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Abstract

Aerobic training (AT) has been the primary mode of exercise training in cardiac rehabilitation. Historically, the reason for the
prescription of AT was that it was speculated that although RT may be beneficial for some clinical outcomes, it may have an
adverse effect on ventricular structure and function. However, RT has now made its way into current cardiac rehabilitation
guidelines, including those directed towards patients with HF, albeit differences exist across institutions and guidelines. A
systematic search of PubMed, EMBASE and Cochrane Trials Register on April 30, 2021, was conducted for exercise-based
rehabilitation trials in HF. Randomised and controlled trials that reported on resistance training versus usual care or trials
that directly compared RT to an AT intervention were included. Resistance training versus controls improves parameters
of lower (SMD 0.76 (95%CI 0.26, 1.25, p=0.003] and upper extremity muscle strength (SMD 0.85 (95%CI 0.35, 1.35),
p=0.0009], both key parameters of physical function throughout the lifespan. Importantly, RT in isolation, versus control,
improves VO2peak [MD: 2.64 ml/kg/min (95%CI 1.67, 3.60), p<0.00001] and 6MWD [MD: 49.94 m (95%CI 34.59, 65.29),
p<0.00001], without any detrimental effect on left ventricular parameters. Resistance training in HF patients is safe and
improves parameters of physical function and quality of life. Where people with HF are unable to, or are not inclined to,

partake in aerobic activity, RT alone is appropriate to elicit meaningful benefit.
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Introduction

Exercise training is now widely accepted as an important
adjunct therapy in heart failure (HF). While the underly-
ing mechanisms for improvements may differ between
heart failure reduced ejection fraction (HFrEF) and heart
failure preserved ejection fraction (HFpEF), exercise train-
ing in HF patients provides numerous benefits including
improvements in exercise capacity [1, 2], quality of life [1,
3], diastolic and autonomic function [4, 5], and endothe-
lial function [6]. Specifically, aerobic training (AT) which
has been the mainstay of cardiac rehabilitation programmes
improves VO2peak [7] and left ventricular ejection fraction
(LVEF) [8]. In heart failure, skeletal muscle abnormalities
(e.g. muscle atrophy, mitochondrial volume and fibre type)
exist irrespective of ejection fraction [9] and low skeletal
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muscle mass predicts outcomes [10, 11]. In individuals with
HEFrEF, in which reduced axial skeletal muscle mass occurs,
the loss of muscle is considered clinically significant [12].
In HFpEF, loss of lean body mass and decreased quality
of the skeletal muscle contribute to reductions in VO2peak
[13]. Sarcopenia, a loss of muscle mass and strength, often
leads to physical impairment and frailty and worsening of
HF. The recent REHAB-HF Trail [14] in older individu-
als with acute decompensated HF noted 97% of individuals
were frail or prefrail, and in addition to mobility and balance
issues, one third of individuals had severe leg weakness. As
resistance training (RT) is widely accepted as the most effec-
tive training method to increase muscle mass (hypertrophy),
and strength [15], for HF patients, this may be an important
strategy in the prevention of sarcopenia, maintenance, and
increase in the muscle [12] and in improving exercise toler-
ance [9, 13].

Muscular strengthening or RT exercise is endorsed in
physical activity guidelines and exercise recommendations
in adults [16-19], albeit only in the last two decades. Even
in the very elderly older adult, RT increases muscle strength
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and size [20]. Furthermore, RT is recommended across a
range of pre-clinical and clinical populations [21-23] due to
the wide-ranging health benefits derived. Resistance train-
ing improves cardiometabolic health and reduces CVD risk
[24], increases muscle mass and strength [25] leading to
improved mobility [26] and improves mental health [27], to
name a few of the many benefits. Furthermore, the benefits
of RT in some circumstances confer greater health benefits
than AT. Additionally, while AT is accepted as reducing
the risk of mortality across the general population, RT is
also associated with lower mortality, with Saedifard and col-
leagues (2019) [28] reporting that muscle strengthening was
independently associated with a 21% lower risk of all-cause
mortality.

In the cardiac patient, RT was once thought to be dan-
gerous due to the possibility that the high-pressure load
during lifting may lead to hemodynamic abnormalities and
unfavourable cardiac remodelling [29]. Aerobic training
was therefore the more favoured or safer mode for exercise-
based cardiac rehabilitation, in addition to being the type
of training most likely to confer improvements in aerobic
capacity. However, in a small 1995 study, McKelvie and
colleagues [30] compared the hemodynamic response to
cycling and RT in congestive heart failure secondary to
ischemic cardiomyopathy, finding that RT using a unilateral
leg press did not adversely affect left ventricular function.
Additionally, studies that have directly compared VO2peak
improvements in AT and RT have found improvements from
both modes of training [31, 32]. Resistance training was first
recommended in cardiac rehabilitation guidelines in 2000,
and these recommendations were cautious in the use of RT
[33]. However, over several decades, the evidence for the
safety and efficacy of RT in cardiac rehabilitation has grown.
In addition to AT, current cardiac rehabilitation guidelines
and position statements, including in individuals with HF
[34-37], provide recommendations for RT. The most recent
guidelines published by the American Physical Therapy
Association (APTA) on the management of HF advocate for
the inclusion of RT [35]. Specifically, the guideline provides
a strong recommendation for the inclusion of RT for stable
HEFrEF (classes I-III) [35].

Meta-analyses in 2016 [38] and 2017 [39] reported on
the isolated effects of RT, with improvements in VO2peak,
quality of life and lower body muscle strength. However, the
previous analyses differed (differences in study inclusion
and outcomes) limiting comparisons. Furthermore, only one
analysis [39] considered strength outcomes, and this was
limited to the lower body. Additionally, in the time since
these previous analyses were conducted, several new stud-
ies have emerged. Given the current recommendations and
guidelines for RT in HF, the aim of this review was to con-
sider the evidence that underpins current recommendations
and provide, where appropriate, an update to the evidence to
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further assist in clinical decision making. Clinical decisions
are made on the basis of the best available evidence at the
time, from various sources, all with careful consideration
as to the quality of the evidence. It is therefore important
to regularly update evidence available from research, par-
ticularly when the area or field of research does not have
a large body of data to consider. Furthermore, as there is
an increasing conversation around strength training in car-
diac rehabilitation [40] as well skeletal muscle differences
in the HF population [41], we therefore consider this work
timely. Specifically, in this review and analysis, unlike the
one previous analysis [39] to consider strength outcomes,
we analysed both upper and lower body muscular strength,
in addition to consideration of any potential adverse effects
on left ventricular function, which has previously been the
major concern for RT in this population.

Methods

This work was produced according to the Preferred Report-
ing Items for Systematic reviews and Meta-Analyses
(PRISMA) [42, 43].

Search strategy

Potential studies were identified by conducting systematic
searches of PubMed, EMBASE, CINHAL and the Cochrane
Library of Controlled Trials up until April 30, 2021. Search
terms included the following ‘chronic heart failure’, ‘heart
failure’, ‘heart failure preserved ejection fraction’, ‘heart
failure reduced ejection fraction’, ‘resistance’, ‘resistance
training’ and ‘strength training’. Additionally, systematic
reviews, meta-analyses and reference lists of papers were
hand-searched for additional studies. One reviewer (SF)
conducted the search, and full-text articles were assessed
for eligibility by two reviewers (SF and MJP). In the event
of disagreement as to inclusion, a third reviewer (NAS) was
consulted. A sample search strategy is presented in Supple-
mentary Files (Table S1).

Study selection
Study type and participants

Randomised controlled trials (RCTs) and controlled trials
(quasi and non-RCTs) of RT in HF patients 18 years or older
were included. Any diagnosis of heart failure, preserved,
moderately reduced and reduced ejection fraction was an
inclusion criterion. Studies assessing intervention effect on
acute or decompensated HF were excluded.
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Intervention To be included, studies must have included
one of the following: (i) a RT intervention vs. usual care
control or (ii) RT vs. AT. Resistance training is defined as
an exercise where the individual exerts an effort against an
external resistance or his or her body weight and includes
dynamic (isotonic) and isometric (static) RT. For this review,
only dynamic RT interventions were included. Resistance
training interventions could be prescribed using a range
of equipment (e.g. weight machines, free weights, resist-
ance bands) or no equipment (i.e. body weight). Resistance
training can be performed in various manners, and for this
review, RT could be in the form of a traditional RT pro-
gramme where the participant completes a predetermined
number of sets and repetitions or RT could be performed in
a circuit (e.g. circuit weight/resistance training). Both super-
vised and unsupervised facility and home-based interven-
tions were included. Only interventions of a minimum of a
2-week duration were included.

Studies were excluded if (i) interventions included res-
piratory/inspiratory muscle training as part of the RT, (ii)
RT was part of what was defined or described as a combined
intervention of RT and AT, (iii) participants had participated
within a formal exercise rehabilitation programme within the
last 6 months and (iv) participants were recovering from an
acute decompensation event that occurred within the previ-
ous 2 weeks. Additionally, abstracts were excluded.

Outcomes

Studies were eligible to be included in the review if they
reported on one or more of the following outcomes: aerobic
capacity: VO2peak or 6MWD; cardiovascular measures:
resting heart rate (RHR), peak heart rate (PHR), resting sys-
tolic blood pressure (SBP) resting diastolic blood pressure
(DBP); Echocardiographic parameters: left ventricular ejec-
tion fraction (LVEF), left ventricular end-diastolic volume
(LVEDV), left ventricular end-systolic volume (LVESV),
left ventricular end-diastolic diameter (LVEDD); and qual-
ity of life (QoL) and muscle strength and endurance. Muscle
strength, endurance and QoL could be measured using any
validated instrument.

Data extraction One reviewer (SF) extracted the data, which
was checked by a second reviewer (MJP), a third reviewer
resolved disputes (NS). For each study, the following infor-
mation was extracted: (1) author and year of publication, (2)
demographic and clinical characteristics, (3) intervention
characteristics, (4) outcome data (e.g. pre- and post-mean
and SD or change mean and SD, p values and/or 95%CI,
or range (IQRs) or range (min, max), and the main findings
for the specified outcomes), and (5) compliance and adverse
events.

Data synthesis For participant and intervention characteris-
tics, a narrative synthesis was conducted. For meta-analysis,
aggregate data was used in the statistical analyses which
were performed using Revman 5.4 (The Nordic Cochrane
Centre, Copenhagen, Denmark). Individual meta-analyses
were completed for continuous data by using the change
in the mean and standard deviation. Variance data reported
as standard error (SE) were converted to SD. Where the
change in the mean and SD was not reported, the change
in mean was calculated by subtracting the pre-intervention
mean from the post-intervention mean, and Revman 5.4
(The Nordic Cochrane Centre, Copenhagen, Denmark) ena-
bled calculations of SD using the number of participants in
each group and within-group p values or 95% CI. Where
exact p values or 95%Cls were not provided, the standard
deviation of the mean difference was calculated using the
formula: SD=square root [(SDpre-treatment)2 + (SDpost-
treatment)2 — (2r x SDpre-treatment x SDpost-treatment)],
assuming a correlation coefficient (r)=0.75 [44]. We also
conducted a sensitivity analysis using r=0.5 which is
considered a conservative estimate [45, 46] to determine
whether the overall results of the analyses were robust to the
use of imputed correlation coefficients. Where data was not
presented in text or tables and authors could not be reached,
data presented in figures were extracted where possible
using the software “WebPlotDigitizer’ [Version 4.4].

Data were pooled for meta-analysis when two or more
studies measured the same outcome and provided data in
a format suitable for pooling [47]. Where a study included
multiple intervention groups and a control group, if the inter-
vention groups were included in the same meta-analysis, data
was entered separately for each group and the sample size
of the control group was divided by the number of interven-
tion groups to eliminate over-inflation of the sample size. A
random-effects inverse variance was used with the measure
of the effects of mean difference (MD). We used a 5% level
of significance and a 95% CI to report the change in outcome
measures. For studies where the mean or SD of outcomes
were not reported, but median, interquartile range (IQR) or
median and range were reported, these were converted using
the formula of Wan [48]. Where heterogeneity was apparent
in a unit of measurements (e.g. combined QoL instruments or
muscle strength) data was presented as a standardised mean
difference (SMD). For SMD, effect sizes were categorised
according to Cohen’s interpretation, < 0.20 trivial, > 0.20
t0 <0.50 small, >0.50 to < 0.80 moderated and >0.80 large
[49].

Sensitivity analysis
To evaluate the influence of each study on the overall effect

size, a sensitivity analysis using the leave-one-out approach
was conducted. Additionally, where studies included more
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novel non-traditional RT protocols, sensitivity analyses were
conducted.

Heterogeneity and publication bias Heterogeneity was
quantified using the Higgins 12 test [45, 50], which provides
a measure of the degree of inconsistency with 0% <25%
low, 25% < 75% moderate and 75-100% high heterogeneity
[50, 51]. Visual inspection of funnel plots [45, 52] assessed
the risk of publication bias.

Study quality Study quality was assessed using the Tool for
the Assessment of Study Quality and Reporting in Exercise
(TESTEX) [53] by two authors (NAS and SF). In the case of
discrepancies, a third author (MJP) was consulted.

Results
Included studies

The initial search generated a total of 3472 articles. After
removal of duplicates and exclusion of articles based on
abstract and title, 1687 full-text articles remained for screen-
ing. Full screening resulted in 17 articles meeting the stated
inclusion criteria (Fig. 1 PRISMA statement). Details of
full-text articles reviewed but excluded are provided, with
reasons, in Supplementary Table S2.

Participant characteristics

Table 1 shows the characteristics of all studies included in
the review. Publication dates of included studies range from

Fig.1 PRISMA flow diagram
c
.g Records identified through Additional records identified
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Table 1 (continued)

&

Outcomes of interest

VO2peak, OMWT

8 weeks, 3 xa week,45 min RT per session

Intervention details

RT: 63 +9 years, 8 males, LVEF 30+9%,

Participant characteristics

RT: 16

Study design n

RCT

Tyni-Lenne et al. [68]

Study

Springer

Peak HR, resting HR

(60 min total including warm-up and cool

down)
RT Protocol: all the main muscle groups,

NYHA II-111
Con: 62+ 11 years, 5 males, LVEF

Con: 8

Resting SBP, peak SBP
QoL (MLWHFQ)

30+10%
NYHA: II-1II

with a resistance band, 2 X 25 reps, for

exercise for the arm, legs and trunk. Pace
was set at 70 bpm. RPE @ 13-16/20 Borg

Scale

maximum weight that can be lifted in one repetition; 6MWT 6-min walk test; AT aerobic training; BFRRE blood flow restricted resistance exercise;Con control;

CWT circuit weight training; DBPresting blood pressure; ESVend-systolic volume; HFpEF heartfailure with preserved ejection fraction; high-intensityPRT progressive resistance training; HRheart

1RM one repetitionmaximum

rate; IHG isometric handgrip training;LVEDD left ventricular end diastolic diameter;LVEDV left ventricular end diastolic volume;LVEF left ventricular ejection fraction;LVESD left ventricular

end systolic diameter;LVESYV left ventricular end systolic volume;MLWHQ Minnesota Living with HeartFailure Questionnaire; MVC maximumvoluntary contraction; MVIF maximalvoluntary

isometric force; NHPNottingham Health Profile; NR not reported;NYHA New York Heart Association; PHR peak heart rate; QLQ-HF Quality of Life Questionnaire -Heart Failure; RDBP rest-

ing diastolicblood pressure; QoL-MLWHF Quality ofLife-Minnesota Living with Heart Failure; RICremote ischemic conditioning; RHR restingheart rate; RPE Borg Rating ofPerceived Exertion

scale; RSBPresting systolic blood pressure; RT resistancetraining; SBP systolic blood pressure,7C Tai Chi; VO2peak maximum oxygen consumption. **Study ofLan 2020 and Maiorana 2011—

two publications relate to the same trial—data fromLan et al. was used for analysis of strength outcomes and additionalechocardiographic data not reported by Maiorana; all other relevant data

foroutcomes of interest was extracted from Maiorana

1992 to 2020. Seventeen [31, 32, 54-68] publications, corre-
sponding to 15 separate studies were included in the review.
Overall, 15 publications [31, 54-57, 59-68], relating to 13
studies compared RT to a control group, two [31, 55] of
these studies also included an AT group for comparison.
Two additional included studies [32, 58] only compared RT
to AT with no comparison to a control group. Data related
to one study [66] was retrieved from the associated thesis
and confirmed to published information. The publications of
Lan [60] and Maiorana [31] reported on the same trial, with
additional outcomes reported by Lan and colleagues. With a
greater number of strength outcomes reported by Lan, these
were used in the strength analyses, as were the additional
relevant echocardiographic data, and all other data for out-
comes of interest were based on the Maiorana publication.
A total of 347 participants were included in the compari-
son of RT to control; 193 participants were allocated to a
RT intervention, with 154 control participants. Total par-
ticipants included in the comparison of RT to AT interven-
tions was 101; 51 RT and 50 participants allocated to an AT
intervention. The mean age of participants from all included
studies was 62.22 years for RT, 62.23 years for controls and
62.18 years for AT. Most participants had HFrEF, with only
one study noting the inclusion of HFpEF participants based
on mean LVEF% or inclusion criteria.

Intervention details

The length of the given RT programmes varied from 3 to
20 weeks. The frequency of RT varied from one per week
to 5 times a week, ranging from 20 to 90 min per session.
Specific AT programmes varied from 6 to 12 weeks. The
frequency of AT varied from 2 to 3 times a week ranging
from 40 to 60 min per session. Detailed intervention charac-
teristics are included in Supplementary Table S3.

Outcomes

Tables 2 and 3 summarise the results of meta-analyses of all
outcomes of interest. Outcomes for each of the selected stud-
ies in the review are presented in Supplementary Table S4.

Resistance training versus control
Lower extremity (LE) strength and endurance

Four studies assessed the LE strength using a 1RM Leg
Press. A total of 39 participants in the intervention group
and 32 participants in the control group were included in
the analysis of IRM of leg press. Resistance training signifi-
cantly improved 1RM leg press [SMD: 0.76 (95% CI 0.26,
1.25), p=0.003] compared with usual care (Fig. 2a). Knee
extensor strength was analysed using RM Leg Extension in
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Table2 Summary of meta-analyses—strength and endurance

Outcome No. studies in Participants SMD (95%C1I), p value, 12
MA (RT/C)
Resistance training vs. control
Lower body strength
Leg strength—1RM (leg press) 4 39/32 0.76 (0.26, 1.25), p=0.003, 12=0%
Knee extensors—RM (leg extension) 4 40/38 1.41(0.57,2.25), p=0.001, 12=60%
Knee flexors—RM (leg curl) 2 19/17 1.16 (=0.12, 2.43), p=0.08, 12=57%
Isokinetic peak torque (knee extensors 60°/s Nm) 3 42/44 0.42 (-0.01, 0.85), p=0.05,12=0%
Isokinetic peak torque (knee extensors 180°/s Nm) 2 27127 0.37 (-0.17,0.91). p=0.18,12=0%
Maximal isometric strength (knee extensors) 3 32/31 0.74 (-0.10, 1.58), p=0.08 * (R), 12=60%
0.90 (-0.07, 1.87), p=0.07 * (L), 12=68%
Lower body endurance
Isometric endurance (knee extensors) 2 20/20 0.07 (—0.55, 0.69), p=0.82 * (R), 2=0%
0.17 (-0.46, 0.79), p=0.60 * (L), 12=0%
Isokinetic endurance (knee extensors) 3 42/44 0.60 (—0.10,01.31), p=0.09, 12=61%
Upper body strength
1 RM upper body (pectoralis) 39/32 0.85 (0.35, 1.35), p=0.0009, 12=0%
1 RM lateral pulldown (latissimus dorsi) 20/19 0.84 (0.17,1.51), p=0.01,12=0%
Combined muscle strength 3 38/36 0.83 (0.34, 1.31), p=0.0008, 12=0%

1RM one repetition maximum = maximum weight that can be lifted in onerepetition. *(R) and (L): right and left leg data from Sadek et al.

(2018)

four studies significantly improved from RT when compared
to control groups (SMD: 1.41 (95%C10.57, 2.25), p<0.001,
while no statistically significant improvement was found for
knee flexor strength was analysed using RM Leg Curl in two
studies (Supplementary Figures SF1-2). Strength measured
via isokinetic peak torque of knee extensors at 60°/s Nm
(three studies) and at 180°/s Nm (two studies) both demon-
strated a trend towards improvement; however, neither result
was statistically significant [SMD 0.42 (95%CI-0.01, 0.85,
p=0.05; SMD 0.37 (95%CI—-0.17, 0.91), p=0.18, respec-
tively] (Supplementary Figures SF3-4). No statistically sig-
nificant improvements were found for maximal isometric
strength, isometric endurance or isokinetic endurance of
knee extensors (Supplementary Figures SF5(a) — 7(b)).

Upper extremity (UE) strength and endurance

Four studies were pooled for analysis of upper body strength
assessed using a IRM for the pectoralis muscles. For analy-
sis of pectoralis strength, three studies used a variation of a
bench/chest press, while one study assessed 1RM of strength
on a pectoral deck machine and an incline press machine.
Analysis using the data from the peck deck for one study
demonstrated that compared to controls RT significantly
improved 1RM strength of the pectoralis muscles; SMD
0.85 (95% CI 0.35, 1.35), p=0.0009 (Fig. 2b). Substitu-
tion of the pectoral deck data for the incline press data did
not change the result to a large extent (Supplementary Figure
SF8). Results from two studies indicated a statistically

significant improvement in 1RM Lateral pulldown (back
muscle strength) (Supplementary Fig. SF9).

Combined strength and endurance

Three studies provided data for combined muscle group
strength. Analyses indicated a statistically significant
improvement in isotonic and isokinetic strength [SMD 0.83
(95%C10.34, 1.31), p=0.0008] (Supplementary Fig. SF10).

Aerobic/functional capacity

Eight studies, six RCTs and 2 quasi/non-RCTs assessed
aerobic capacity using VO2peak. Resistance training sig-
nificantly improved VO2peak compared to the control
groups; MD 2.64 ml.kg — 1.min—1(95% CI 1.67, 3.60)
(p<0.00001) (Fig. 3a). Removal of one study, with abnor-
mal SDs did not impact the result [MD 2.64 (95%CI 1.63,
3.65,), p<0.00001]. Removal of one study that included
what could be considered a small amount of aerobic modali-
ties of training in the circuit weight training (outside the
warm-up and cool-down) resulted in a small reduction in
the level of VO2peak improvement; however, it remained
statistically significant [MD 2.49 ml/kg/min (95%CI 1.37,
3.60,), p<0.0001]. Six studies assessed functional capacity
with the 6BMWT. Analysis revealed a statistically significant
mean improvement in distance walked; MD 49.94 m (95%CI
34.59, 65.29) (p <0.00001) (Fig. 3b). The result remained
statistically significant with sensitivity analysis to remove

@ Springer
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Table 3 Summary of meta-
analyses—functional capacity,
QoL, echocardiographic and

Outcome
in MA

No. studies

Participants MD (or SMD) (95%CI), p value, 12
(RT/C)

cardiovascular outcomes Resistance training vs. control

VO2peak (ml/kg/min) 8
6MWT (metres)

QoL

LVEF%

LVEDV (ml)

LVESV (ml)

LVEDD (mm)
LVESD (mm)

Peak HR (bpm)
Resting HR (bpm)
Resting SBP (mmHg)
Resting DBP (mmHg) 2

A L LW W R B O WV

100/93 2.64 (1.67, 3.60), p<0.00001, 12=27%
76/64 49.94 (34.59, 65.29), p<0.00001, I2=0%
59/49 SMD: —-8.25 (-11.51,—-4.99), p<0.00001, I12=0%
62/55 2.75(0.90, 4.59), p=0.004, 12=0%
45/41 —5.28 (—19.64,9.08), p=0.47,12=0%
45/41 —6.64 (—15.88, 2.60), p=0.16, 12=0%
28/27 0.81 (—2.20, 3.82), p=0.60, 2=0%
28/27 —1.31(—4.28,1.67), p=0.39, 12=0%
59/53 2.62 (—3.86, 9.09), p=0.43, 12=0%
62/51 —4.03 (-7.52,0.54), p=0.02, 12=0%
48/38 3.21(-2.81,9.23), p=0.30, 2=0%
20/19 2.63 (-2.41,7.67),p=031,12=0%

Resistance training vs. aerobic training

VO2peak

QoL 2
LVEF% 3
LVEDV (ml) 2
LVESV (ml) 2
Resting HR (bpm) 3
Peak HR (bpm) 3
Resting SBP (mmHg) 3
Resting DBP (mmHg) 3

49/52 0.26 (-0.90, 1.42), p=0.66, 12=0%

27/29 SMD: 0.36 (—4.72, 5.45), p=0.89, 12=0%
39/41 —2.10(—4.91,0.72), p=0.14, 12=0%
277127 2.15(-20.22,24.52), p=0.85,12=0%
277127 —3.61 (—25.40, 18.17), p=0.75,12=0%
34/37 0.43 (-3.41,4.27),p=0.83,12=1%

34/37 0.41 (=7.55,8.37),p=0.92, 12=0%

34/37 —1.58 (—6.99, 3.83), p=0.57, 12=0%
34/37 —2.29 (-6.02, 1.44), p=0.23,12=6%

6MWT 6-min walk test, DBP diastolicblood pressure, HR heart rate, LVEDD left ventricular end diastolic
diameter,LVEDV left ventricular end diastolic volume,LVEF left ventricular ejection fraction,LVESD left
ventricular end systolic diameter,LVESV left ventricular end systolic volume,Peak HR peak heart rate, Rest-
ing DBP diastolic blood pressuremeasured at rest, Resting SBPsystolic blood pressure measured at rest,
RHRresting heart rate, RM repetition maximum,SBP systolic blood pressure, QoL quality of life, VO2peak
maximum oxygen uptake duringpeak exercise

Groennebaek [56] study that utilised the novel BFRRE pro-
tocol: MD 54.40 m (95%CI 36.17, 7.64) (p <0.00001).

Quality of life

Six studies assessed QoL. Pooling of data available from
five studies that used the Minnesota Living with Heart Fail-
ure Questionnaire (MLWHFQ); three RCTs and two quasi/
non-RCTs demonstrated significant improvements in QoL
in favour of RT; MD —8.25 (95% CI—-11.51,-4.99), p<0.
00,001 (Fig. 4). The result remained statistically signifi-
cant with sensitivity analysis to remove Groennebaek [56]
study that utilised the novel BFRRE protocol: MD —9.5
(95%CI— 14.60,—4.39) (p=0.003).

Echocardiographic parameters
LVEF% was assessed in seven trials; however, data was only

suitable for pooling from six studies. Pooled data indicated
a statistically significant improvement in LVEF% from RT

@ Springer

compared to control; MD 2.75 (95%CI1 0.90, 4.59), p=0.004
(Supplementary Fig. SF11). Leave one out sensitivity analy-
sis did not change the significance of the result. However,
removal of the study by Sadek et al. 2018, did increase
the p value, but the result remained statistically signifi-
cant [MD 2.61 (95%CI 0.07, 5.15), p=0.04]. No statisti-
cally significant improvement was noted as a result of the
four studies pooled for analysis of LVEDV [MD —5.28 ml
(95%CI—19.64, 9.08), p=0.47] and LVESV [MD —6.64 ml
(95%CI—15.88, 2.60), p=0.16] or from the three studies
pooled for analysis of LVEDD [MD 0.81 mm (95%CI—2.20,
3.82), p=0.60] and LVESD [MD — 1.31 mm (95%CI —4.28,
1.67), p=0.39] (Supplementary Figures SF11-15).

Cardiovascular parameters

Compared to the control groups, a statistically significant
reduction in RHR was observed from the pooled data of
five studies; MD —4.03 bpm (95%CI—7.52, 0.54), p=0.02].
Analysis of five studies showed no significant change in PHR
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Resistanc Training Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 85% CI IV, Random, 95% CI
1.1.1RCTs
Lan 2020 97 2041 12 3.8 24438 12 383% 0.25 [-0.55, 1.06]
Falevo 20049 12 11 10 3 949 6 220% 0.80 [-0.26, 1.86] T
Fu 2001 355 34214 9 -22 247 7oo208% 1.17[0.08, 2.26] =
Subtotal {95% CI) 3 25 B1.1% 0.64 [0.08, 1.19] L 2
Heterogeneity: Tau®= 0.00; Chi*=1.87, df=2 {P=0.39); F= 0%
Test for overall effect: 2= 2.26 (F=0.02)
1.1.2 Quasi/Non-RCTs
Levinger 2005a 181 11.44 g 42 881 7T O18.9% 1.27[012, 2.41] =
Subtotal (95% CI) 8 7 18.9% 1.27[0.12, 2.41] L
Heterogeneity: Mot applicahle
Testfor overall effect Z=217 (P=0.03)
Total (95% CI) 39 32 100.0% 0.76 [0.26, 1.25] L 2
Heterogeneity: Tau®= 0.00; Chi*= 2.82, df=3 (P=0.42); F= 0% 5_1 0 _% 5 é 1U=
Test for overall 9ffecfr: Z=288(F f 0.003) Favours [Control] Favours [RT]
Testfor subaroup differences: Chi*=0.95, df=1{P=0.33), F=0%
a - Change in 1RM Strength - Leg Press (SMD) - RT vs. Control
Resistance Training Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.21 RCTs
Lan 2020 75 1262 12 14 713 12 37.2% 0.57 [-0.25,1.39]
Palevo 2009 7 9.95 10 0 11.47 6 23.0% 0.63 [0.41,1.67]
Pu 2001 32 21.94 ] -1 2299 To185% 1.39[0.26, 2.53]
Subtotal (95% CI) 3 25 T79.7% 0.79 [0.23, 1.35]
Heterogeneity: Tau®=0.00; Chi®*=1.44, df=2 (P =0.49), F=0%
Test for overall effect: £2=2.77 (P = 0.006)
1.2.2 Quasi/Non-RCTs
Levinger 2005a 10.8 8.37 8 06 958 T 203% 1.07 [-0.04, 2.18] =
Subtotal (95% CI) 8 7  20.3% 1.07 [-0.04, 2.18] »
Heterogeneity: Mot applicable
Test for averall effect: Z=1.90 (P = 0.06)
Total (95% Cl) 39 32 100.0% 0.85 [0.35, 1.35] L
Heterogeneity: Tau®= 0.00; Chi*= 1.64, df= 3 (P = 0.65); = 0% e i 3 1 20

Test for overall effect: £2= 3.32 (P = 0.0009)
Test for subgroup differences: Chi®=0.20, df=1 (P = 0.66), F=0%

Favours [Control] Favours [RT]

b - Change in 1RM Strength - Pectoralis (SMD) - RT vs. Control

(*pec deck data from Lan 2020 Study)

Fig.2 Change in 1RM strength—lower body (leg press) and upper body (pectoralis)—RT vs. control

from RT [MD 2.62 bpm (95%CI —3.86, 9.09), p=0.43].
Neither resting SBP (four studies) [MD 3.21 mmHg
(95%CI1-2.81, 9.23), p=0.30] or resting DBP (two stud-
ies) [MD 2.63 mmHg (95%CI—2.41, 7.67), p=0.31] signifi-
cantly improved in RT compared to controls (Supplementary
Figures SF16-19).

Resistance training vs aerobic training

Only four studies (five publications) included in the review
directly compared the RT group to the AT group.

Muscular strength and endurance

Only two of the four studies assessed the strength, and due
to differences in strength testing and limited testing of the

muscle groups in one study, data were not pooled for analy-
sis. Feiereisen et al. (2007) [55] found isokinetic strength @
60°/s Nm and @ 180°/s Nm improved with RT but not AT,
while Lan et al. (2020) [60] reported a significant increase in
1RM strength for all muscle groups except the biceps from
RT, with AT only improving strength in the left hip flexion
and hamstring strength. Additionally, Feiereisen et al. (2007)
[55] found knee extension endurance was improved with
both RT (p<0.0015) and AT (p=0.0007).

Aerobic/functional capacity
Four studies assessed aerobic capacity using VO2peak. No
statistically significant difference was observed between RT

and AT; [MD 0.26 mlL.kg — 1.min—1 (95%CI—0.90, 1.42),
p=0.66]. (Supplementary Figure SF20).

@ Springer
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Resistance Training Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1RCTs
Cider 1987 0.2 2365 12 1.3 1508 12 04% 1101697 14.77]
Grosse 2001 1.8 237 14 -041 282 13 155% 1.80[-0.12, 3.92] ™
Maiorana 2011 2.7 284 12 -1 3.0 12 12.5% 3.70[1.36, 6.04] I
Pu 2001 -0.38 326 9 035 1.99 7T 108% -0.73[F3.32,1.86] T
Selig 2004 1.6 265 14 1.8 3481 19 146% 3.401[1.30, 5.50] —
Tyni-Lenné 2001 11 301 16 -1.6 2.65 8 124% 2.70[0.34, 5.086] —
Subtotal (95% CI) 77 71 66.3% 2.25[0.91, 3.60] &
Heterogeneity: Tau®=1.03; Chi*=8.12, df =58 (P=0.158), F= 38%
Test for averall effect: 2= 3.28 (P =0.001)
1.3.2 Quasi and Non-RCTs
Feiereisen 2007 26 27251 15 -06 2206 15 18.3% 3.201[1.43,4.97] —
Levinger 2005a 33 1726 8 -0.2 22008 T 154% 3.501[1.48, 552 —
Subtotal (95% CI) 23 22 33.7% 3.33 [2.00, 4.66] . 2
Heterogeneity: Tau®=0.00; Chi*=0.05, df=1 {P=0.83), F=0%
Test for overall effect: £=4.89 (P = 0.00001)
Total (95% CI) 100 93 100.0% 2.64 [1.67, 3.60] [ 2
Heterogeneity, Tau®= 0.51; Chi*=9.59, df= 7 (P =0.21); F= 27% F } t {
. -20 -10 1] 10 20
Test for overall effect: 2= 5.34 (P = 0.00001) Favours [Control] Favours [RT]
Test for subgroup differences: Chi*=1.24, df=1 (P=0.27), F=19.4%
a - Change in VOzpeak (Ml/kg/min) resistance training vs. control.
Resistance Training Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Groennehaek 2019 3549 3453 11 -3.2 0 3494 12 28.2% 39101069, 67.51] ——
Palevo 2009 17 9434 10 -7 5003 6 47% 34.00[36.86,104.86] —
Fu 2001 49 42 ] -3 8027 7TOo11.0% 52.00[5.74, 958.26] e —
Redwine 2019 21.3 13542 22 -6248 11982 23 42%  83.78[B.95 158.61)
Sadek 2018 548 3684 8 1.9 4343 8 181%  52.90[13.44, 92.36] ——
Tyni-Lenné 2001 85 4374 16 o 2035 8 358%  55.00([29.34, 80.66] ——
Total (95% CI) 76 64 100.0%  49.94 [34.59, 65.29] <&
Heterogeneity: Tau®= 0.00; Chi®=1.72, df= 5 (P = 0.89); F= 0% f t t {
Testfor overall effect Z= 6.38 (P = 0.00001) -200 FaV'OLDrg [Control] UFavourS [;{%U 200

b - Change in 6MWD (m) resistance training vs. control.

Fig.3 Change in functional capacity—RT vs. control

Quality of life

Two studies assessed QoL using the validated MLWHFQ,
with no statistically significant difference between RT and
AT; [MD 0.36 (95% CI—4.72, 5.45), p=0.89] (Supple-
mentary Figures SF21).

Echocardiographic parameters

Three studies assessed LVEF%, with two of the three also
assessing LVEDV and LVESV. No statistically signifi-
cant difference was found between RT and AT [LVEF%
MD -2.10% (95%CI1-4.91, 0.72), p=0.14; LVEDV [MD
2.15 ml (95%CI - 20.22, 24.52), p=0.85] and LVESV
[MD —3.61 ml (95%CI —25.40, 18.17), p=0.75] (Sup-
plementary Figures SF21-24).

@ Springer

Cardiovascular parameters

Analysis of three studies for PHR [MD 0.41 bpm
(95%C1—-1.55, 8.37), p=0.92], RHR [MD 0.43 bpm
(95%CI1—-3.41, 4.27), p=0.83], SBP [MD — 1.58 mmHg
(95%CI—-6.99, 3.83), p=0.57], and DBP [MD —2.29 mmHg
(95%CI1-6.02, 1.44), p=0.23] indicated no statistically
significant difference between RT and AT (Supplementary
Figures SF25-28).

Adverse events

Three of the included studies did not report any informa-
tion on adverse events. Of the studies reporting on events,
minimal adverse events occurred (Supplementary Table S5).
There were no reported serious events related to exercise
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Fig.4 Change in QoL (MLWHFQ)—RT vs. control

training, confirming the safety of RT exercise sessions in
the HF population.

Study quality, heterogeneity and publication bias

A median TESTEX score of 11 out of 15 was obtained
(range 8—12) (Supplementary Table S6). Notably one study,
Feiereisen et al. (2007) [55] was a quasi-randomised con-
trolled trial and the study of Levinger et al. (2005) [61,
62] was a controlled but nonrandomised trial. Notwithstand-
ing the inclusion of these two trials, the areas that were fre-
quently lacking in RCTs included allocation concealment,
intention to treat analysis and activity monitoring of non-
exercise control groups. Heterogeneity was assessed using
12, and all meta-analyses indicated a low level of heteroge-
neity except for muscle endurance of knee extensors which
demonstrated a moderate level of heterogeneity (Table 2).
Funnel plots demonstrated minimal evidence of publication
bias (Supplementary File 2).

Discussion

The main finding of our analysis demonstrated that RT
results in statistically significant improvements in measures
of aerobic (peak VO2) and functional capacity (6MWD) in
comparison to a control group, with no detriment to cardiac
structure and function. Additionally, as one would intuitively
expect from RT, pooled analyses demonstrated improved
lower and upper body strength. Furthermore, from a more
global perspective of wellbeing and function, health-related
quality of life improved significantly after RT. Importantly,

our analysis also indicated no major differences between
RT and AT in aerobic/functional capacity and cardiac struc-
ture and function when these are directly compared in trials.
Our analysis of aerobic capacity and QoL supports previous
results for some outcomes [38, 39], notably; however, study
inclusion across the previous reviews varies, and impor-
tantly, we have considered this closely when determining
the inclusion criteria for RT studies.

Resistance training

While aerobic or endurance training has been the most uti-
lised mode of exercise in HF patients, results of this current
analysis demonstrate that RT produces improvements in aero-
bic and functional capacity. This is an important result given
that cardiorespiratory fitness is linked to HF prognosis [38].
Our results support two previous meta-analyses for improve-
ments in VO2peak and 6MWD [38, 39]. A prior concern
for cardiac populations has been that RT may cause adverse
cardiac remodelling due to the high afterload with lifting.
Our results suggest a slightly improved LVEF%, hence no
unfavourable remodelling from RT.

Importantly RT is the best method for improving lean
muscle mass and the development of, or increase in mus-
cular strength, endurance and power. Given that minimal
levels of muscular strength, endurance and power are neces-
sary for one to maintain functional independence throughout
the lifespan, RT is the most effective mode for improving
these parameters. Our analysis demonstrated improvements
in both lower and upper body strength. The large improve-
ment in 1RM leg press from our analysis is higher than
that reported by a previous analysis [39]. Our analysis also
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addressed upper body strength, not reported in the previ-
ous review, demonstrating a significant improvement in
IRM strength of the pectoralis muscles. While lower body
strength is undoubtedly important for mobility and func-
tion, upper body strength also affects a range of ADLs, e.g.
lifting objects, including lifting, or pulling oneself up from
the ground in the instance of a fall, not an uncommon event
in older adults and individuals with chronic conditions and
physical impairments. Strength is necessary for performance
of ADLs, and HF patients have reduced ability in these func-
tions [69]. Savage and colleagues (2011) [69] in a small
trial found that the performance of ADLs was 30% lower in
HF patients compared to age-matched non-HF controls, and
this decrement was related to both reduced aerobic capacity
and muscle strength. Recent evidence also indicates that in
HFrEF knee extensor power is an independent predictor of
rehospitalisation [70]. Furthermore, decreases in strength,
endurance and power lead to reduced mobility and participa-
tion in life situations (e.g. recreation, community involve-
ment) and therefore have an impact on an individual’s QoL.
Importantly, our analysis also demonstrated a significant
improvement in QoL, with a greater improvement in the
MLWHFQ after RT, in line with previous reported reduc-
tions for exercise training in general (not mode specific)
from the 2019 Cochrane Review [3] and from a 2019 IPD
meta-analysis [71].

Resistance training intervention characteristics

We only included studies that utilised dynamic RT. A
range of dynamic RT protocols was utilised throughout
the included studies. Intensity/load varied across studies,
starting at 25%1RM moving through to 80-90%1RM at the
end of one trial, which currently reflects the broad range
of intensity prescriptions throughout RT training guidelines
in cardiac and HF patients [35, 36, 72]. With one of the
key aims of RT being to increase muscle mass and strength,
intensity prescriptions need to reflect the load necessary for
these gains, with higher intensity RT suggested as leading to
greater improvements than lower loads (intensity), although
low loads can improve strength [15]. Interestingly, the initial
reason for caution for RT in cardiac and HF populations
was due to the concern over the increased pressure-load and
subsequently altered hemodynamics associated with lifting,
which was speculated would be greater with higher loads/
intensities. However, Hansen et al. [40] recently noted from
a review of healthy and CVD studies that higher intensity
RT resulted in fewer increments in intra-arterial blood pres-
sure and cardiac output, likely due to the fact that with a
higher intensity load, the duration of the session is shorter
and may reduce the overall response compared to a longer
lower intensity RT sessions [40]; however, this has not been
tested in the HF population to date. Interestingly, one study,
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included in our review, by Groennebaek and colleagues
(2019) [56] employed dynamic low load RT with the addi-
tion of blood flow restriction (BFRRE), a relatively new RT
protocol utilised in both healthy and clinical populations
to promote muscle hypertrophy and strength. The use of
BFRRE in clinical populations may be beneficial to promote
muscle function where an individual is unable to tolerate RT
training loads at an intensity generally considered necessary
to elicit desired improvements [56]. Similar to the improve-
ments in muscular strength demonstrated by Groennebaek
et al.,[56] in HF patients, improvements in muscle strength
using low load BFRRE have been seen in CAD patients
[73]. However, even though studies in clinical populations,
including HF [56] and CAD [73], have shown no adverse
cardiovascular effects to BFRRE, more longitudinal research
is required to confirm the safety of BFRRE in clinical popu-
lations [74].

As only dynamic RT interventions were included in our
analysis, we did not include another emerging mode of RT,
isometric handgrip training (IHG). Recently isometric resist-
ance training (IRT), particularly IHG, has emerged as a ben-
eficial training modality in patients with chronic conditions.
In HF patients, only one RCT [47] to date has employed
IRT. Gao and colleagues [80] used IHG training five times a
week for 12 weeks in 15 patients with HF with significant
improvements in QoL and vascular endothelial growth fac-
tor (VEGF). In healthy and some clinical populations, IRT
demonstrates improvements in blood pressure [75, 76] and
is now recommended as an exercise training modality in the
treatment of hypertension [22]. Given the paucity of BFRRE
and IHG studies in HF patients, whether these types of RT
are appropriate for incorporation into RT exercise guide-
lines for HF patients at this time requires more research.
However, given the reasons as to why these RT protocols
may be appropriate in this population, it is an important area
for further consideration, e.g. ease of use for IHG and with
BFRRE allowing individuals who cannot train with higher
loads to elicit improvements using loads traditionally not
considered appropriate for improvements.

Resistance training versus aerobic training

Our analysis of studies that directly compared AT to RT
highlights no significant difference between RT and AT for
outcomes of interest. This is an important finding, as, for
numerous reasons, AT may not be a feasible or a preferred
training modality for some patients. It must be acknowl-
edged that only four RCTs to date have directly compared
an AT intervention to a RT intervention. While our analysis
demonstrated no significant differences between AT and RT
for any of the selected outcomes, only a small number of
studies could be pooled for analyses of outcomes, and sam-
ple sizes were small, which is a limitation. In our analysis of
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trials directly comparing AT to RT, we found not statistically
significant difference between AT and RT in terms of CRF
measured via VO2peak; however, only four studies have
directly compared AT to RT. Similarly, a meta-analysis of
progressive resistance training (PRT) in coronary heart dis-
ease patients found comparable improvements in VO2peak
from PRT and AT [77]. Importantly though, the pooled data
failed to indicate any major difference between both modali-
ties in relation to cardiac function and left ventricular remod-
elling. It must be noted however that the study by Lan and
colleagues (2020) [60] assessed many echocardiographic
parameters, both left and right heart function, that were not
considered in our meta-analysis, as to our knowledge, it is
the only study to date to provide data on the majority of
these parameters. However, in contrast to our pooled find-
ings indicating no significant difference in LVEF% when
comparing RT to AT, Lan et al. (2020) [60] found significant
improvement in LVEF% from RT and not AT. Interestingly,
Lan and colleagues found that while RT was not associated
with adverse changes in cardiac structure in patients with
HFrEF, AT was associated with a deterioration in diastolic
function, specifically E/e’, and AT resulted in some adverse
ventricular remodelling. This adverse remodelling from
AT in their study is inconsistent with previous studies and
analyses indicating AT reverses LV remodelling, with no
benefit of combined AT and RT [78]. Lan’s work also con-
flicts with other findings that moderate intensity continu-
ous AT attenuates LV remodelling, with no changes from
RT alone or combined training in LVEF [8]. In their study
Lan and colleagues, do note however, that the reduction in
diastolic function and indicators of adverse remodelling
they observed are likely to be multifactorial, including pos-
sible differences in baseline characteristics, e.g. HF severity,
medications and RT intervention characteristics compared
to other trials [60].

Strength and limitations

Our review included more trials than all previous reviews.
Furthermore, only one other analysis of RT alone, to our
knowledge, has considered muscular strength improvements
from RT in HF patients [39], and only reported on changes
in lower body strength. Our analysis reported on a wider
range of strength outcomes including upper body strength
in addition to considering the effect of RT on endurance. As
previously noted, unfortunately, the number of RCTs that
consider RT in isolation is limited when compared to AT or
combined AT and RT in the HF population. Given the small
number of RCTs, we included quasi-RCTs and controlled
studies in this review. We did, however, conduct sensitivity
analysis removing these trials. Most of the studies included
in the review only included HFrEF patients, with only one
study noting the inclusion of HFpEEF participants (~45% of

included participants); therefore, generalisability of these
results across HF phenotypes is not possible. Addition-
ally, most included participants were male. As noted in our
methods, where change SDs were not provided, these were
imputed; however, we ran sensitivity analyses to confirm
robustness of our imputations.

Resistance training recommendations in heart
failure and future research

Despite the fact RT is currently a recommended component
of cardiac rehabilitation, the heterogeneity in published RT
interventions and the low number of studies make it difficult
to ascertain the optimal RT prescription. Current guidelines
and position statements outline RT prescription in the HF
population, but given the minimal number of RT studies
compared to AT or combined training in HF patients, it
would be prudent for researchers to now test these recom-
mendations and validate the benefits, in a manner similar to
what has occurred in other clinical populations [79]. Future
research should also look to identify whether different RT
prescriptions/protocols may be more effective in HFrEF,
HFmrEF, HFpEF and HF subphenotypes, e.g. obese, sar-
copenia and cachexia. Additionally, more long-terms trials
are needed in this area to take into consideration that initial
changes in the strength from RT are a result of neural adap-
tations [19]. Longer trials over extended time periods are
needed to move past these initial neural adaptations to exam-
ine the muscular adaptations such as increases in muscle
fibres and size that may lead to additional or greater changes
in functional parameters. We believe the importance of RT
in HF cannot be underestimated; given that skeletal muscle
abnormalities in HF are related to reduced exercise capacity,
a minimal amount of the muscle strength is required
to perform ADLs, in addition to the fact that the level of
dyspnoea, fatigue, physical impairments and comorbidities
in some patients may make some modes and protocols of AT
an unviable or unfavourable option. It is therefore essential
for health clinicians, particularly exercise professionals, to
clearly understand the safety, feasibility and benefits of RT
in HF patients, to appropriately provide and increase confi-
dence in the prescription of RT to patients.

Conclusion

First and foremost, with no evidence of adverse effects on
left ventricular structure and function, RT appears to have
been safely used in HF patients. RT is clearly the most
effective mode of exercise to improve muscular strength.
Given the functional consequences of HF, including skel-
etal myopathy and the cycle of associated sequelae, such as
muscle weakness and frailty that can ensue in HF patients,
inclusion of RT is necessary to address these deficiencies.
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Furthermore, given the ability of RT to improve exercise
and functional parameters, the exercise clinician should be
confident to prescribe RT where AT is deemed inappropri-
ate or unviable, whether from an impairment or functional
perspective or due to client preference. After all, the benefits
of any exercise training will only occur if the client adopts
and adheres to the programme; therefore, as clinicians, addi-
tional exercise options can only be advantageous.
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