
plication of this finding is not entirely clear, but it may be hold clinical
and functional importance. For instance, it was previously reported
that the inability of skeletal muscle to generate rapid movements is re-
lated to a higher risk of falls in the elderly [64]. Moreover, it may be
more important than muscle strength per se in preventing slip related
falls [65]. Falls in patients with CHF, are common; 7–15% higher
compared to other disease states [66] although the factors associated
with falls in CHF are not clear [67]. It is plausible that standard RT
programs that target muscle power will increase the capacity to
performADLs and QoL, but will have a limited effect on falls risk. Future
studies should test the hypothesis that power training is superior to
standard RT in reducing falls risk in patients with CHF.

This meta-analysis highlights an under-representation of elderly
patients, as well as those with advanced CHF (NYHA Class IV) in RT
trials. This creates concerns regarding the interpretation and application
MWDbetween baseline and follow-up; dashed line, overall estimate; bars, 95% confidence
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Fig. 7.Mean difference between resistance training group and control group for the change in QOL between baseline and follow-up; dashed line, overall estimate; bars, 95% confidence
interval (CI).
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of guidelines to thewider CHF population. For instance, the incidence of
CHF was shown to increase 9% with each year of age over 65 [68].
Furthermore, the Framingham Heart Study reported a mean age of
diagnosis of 76.4 years [26] yet only one of the included RT studies
included patients above 65 years, the remaining were 6–28 years
younger. Adding the fact that there is a growing population of elderly
patients with CHF; a consequence of both an ageing population and
Fig. 8. Risk of Bias. Note: ? indicates unclear, + indicates low risk, − indicates high risk.

Please cite this article as: C. Giuliano, et al., The effects of resistance training
chronic heart failure..., Int J Cardiol (2016), http://dx.doi.org/10.1016/j.ijca
improved survival from other cardiovascular conditions that are
precipitators for CHF, the evidence base is limited and further studies
are needed with a more representative group of patients.

The strengths of this meta-analysis are that we employed a
comprehensive search strategy, with the help of a clinical librarian,
which resulted in a comprehensive list of citations. We used the
Cochrane Risk of Bias tool to assess the risk of bias from individual
studies. Our assessment of bias was limited by the information
presented by the individual papers and we strongly encourage future
studies to report in accordance with the CONSORT statement [69].

The currentmeta-analysis has somepotential limitations. First, there
are a relatively small number of studies, generally with a small number
of participants. Second, meta-analyses are also limited by the potential
of small study effects, where smaller studies that do not find an associ-
ation do not publish their results. We used visual inspection of funnel
plots and Egger's regression asymmetry test to ascertain bias due to
small-study effects [36]. With the small number of studies included in
our meta-analyses, it was difficult to ascertain whether there was any
bias present from small-study effects and Egger's test is known to
have low power when less than 20 studies are included in a meta-
analysis [70]. Current recommendations for meta-analysis of continu-
ous outcomes suggest the use of ANCOVA estimates when available
[39]. However, ANCOVA estimates were poorly reported, we used the
change scores and conducted a sensitivity analysis of the final values.
Future studies should report the actual ANCOVA estimates when such
analyses are conducted so they can be properly used in evidence
synthesis [39].

In conclusion, RT as a single intervention can increase muscle
strength, aerobic capacity, and QoL in patients with CHF. The effect of
RT on muscle strength is mainly during slow controlled movements
and not during rapid movements which may have clinical implications
for falls related risks. In addition, this study identified that older adults
and patients with advanced heart failure are underrepresented in
resistance training controlled trials and further research should seek
to optimise inclusion of these patients.
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Appendix 1. Search Stategy for Medline
# Searches Results

1 Exercise/ 74,066
2 exercis*.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept

word, rare disease supplementary concept word, unique identifier]
284,520

3 Circuit-based exercise/ 11
4 Physical conditioning, human/ 504
5 Plyometric exercise/ 146
6 Resistance training/ 4321
7 Walking/ 23,153
8 Swimming/ 14,362
9 Exercise therapy/ 29,095
10 Hydrotherapy/ 2300
11 hydrotherapy.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary

concept word, rare disease supplementary concept word, unique identifier]
2611

12 “physical therap*”.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier]

41,725

13 ((resistance or aerobic or strength* or interval or circuit) adj2 (training or program*)).mp. [mp = title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier]

16,295

14 calisthenic*.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier]

170

15 callisthenic*.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier]

29

16 rehab*.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier]

140,613

17 kinesiotherap*.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier]

139

18 strengthen*.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier]

53,209

19 exp Running/ 15,010
20 running.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept

word, rare disease supplementary concept word, unique identifier]
50,911

21 walk*.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]

89,560

22 exp Walking/ 23,241
23 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 603,308
24 heart failure.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept

word, rare disease supplementary concept word, unique identifier]
154,113

25 exp Heart Failure/ 95,125
26 Ventricular dysfunction, Left/ 22,541
27 cardiomyopathy.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary

concept word, rare disease supplementary concept word, unique identifier]
60,012

28 exp Cardiomyopathies/ 78,146
29 Left Ventricular Ejection Fraction.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol

supplementary concept word, rare disease supplementary concept word, unique identifier]
18,484

30 Cardiac resynchronization.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier]

5648

31 LV dysfunction.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier]

3134

32 Left ventricular systolic dysfunction.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier]

2290

33 Left ventricular diastolic dysfunction.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier]

1118

34 Cardiac failure.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier]

10,660

35 (HFNEF or HFPEF or HFREF or “HF NEF” or “HF PEF” or “HF REF”).mp. [mp = title, abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier]

983

36 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 261,972
37 Randomized controlled trial.pt. 418,427
38 Controlled clinical trial.pt. 92,318
39 Randomized.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept

word, rare disease supplementary concept word, unique identifier]
644,093

40 Placebo.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier]

176,469

41 Clinical trials as topic.sh. 180,293
42 Randomly.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept

word, rare disease supplementary concept word, unique identifier]
246,690

43 Trial.mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]

957,056

44 37 or 38 or 39 or 40 or 41 or 42 or 43 1,357,098
45 exp animals/ 18,760,612
46 Humans/ 14,599,060
47 45 not 46 4,161,552
48 44 not 47 1,259,412
49 23 and 36 and 48 4207
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http://dx.doi.org/10.1016/j.ijcard.2016.11.023


10 C. Giuliano et al. / International Journal of Cardiology xxx (2016) xxx–xxx
Appendix 2. PRISMA checklist
Section/topic # Checklist item Reported on page
#

Title
Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

Abstract
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of
key findings; systematic review registration number.

1

Introduction
Rationale 3 Describe the rationale for the review in the context of what is already known. 3–4
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,

outcomes, and study design (PICOS).
4

Methods
Protocol and
registration

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration
information including registration number.

7

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving rationale.

5,14

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional
studies) in the search and date last searched.

5, 25 (appendix)

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 26–29
(appendix)

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in
the meta-analysis).

5–6

Data collection
process

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for
obtaining and confirming data from investigators.

6–7

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications
made.

5, 14 (Fig. 1)

Risk of bias in
individual studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the
study or outcome level), and how this information is to be used in any data synthesis.

6–7, 10

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 9–10, 15–18
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2)

for each meta-analysis.
6

Risk of bias across
studies

22 Present results of any assessment of risk of bias across studies (see Item 15). 6,7,10

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 11 (available on
request)

Discussion
Summary of evidence 24 Summarise the main findings including the strength of evidence for each main outcome; consider their relevance to key

groups (e.g., healthcare providers, users, and policy makers).
10–13

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified
research, reporting bias).

12

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 12,13

Funding
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the

systematic review.
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