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Background: Resistance training has demonstrated efficacy in cardiac rehabilitation programs, but the optimal
prescription of resistance training is unknown. This systematic review with meta-analysis compared the effec-
tiveness of cardiac rehabilitation consisting of resistance training either alone (RT) or in combination with aero-
bic training (CT) with aerobic training only (AT) on outcomes of physical function. Further, resistance training
intensity and intervention duration were examined to identify if these factors moderate efficacy.
Methods: Six electronic databases were searched to identify studies investigating RT, coronary heart disease and
physical function. The overall quality of evidence was assessed using the GRADE approach. Meta-analyses were
performed when possible and qualitative analysis was performed for the remaining data.
Results: Improvements in peak oxygen uptake (WMD: 0.61, 95% CI: 0.20–1.10), peak work capacity (SMD: 0.38,
95% CI: 0.11–0.64) and muscular strength (SMD: 0.65, 95% CI: 0.43–0.87) significantly favoured CT over AT with
moderate quality evidence. There was no evidence of a difference in effect when comparing RT and AT. Shorter
duration CT was superior to shorter duration AT for improving peak oxygen uptake and muscular strength
(low quality evidence) while longer duration CT was only superior to longer duration AT in improving muscular
strength (moderate quality evidence).
Conclusions: CT is more beneficial than AT alone for improving physical function. Although preliminary findings
are promising,more high-quality evidence is required to determine the efficacy of high intensity resistance train-
ing. Shorter duration interventions that include resistance trainingmight allow patients to return to their normal
activities of daily living earlier.

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

Coronary heart disease (CHD) is a major cause of death and disabil-
ity. In 2012, CHD was responsible for approximately 7.4 million deaths
worldwide [1]. Cardiac rehabilitation is accepted as an essential compo-
nent in the management of individuals with CHD and attending cardiac
rehabilitation reduces the risk of all-cause mortality, cardiac mortality
and re-infarction [2]. In addition, enhancing an individual's ability to re-
turn to activities of daily living (ADL), including domestic, occupational
and recreational activities, has been identified as an important goal of
cardiac rehabilitation to allow successful integration back into society
95% confidence interval; ADL,
D, coronary heart disease; CT,
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[3–5]. Enhanced physical function in CHD patients, via increases in car-
diorespiratory fitness andmuscular strength, is required to improve the
performance of ADL [6–8]. Consequently, it is important that cardiac re-
habilitation programs foster improvements in both cardiorespiratory
fitness and muscular strength. Furthermore, diminished levels of car-
diorespiratory fitness and muscular strength have been associated
with an increased risk of mortality [9,10].

Cardiac rehabilitation programs have traditionally been based on
aerobic exercises, with resistance exercises only playing a subsidiary
role [11]. While purposeful resistance exercises were originally as-
sumed to be dangerous due to rapid increases in heart rate (HR) and ar-
terial blood pressure [12], it has since been shown that resistance
exercises can be safely performed in cardiac rehabilitation up to 90%
of 1 repetition maximum (1RM) [13–15]. A previous meta-analysis re-
ported that combining resistance and aerobic training significantly en-
hanced peak work capacity and muscular strength when compared to
aerobic training [16]. Another meta-analysis by Yamamoto et al. [17]
compared resistance training interventions (either alone or combina-
tion with aerobic training) to usual care or aerobic training alone in pa-
tients with CHD. Although these authors reported that resistance
training/combined training enhanced peak oxygen uptake and muscu-
lar strength [17], intensity and duration were identified as moderating
ing in the rehabilitation of coronary heart disease: A systematic review
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factors that require future research [17]. Therefore, the dose of resis-
tance training in cardiac rehabilitation including intensity and duration
of the resistance component has not been systematically investigated
and remains unknown.

The continual progression of purposeful resistance training, through
alterations in frequency, time and intensity, can induce substantial im-
provements inmuscular strength [18], which can lead to improvements
in ADL [19] and decreased mortality risk [10]. In cardiac rehabilitation,
resistance training has been recommended at a low–moderate intensity
with 10 to 15 repetitions per exercise [20]. However, a dose–response
relationship exists for resistance training intensity, where gains inmus-
cular strength improve with greater resistance training intensity, even
in people aged N65 years [21]. As approximately two-thirds of patients
attending cardiac rehabilitation are older than 65 years [22,23], investi-
gation into resistance training intensity during cardiac rehabilitation is
warranted. If high intensity resistance training is prescribed in cardiac
rehabilitation, greater increases in muscular strength might be elicited
compared to resistance training prescribed at low or moderate intensi-
ties, with greater functional improvements obtained [19,21] and further
reductions of mortality risk [10].

In addition to personal benefits, returning patients towork following
a cardiac event is important due to the detrimental effect of lost produc-
tivity and wage replacement on a community's economy [24]. The me-
dian time taken to return to work after a cardiac event can be as long as
13 weeks [25,26]. As such, strategies that facilitate a speedier return to
work for cardiac rehabilitation patients are important and could de-
crease someof the indirect costs associatedwith CHD [24]. Poor physical
function has been identified as an important factor that delays return to
work [27]. However, attendance at cardiac rehabilitation, which can in-
crease physical function [28], is relatively poor, with approximately one
third of eligible patients attending cardiac rehabilitation throughout the
developed world [29–31]. One reason that is often cited for non-
attendance at cardiac rehabilitation is a perceived lack of time [32,33].
Although different models exist for the delivery of cardiac rehabilita-
tion, outpatient cardiac rehabilitation programs are generally 6 to
12weeks in duration [3,34]. Therefore, shorter duration cardiac rehabil-
itation programswith the inclusion of resistance trainingmight bewar-
ranted if they can reduce the time-burden on patients, leading to
increased cardiac rehabilitation attendance.

Given that CHD remains a major burden worldwide [1], optimising
the treatment of CHD is of importance. This systematic review with
meta-analysis aimed to compare resistance training, prescribed alone
(RT) or in combination with aerobic training (CT), to aerobic training
alone (AT) on physical capacity. A further aimwas to investigate howal-
terations in resistance training intensity and intervention duration
moderated physical capacity outcomes in a CHD population.

2. Methods

2.1. Search strategy

Six electronic databases (PubMed, Medline, CINAHL, Scopus, Embase
and Cochrane) were searched from the earliest available date to
November 2016. Search terms were grouped into three constructs:
‘cardiac disease’, ‘resistance training’ and ‘functional capacity’. These
constructs were searched individually and in combination using the
‘AND’ operation. Search terms for ‘cardiac disease’ were: heart
disease(s), cardiac disease(s), coronary heart disease(s), coronary
artery disease(s), angina, myocardial infarction, ischemic heart
disease(s), cardiac revascularisation, cardiac revascularisation, myocar-
dial ischemia, coronary artery bypass (surgery), ischemic artery dis-
ease(s), coronary infarction and coronary disease(s). Search terms for
‘resistance training’ were: resistance training, weight training, strength
training, weight lifting, muscle strengthening, progressive resistance
training, circuit training, exercise training,muscle contraction(s) and ex-
ercise therapy. Search terms for ‘functional capacity’ were: functional
Please cite this article as: P.D. Xanthos, et al., Implementing resistance train
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capacity, physical function, aerobic capacity, muscle strength, power,
muscle power, muscle torque, _VO2max, _VO2peak, oxygen uptake, exercise
capacity and exercise tolerance. One investigator (PX) reviewed studies
by title and excluded inappropriate studies by the following exclusion
criteria: 1) non-human participants or study not written in English;
2)not anoriginal investigation; 3)not an adult population; 4) population
had not experienced angina, myocardial infarction or acute coronary
heart disease; 5) no prescribed exercise training; 6) insufficient RT pre-
scription (i.e. RT not completed at least twice a week, number and/or
names/descriptions of RT exercises not reported, intensity of RT exer-
cises not reported, number of sets of RT exercises not reported, number
of repetitions per set of RT exercises not reported); and 7) no functional
outcome measures of cardiorespiratory fitness, muscular strength or
muscular power. One investigator (PX) reviewed all studies by abstract
while two investigators (BG and MK) reviewed half of the abstracts
each. A unanimous decisionwas required between PX and BG/MK to ex-
clude a study by abstract. Split decisions resulted in that study being
reviewed by the final investigator (either BG or MK), whereby the
majority decision resulted in that study being excluded or included.
Full-text reviewwas undertaken in the samemanner as abstract review.

2.2. Data extraction

Data describing population characteristics, intervention duration
and exercise prescription, control duration and exercise prescription,
follow-up times and outcomes were extracted from included studies.
Descriptive statistics from individual studies relating to change in:
1) cardiorespiratory fitness, as measured by _VO2peak, exercise time or
power output, and 2) muscular strength, as measured by 1RM or as
peak isokinetic torque, were entered directly into Review Manager
(RevMan, Version 5.3; The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark) for analysis. Required data were
not able to be extracted from 3 studies. Where the required data were
not published and authorswere unable to be contacted, themeans, stan-
dard deviations and participant numbers were obtained from a previ-
ously published meta-analysis [16] for inclusion in this meta-analysis.

2.3. Assessment of study quality

Assessment of study and outcome quality for each meta-analysis
was completed according to the GRADE approach for systematic re-
views [35]. Quality of evidence was assessed on a four-point scale in-
cluding ‘high’, ‘moderate’, ‘low’ and ‘very low’ [35]. Quality of evidence
for meta-analyses began at the high level and was downgraded to
lower levels of evidence when risk of bias, inconsistency, indirectness,
imprecision or publication bias were present.

2.4. Data analysis

This systematic reviewwithmeta-analyses aimed to assess the effec-
tiveness of resistance training in individuals with CHD compared to aer-
obic training (AT). Studies including resistance training as an
intervention were grouped into: 1) interventions that included resis-
tance training in combinationwith aerobic training (CT); or 2) resistance
training alone (RT). Both CT and RT alonewere compared to AT alone for
change in cardiorespiratoryfitness ( _VO2peak and peakwork capacity) and
change in muscular strength. In studies withmore than one appropriate
intervention group, the sample sizes, means and standard deviations
were condensed into a single sample size, mean and standard deviation
according toHiggins andDeeks [36]. To assess the influence of resistance
training intensity on change in cardiorespiratory fitness and muscular
strength, CT studies were stratified into high (≥70% 1RM or b12 repeti-
tions per set) and low–moderate intensities (b70% 1RM or ≥12 repeti-
tions per set) according to a previously published systematic review
with meta-analysis [37]. Combined training studies were stratified into
shorter duration (b12 weeks) and longer duration (≥12 weeks)
ing in the rehabilitation of coronary heart disease: A systematic review
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interventions to assess the efficacy of different intervention lengths. An
insufficient number of RT studies were identified to assess the effective-
ness of resistance training intensity or intervention duration.

Theweightedmean difference (WMD)with 95% confidence intervals
(95% CI) was used to calculate effect size for change in _VO2peak, while
standardisedmean differences (SMD)with 95% CIwere used to calculate
effect sizes for change in peak work capacity and muscular strength to
account for differences in the measurement of these outcomes. Random
effects models were used to create meta-analyses for these outcomes.
Meta-analyses were completed for outcomes where appropriate levels
Fig. 1. Flow diagram of the systematic searches, record exclusions a
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of heterogeneity were detected. A non-significant chi-squared value as-
sumed no significant heterogeneity between studies. Data in text are
presented as mean ± standard deviation unless otherwise specified.

3. Results

3.1. Study selection

The literature search identified 3597 unique studies (Fig. 1). A total
of 3443 studies were excluded after review of titles and abstracts,
nd included studies for qualitative and quantitative syntheses.

ing in the rehabilitation of coronary heart disease: A systematic review
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leaving 154 studies for full-text review. A total of 103 studies were ex-
cluded during full-text review (Fig. 1). Two additional studies were in-
cluded after inspection of reference lists from included studies. A total
of 51 studies were included for review and analysis. Of the 51 included
studies, only 23 included a CT or RT interventionwith anAT control that
investigated cardiorespiratory fitness ormuscular strength. The remain-
ing studies either included a no-exercise control group or did not in-
clude a control at all.

3.2. Combined training and resistance training alone versus aerobic
training

Themeta-analysis for CT versus AT for _VO2peak demonstrated a ‘mod-
erate’ quality of evidence (Appendix A) with a significant effect in fa-
vour of CT (11 studies, 445 participants; WMD: 0.61, 95% CI: 0.20 to
1.01; Fig. 2). The meta-analysis for CT versus AT for peak work capacity
demonstrated a ‘moderate’ quality of evidence (Appendix A) with a sig-
nificant effect in favour of CT (11 studies, 422 participants; SMD: 0.31,
95% CI: 0.11 to 0.50; Fig. 3). For muscular strength, the meta-analysis
for CT versus AT demonstrated a ‘moderate’ quality of evidence
(Appendix A) with a significant effect in favour of CT (16 studies, 481
participants; SMD: 0.65, 95% CI: 0.43 to 0.87; Fig. 4).

The meta-analysis for RT versus AT for _VO2peak demonstrated a ‘low’
quality of evidence (Appendix B) with no evidence to suggest an effect
in favour of either RT alone or AT (4 studies, 172 participants; WMD:
−0.48, 95% CI: −2.33 to 1.38; Fig. 5). For muscular strength, the
meta-analysis for RT versus AT demonstrated a ‘very low’ quality of
Fig. 2. Combined training versus aerobic training for change in _VO2peak stratified by: 1) low–mo
longer duration intervention length.
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evidence (Appendix B) with no evidence to suggest an effect in favour
of either RT alone or AT (2 studies, 48 participants; SMD: 0.88, 95% CI:
−0.86 to 2.62; Fig. 6).

One study compared CT vs RT [38]. _VO2peak increased by 4.5 ±
1.6 ml/kg/min in the CT group and increased by 3.5± 1.3ml/kg/min in
the RT group and significantly favoured CT (WMD: 1.00, 95% CI: 0.54 to
1.46). Peak work capacity, measured by exercise time, increased by
5.4 ± 2.6 min in the CT group and by 4.4 ± 2.3 min in the RT group
and significantly favoured CT (WMD: 1.00, 95% CI: 0.07 to 1.93).

3.3. Influence of resistance training intensity

The meta-analysis for low–moderate intensity CT versus AT on
_VO2peak demonstrated a ‘moderate’ quality of evidence (Appendix A)
with a significant effect in favour of CT (10 studies, 373 participants;
WMD: 0.79, 95% CI: 0.35 to 1.23; Fig. 2). A single study (72 participants)
investigated high intensity CT versus AT for change in _VO2peak, with no
evidence to suggest an effect in favour of high intensity CT or AT (WMD:
−0.50, 95% CI:−1.59 to 0.59; Fig. 2). The meta-analysis for low–mod-
erate intensity CT versus AT on muscular strength demonstrated a
‘moderate’ quality of evidence (Appendix A) with a significant effect
in favour of CT (15 studies, 447 participants; SMD: 0.58, 95% CI: 0.38
to 0.78; Fig. 4). A single study (34 participants) investigated high inten-
sity CT versus AT for change in muscular strength, with a significant ef-
fect in favour of CT (SMD: 1.47, 95% CI: 0.70 to 2.24; Fig. 4).

Therewere four further high intensity CT studies [39–42] and seven-
teen low–moderate intensity CT studies [24,43–58] that investigated
derate intensity CT and high intensity CT and 2) shorter duration intervention length and

ing in the rehabilitation of coronary heart disease: A systematic review
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the change in _VO2peak and/or muscular strength. The high intensity CT
study that investigated the change in _VO2peak found a significant im-
provement [42], while another high intensity CT study reported a signif-
icant improvement in peak work capacity [41]. Similarly, nine low–
moderate intensity CT studies that investigated _VO2peak found signifi-
cant improvements [43,44,47,49–52,54,56], improvements in _VO2peak

was approaching significance in one low–moderate CT study [24], an-
other study found significant improvements in _VO2peak with CT com-
bined with inspiratory muscle training but not with CT alone [58],
while another three studies reported significant improvements in
peak work capacity [45,46,53]. The mean improvement in _VO2peak for
high intensity CT was 5.2 ± 6.4 ml/kg/min while the mean improve-
ment for low–moderate intensity CT was 3.5 ± 5.1 ml/kg/min. All
high intensity CT and low–moderate intensity CT studies that reported
on muscular strength found significant improvements [39–41,43–45,
48,51,54–57].

Five further studies using high intensity RT [8,59–62] and two stud-
ies using low–moderate intensity RT [63,64] investigated the change in
cardiorespiratory fitness and/or muscular strength. The four high inten-
sity RT studies reported no significant change for _VO2peak with RT [8,59–
61]; although, one of these studies was approaching significance (p =
0.06) for enhanced _VO2peak [8]. The low–moderate intensity RT study
that reported _VO2peak found a significant decrease [63]. Two high inten-
sity RT studies found significant increases in peak work capacity [8,62],
while one low–moderate intensity RT study foundno significant change
in peak work capacity [63] and the other found a significant increase in
peak work capacity [64]. All RT studies that investigated muscular
strength reported significant increases [8,59–63].

3.4. Influence of intervention duration

Themeta-analysis for shorter duration CT versus shorter duration AT
for _VO2peak demonstrated a ‘low’ quality of evidence (Appendix A) with
a significant effect in favour of shorter duration CT (3 studies, 139 par-
ticipants; WMD: 0.82, 95% CI: 0.35 to 1.29; Fig. 2). The meta-analysis
for longer duration CT versus longer duration AT for _VO2peak demon-
strated a ‘moderate’ quality of evidence (Appendix A) with no evidence
to suggest an effect in favour of either longer duration CT or longer du-
ration AT (8 studies, 306 participants; WMD: −0.03, 95% CI: −0.84 to
0.77; Fig. 2). For muscular strength, the shorter duration CT versus
shorter duration AT meta-analysis demonstrated a ‘low’ quality of evi-
dence (Appendix A) with a significant effect in favour of shorter dura-
tion CT (7 studies, 196 participants; SMD: 0.76, 95% CI: 0.38 to 1.15;
Fig. 4). The meta-analysis for longer duration CT versus longer duration
AT formuscular strength demonstrated a ‘moderate’ quality of evidence
(Appendix A) with a significant effect in favour of longer duration CT (9
studies, 285 participants; SMD: 0.56, 95% CI: 0.30 to 0.83; Fig. 4).

Five additional shorter duration CT studies [24,43,49–51] and eight
further longer duration CT studies [42,44,47,48,52,54,56,58] investigat-
ed the change in _VO2peak. When reported in ml/kg/min, _VO2peak was
Please cite this article as: P.D. Xanthos, et al., Implementing resistance train
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enhanced by 3.5 ± 4.5 ml/kg/min with shorter duration CT [43,49,50]
and by 3.9 ± 5.6 ml/kg/min with longer duration CT [42,44,47,52,54,
56]. One other shorter duration CT study found an improvement in _V
O2peak approaching significance (p b 0.056) [24] while the other found
significant improvements of 146.0 ± 434.2 ml/min and 406.0 ±
456.9 ml/min respectively for lowmuscle volume and high muscle vol-
ume groups [51]. The other longer duration CT study reported improve-
ments of 12% and 17% in _VO2peak respectively for older and younger
groups [48]. Two further shorter duration CT studies [49,53] and six lon-
ger duration CT studies [42,45–47,52,56] investigated, and found signif-
icant improvements in, peak work capacity. Five further shorter
duration CT studies [39,43,49–51] and nine longer duration CT studies
[44–48,54–57] investigated the change in muscular strength, with all
studies finding significant increases in muscular strength.

Two further shorter duration RT studies [61,63] and three longer du-
ration RT studies [8,59,60] investigated the change in _VO2peak. One
shorter duration RT study found no change in _VO2peak [61] while the
other found a significantly decreased _VO2peak [63]. The three longer du-
ration RT studies found no change in _VO2peak [8,59,60]. A shorter dura-
tion RT study [62] and two longer duration RT studies [8,64] found
significant increases in peak work capacity while another shorter dura-
tion RT study found no change [63]. Three further shorter duration RT
[61–63] and longer duration RT [8,59,60] studies investigated and
found significant increases in muscular strength.

3.5. Adverse and hemodynamic responses to exercises

Table 1 shows the reported cardiac and non-cardiac adverse re-
sponses or events to CT, RT, and AT for individual studies. 36 studies re-
ported adverse events. 16 CT studies, four of which prescribed high
intensity CT, reported no adverse responses or events to CT. Onehigh in-
tensity RT alone study reported no adverse responses or events with RT
while one high intensity RT study reported no injury ormuscle soreness
with RT. Eight of the studies using AT reported no adverse responses or
events with AT. Three studies reported adverse cardiac responses or
events to CT and two studies reported non-cardiac adverse responses
or events to CT. Three studies reported a cardiac adverse response or
event to RT or muscular strength testing while six studies reported
non-cardiac adverse responses or events to RT or muscular strength
testing. Of the studies that utilised AT or cardiorespiratory fitness test-
ing, six reported cardiac adverse responses or eventswhile three report-
ed non-cardiac adverse responses or events.

4. Discussion

The findings of thesemeta-analyses provide moderate quality of ev-
idence to support the use of combined resistance training and aerobic
training in cardiac rehabilitation programs to enhance improvements
in _VO2peak, peak work capacity and muscular strength. There was low
and very lowquality of evidence to demonstrate that resistance training
ing in the rehabilitation of coronary heart disease: A systematic review
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Fig. 4. Combined training versus aerobic training for change in muscular strength stratified by: 1) low–moderate intensity CT and high intensity CT and 2) shorter duration intervention
length and longer duration length.

Fig. 5. Resistance training alone versus aerobic training for change in _VO2peak.
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Fig. 6. Resistance training alone versus aerobic training for change in muscular strength.
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alone was similar to aerobic training alone for improving _VO2peak and
muscular strength. There was very low quality of evidence regarding
high intensity combined training; however, qualitative synthesis of
low–moderate and high intensity studies indicated that both low–mod-
erate and high intensity resistance training enhance improvements in _V
O2peak, peak work capacity and muscular strength. Duration-stratified
meta-analyses provide low quality of evidence, and qualitative synthe-
sis suggests that shorter duration interventions involving resistance
training can improve cardiorespiratory fitness and muscular strength.

Adverse events were reported during CT, RT and AT (Table 1). There
was no evidence to suggest that resistance training or high intensity re-
sistance training increased the number of reported adverse events
when comparedwith aerobic exercise. Therefore, thesefindings suggest
that resistance training or combined resistance and aerobic training
pose a similar risk of adverse events as aerobic training alone.

Based on current meta-analyses, improvements in _VO2peak, peak
work capacity and muscular strength were significantly greater with
CT when compared with AT. These findings extend a previous meta-
analysis, which reported improvements in lower body strength, upper
body strength and peak work capacity that significantly favoured CT
compared to AT [16]. The current meta-analyses included an additional
two studies for _VO2peak [65,66], eight studies for peakwork capacity [13,
38,67–72] and seven studies formuscular strength [14,66,67,69–71,73],
whichwere not included in thepreviousmeta-analysis [16]. The current
results also support previous findings from Yamamoto et al. [17] who
reported that CT/RT significantly enhanced _VO2peak, peak work capacity
andmuscular strength compared to AT/usual care controls [17]. Howev-
er, findings from the current meta-analysis, which analysed CT and RT
interventions separately, suggest that improvements in _VO2peak result
from CT rather than RT interventions. In contrast, a meta-analysis of pa-
tientswithheart failure showednodifferences in _VO2peak improvements
between CT and AT interventions [74]. It is possible that reduced ejec-
tion fraction and lower initial exercise capacitymight diminish the sup-
plementary benefits of RT when combined with AT in patients with
heart failure. The downgrading of evidence from high to moderate in
the current meta-analyses was primarily due to a lack of sufficient
methodological detail around blinding participants and personnel in-
volved in the studies, leading to an unclear risk of bias for most studies.
Nevertheless, given the difficulty and practicality of blinding partici-
pants and personnel in exercise-based studies, themoderate level of ev-
idence still provides robust data that support the efficacy of combined
resistance training with aerobic training on cardiorespiratory fitness
and muscular strength in patients with CHD.

The improvements in cardiorespiratory fitness identified in the
currentmeta-analyses and qualitatively synthesised studies support in-
cluding purposeful resistance training with aerobic training to enhance
the response to aerobic conditioning. Aswell as improvingADL [6,7] and
mortality risk [9], improvements in cardiorespiratory fitness are corre-
lated with enhanced self-efficacy and associated with greater exercise
participation following a structured exercise program in older adults
[75,76]. As such, the inclusion of resistance training to aerobic training
might promote healthy long-term exercise maintenance via improve-
ments in cardiorespiratory fitness and self-efficacy more than aerobic
training alone. The results also supported including purposeful resis-
tance training with aerobic training to enhance muscular strength. Im-
provements in muscular strength from the addition of resistance
training to aerobic training could decrease mortality risk [10], improve
Please cite this article as: P.D. Xanthos, et al., Implementing resistance train
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the capacity of these individuals to complete ADL [19] and thus lead to
an increased quality of life [77].

It might be expected that AT would improve _VO2peak more than RT
alone while RT alone might be expected to improve muscular strength
more than AT. However, findings from the current meta-analyses pro-
vided low level evidence that there was no effect in favour of RT alone
or AT alone for improvement in _VO2peak and very low level evidence
that there was no effect in favour of RT alone or AT alone for improve-
ment in muscular strength. Level of evidence was downgraded in
these meta-analyses due to risk of bias, imprecision, and inconsistency.
It is likely that the imprecision, due to an inadequate sample size, and
inconsistency, due to significant heterogeneity, result from a lack of
studies that investigate RT alone versus AT alone. Increased muscle
mass and muscular strength via adaptations to resistance training can
increase an individual's capacity to generate force and complete work
[78]. Improvements in _VO2peak after RT might reflect a combination of
peripheral and central adaptations to this mode of training, whereby
RT can causemuscular adaptations that lessen the peripheral limitations
to exercise performance and, consequently, increase _VO2peak recorded
during progressive exercise testing. Additionally, resistance training
can provide stress to the body's cardiovascular system [79]. However,
whether the stress on the cardiovascular systemduring the RT interven-
tions resulted in cardiorespiratory adaptations, thus leading to improve-
ments in _VO2peak and the results of thismeta-analysis, is unknown.More
studies investigating RT versus AT alone are required to provide higher
quality evidence to provide more robust evidence to the efficacy of RT
alone versus AT for improvement in physical capacity.

A direct comparison between CT and RTwas only available for a sin-
gle study [38]. Although both interventions improved _VO2peak and peak
work capacity, the improvements were significantly larger in CT when
compared to RT [38]. More studies investigating RT alone versus CT
are required to confirm that these findings are transferable to wider
populations.

There is a dearth of studies that evaluate the effects of high intensity
resistance training on physical function; therefore, it is difficult to deter-
mine the effects of resistance intensity within the meta-analyses. Con-
sistent improvements in cardiorespiratory fitness were found among
qualitatively synthesised studies using a low–moderate intensity CT in-
tervention [43–47,49–54,56] or high intensity CT intervention [41,42].
High intensity RT studies found no change in _VO2peak [8,59–61] while
the study using low–moderate intensity RT reported a significant de-
crease in _VO2peak [63]. Furthermore, high intensity RT studies found sig-
nificantly improved peak work capacity [8,62], while no change in peak
work capacity was found in one low–moderate RT study [63] and the
other low–moderate intensity RT study found significantly improved
peak work capacity [64]. Although the level of evidence is not strong,
these data suggest that high intensity RT is more beneficial than low–
moderate intensity RT to improve cardiorespiratory fitness. This might
be due to the dose–response relationship between resistance training
intensity and improvement in muscular strength [21] and the afore-
mentioned discussion on how increased force generating capacity
might improve performance during a graded exercise test. Alternative-
ly, it is possible that higher intensity RT elicits enhanced peripheral and/
or central training effects that result in improved cardiorespiratory re-
sponses to exercise.

The small number of studies in the intensity-stratifiedmeta-analysis
for muscular strength made it difficult to determine the effect of high
ing in the rehabilitation of coronary heart disease: A systematic review
016.12.076
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Table 1
Characteristics of the included studies.

Study Participants Interventions Intervention
duration

Outcome Change (post–pre) Adverse events

Adams [39] MI; CABS; PCI; angina; cardiomyopathy
n = 61
Mean age (low): 64 ± 10 years
Mean age (medium): 57 ± 12 years
Mean age (high): 61 ± 9 years

1) CT (high intensity) — low risk; n = 24
2) CT (high intensity) — medium risk;
n = 19
3) CT (high intensity) — high risk;
n = 18

8 weeks Leg ext. 1RM CT (low): +10.0 ± 19.7 kg
CT (med): +8.0 ± 16.2 kg
CT (high): +8.2 ± 21.6 kg

No adverse events

Ades [8] CHD (MI; CABS; PCI; angina)
n = 33
Mean age: 72 ± 6 years

1) RT (high intensity); n = 19
2) Flexibility; n = 14

6 months _VO2peak

6MWD
Leg ext. 1RM

RT: +1.0 ± 3.5 ml/kg/min
FLEX: not reported
RT: +52.1 ± 116.1 m
FLEX: not reported
RT: +12.0 ± 22.6 kg
FLEX: not reported

Not reported

Ades [59] CHD (MI; CABS; PCI; angina)
n = 42
Mean age (RT): 73 ± 6 years
Mean age (FLEX): 72 ± 6 years

1) RT (high intensity); n = 21
2) Flexibility; n = 21

6 months _VO2peak

Leg ext. 1RM

RT: +0.9 ± 3.6 ml/kg/min
FLEX: +0.3 ± 3.0 ml/kg/min
RT: +24.0 ± 10.3 kg
FLEX: +3.5 ± 13.5 kg

Not reported

Arthur [85] MI; CABS
n = 82
Mean age: not reported

1) CT (high intensity); n = 40
2) AT; n = 42

6 months _VO2peak Required data not reported Not reported

Back [41] CHD (CA stenosis; angina)
n = 37
Median age (CT): 62 years
Median age (standard CR): 64 years

1) CT (high intensity); n = 21 before
training, n = 18 after training
2) Standard CR; n = 15 before CR,
n = 16 after CR

8 months GXT peak power CT: significant improvement
CR: no change

No serious adverse events

Beniamini [80] MI; CABS, PCI; angina
n = 34
Mean age (CT): 58 ± 12 years
Mean age (AT): 59 ± 12 years

1) CT (high intensity); n = 18
2) AT; n = 16

12 weeks GXT time
Knee ext. 1RM

CT: +2.3 ± 3.0 min
AT: +1.2 ± 2.8 min
CT: +35.0 ± 24.7 kg
AT: +4.0 ± 14.5 kg

Exacerbation of pre-existing arthritic
knee pain (AT, n = 1)
No signs or symptoms of cardiac
ischemia or arrhythmia.

Brochu [60] CHD (MI; CABS; angina)
n = 25
Mean age: 71 ± 5 years
Mean age (RT): 71 ± 4 years
Mean age (FLEX): 71 ± 5 years

1) RT (high intensity); n = 13
2) Flexibility; n = 12

6 months _VO2peak

6MWD
Leg ext. 1RM

RT: +1.3 ± 3.2 ml/kg/min
FLEX: 0.0 ± 3.0 ml/kg/min
RT: +58.0 ± 105.7 m
FLEX: +28.0 ± 88.3 m
RT: +6.7 ± 4.4 kg
FLEX: +1.8 ± 6.3 kg

Anginal symptoms during GXT (RT,
n = 4; FLEX, n = 2)
Exacerbation of arthritic conditions
(RT, n = 2)
Dizziness in supine position (RT,
n = 1)

Butler [67] MI; CABS; PCI
n = 21
Mean age (CT): 51 ± 7 years
Mean age (AT): 53 ± 7 years

1) CT (low–mod intensity); n = 9
2) AT; n = 10

12 weeks GXT time
Mean 8 UB 1RM

CT: +1.7 ± 1.4 min
AT: +1.9 ± 1.5 min
CT: +8.9 ± 5.2 kg
AT: +5.3 ± 10.2 kg

Recurrent chest pain (CT, n = 1)

Caruso [86] CHD
n = 20
Mean age (CT): 61 ± 5 years
Mean age (AT): 61 ± 4 years

1) CT (low–mod intensity); n = 10
2) AT; n = 10

8 weeks Leg press 1RM CT: +44.3 ± 56.2 kg
AT: −14.7 ± 43.2 kg

Joint pain during 1RM assessment
(n = 1)
Joint pain during exercise training
(CT, n = 1; AT, n = 1)
No other abnormalities

Chludilova [47] CABS
n = 10
Mean age: 64 ± 7 years

CT (low–mod intensity); n = 10 12 weeks _VO2peak

GXT peak power
Leg ext. 1RM

CT: +3.8 ± 4.8 ml/kg/min
CT: +34.0 ± 28.2 W
CT: +6.0 ± 9.0 kg

Not reported

Coke [57] MI; CABS; PCI; angina
n = 32
Mean age (CT): 64 ± 11 years
Mean age (UC): 65 ± 10 years

1) CT (low–mod intensity); n = 16
2) Usual care; n = 16

12 weeks Chest press 1RM CT: +1.0 ± 1.9 kg
UC: +0.4 ± 1.3 kg

Not reported

Crozier Ghilarducci
[40]

CHD (MI; CABS; angina)
n = 10
Mean age: 57 years

CT (high intensity); n = 10 10 weeks Leg ext. 1RM CT: +14.0 ± 7.0 kg No ischemic ST-segment changes or
arrhythmias during 1RM testing.
No ischemia symptoms or abnormal
HR or BP responses during exercise
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Currie [42] CHD (MI; CABS; PCI; angiographically
documented stenosis N50% in at least
1 major CA; positive stress test with
chest discomfort and N1 mm ST-
segment depression)
n = 19
Mean age (MICT): 66 ± 8 years
Mean age (HIIT): 63 ± 8 years

1) CT (high intensity) — MICT; n = 10
2) CT (high intensity) — HIIT; n = 9

6 months _VO2peak

GXT peak power

MICT: +4.4 ± 7.6 ml/kg/min
HIIT: +6.1 ± 4.8 ml/kg/min
MICT: +30.0 ± 54.7 W
HIIT: +49.0 ± 59.2 W

Not reported

Daub [68] MI
n = 57
Mean age (CT-20): 49 ± 9 years
Mean age (CT-40): 47 ± 7 years
Mean age (CT-60): 51 ± 7 years
Mean age (AT): 50 ± 7 years

1) CT (low–mod intensity) — 20% 1RM;
n = 14
2) CT (low–mod intensity) — 40% 1RM;
n = 13
3) CT (low–mod intensity) — 60% 1RM;
n = 15
4) AT; n = 15

12 weeks _VO2peak

GXT time
Chest press 1RM

CT (20): +3.7 ± 7.3 ml/kg/min
CT (40): +2.0 ± 5.1 ml/kg/min
CT (60): +1.2 ± 3.5 ml/kg/min
AT: +2.9 ± 2.5 ml/kg/min
CT (20): +3.3 ± 2.4 min
CT (40): +2.5 ± 2.2 min
CT (60): +1.9 ± 1.7 min
AT: +2.7 ± 1.8 min
CT (20): +3.5 ± 11.8 kg
CT (40): +6.4 ± 13.6 kg
CT (60): +5.3 ± 11.7 kg
AT: −0.3 ± 9.6 kg

Resistance exercise:
Arrhythmias (n = 1)

Aerobic exercise:
ST depression (n = 25)
Angina (n = 12)
Arrhythmias (n = 3)
Hypertension (n = 3)
Hypotension (n = 2)

Ewart [69] MI; CABS; angina
n = 40
Mean age: 55 ± 9 years

1) CT (low–mod intensity); n = 20
2) AT; n = 20

10 weeks Mean 2 LB 1RM CT: +9.1 ± 5.3 kg
AT: +3.6 ± 4.3 kg

No adverse events

Fragnoli-Munn [48] MI; PTCA (PCI)
n = 45
Mean age (older): 68 ± 3 years
Mean age (younger): 48 ± 7 years

1) CT (low–mod intensity) — older;
n = 19
2) CT (low–mod intensity) — younger;
n = 26

12 weeks _VO2peak

Leg ext. 1RM

OLD: 12% increase
YOU: 17% increase
OLD: +10.0 ± 15.0 kg
YOU: +17.0 ± 16.1 kg

Low-grade muscle soreness during
strength training.

Gayda [70] MI; PCI; CABS; myocardial ischemia
n = 16
Mean age: 55 ± 8 years

1) CT (low–mod intensity); n = 8
2) AT; n = 8

7 weeks _VO2peak

GXT peak power
Quadriceps MVC

CT: +7.5 ± 6.9 ml/kg/min
AT: +3.0 ± 6.4 ml/kg/min
CT: +54.0 ± 38.9 W
AT: +26.0 ± 32.1 W
CT: +29.0 ± 49.2 Nm
AT: +6.0 ± 50.8 Nm

Not reported

Ghroubi [87] CABS
n = 32
Mean age (RT): 59 ± 2 years
Mean age (AT): 59 ± 6 years

1) RT (low–mod intensity); n = 16
2) AT; n = 16

8 weeks _VO2peak

Quadriceps PT

RT: +4.0 ± 5.5 ml/kg/min
AT: +1.7 ± 4.0 ml/kg/min
RT: +42.0 ± 16.5 Nm
AT: +6.8 ± 13.8 Nm

Knee pain (AT, n = 5; RT, n = 3)
ST-segment depression (AT, n = 2)

Gremeaux [49] PCI
n = 14
Mean age (CON): 45 ± 5 years
Mean age (ECC): 53 ± 1 years

1) CT (low–mod intensity) — CON
cycling; n = 7
2) CT (low–mod intensity) — ECC
cycling; n = 7

5 weeks _VO2peak

GXT peak power
Knee ext. MVC

CON: +1.2 ± 5.5 ml/kg/min
ECC: +3.5 ± 3.0 ml/kg/min
CON: +40.0 ± 32.1 W
ECC: +24.3 ± 7.1 W
CON: +86.1 ± 156.5 N
ECC: +52.6 ± 126.6 N

No adverse events

Haennel [88] CABS
n = 24
Mean age (RT): 51 ± 6 years
Mean age (AT): 52 ± 11 years
Mean age (NE): 57 ± 4 years

1) RT (low–mod intensity); n = 8
2) AT; n = 8
3) no exercise; n = 8

8 weeks _VO2peak

Knee ext. PT

RT: +2.4 ± 3.3 ml/kg/min
AT: +4.3 ± 4.5 ml/kg/min
NE: +0.7 ± 3.1 ml/kg/min
RT: +22.0 ± 29.7 Nm
AT: +23.0 ± 33.1 Nm
NE: +2.0 ± 10.0 Nm

Not reported

Hansen [71] MI; angina
n = 47
Mean age (CT): 60 ± 9 years
Mean age (AT): 59 ± 7 years

1) CT (low–mod intensity); n = 22
2) AT; n = 25

7 weeks GXT peak power
Knee ext. PT

CT: +32.0 ± 34.7 W
AT: +27.0 ± 41.5 W
CT: +12.0 ± 37.0 Nm
AT: +10.0 ± 47.0 Nm

Not reported

Helgerud [15] MI; CABS; PCI
n = 18
Mean age (CT): 65.0 ± 5.5 years
Mean age (AT): 61.4 ± 3.7 years

1) RT (high intensity); n = 10
2) AT; n = 8

8 weeks _VO2peak RT: +0.7 ± 4.7 ml/kg/min
AT: +4.6 ± 4.8 ml/kg/min

Not reported

Hermes [58] CABS
n = 24

1) CT + IMT (low–mod intensity);
n = 12

12 weeks _VO2peak CT + IMT: significant improvement
CT: no change

No adverse events
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Table 1 (continued)

Study Participants Interventions Intervention
duration

Outcome Change (post–pre) Adverse events

Mean age (CT + IMT): 55 ± 8 years
Mean age (CT): 60 ± 9 years

2) CT (low–mod intensity); n = 12

Hung [89] MI
n = 18
Mean age (CT): 71 ± 7 years
Mean age (AT): 70 ± 6 years

1) CT (low–mod intensity); n = 9
2) AT; n = 9

8 weeks _VO2peak

Chest press 1RM

Required data not reported
CT: +7.0 ± 8.5 kg
AT: 0.0 ± 10.0 kg

Not reported

Izawa [43] MI
n = 124
Mean age (CT): 62 ± 12 years
Mean age (NE): 62 ± 10 years

1) CT (low–mod intensity); n = 82
2) no exercise; n = 42

8 weeks _VO2peak

Knee ext. PT

CT: +5.4 ± 4.0 ml/kg/min
NE: +0.8 ± 3.9 ml/kg/min
CT: +0.4 ± 0.4 Nm/kg
NE: +0.1 ± 0.4 Nm/kg

No adverse events

Izawa [50] MI; CABS; valve replacement
n = 442
Mean age (YOU): 55 ± 7 years
Mean age (OLD): 71 ± 4 years

1) CT (low–mod intensity) — younger;
n = 242
2) CT (low–mod intensity) — older;
n = 200

8 weeks _VO2peak

Knee ext. PT

YOU: +3.2 ± 5.2 ml/kg/min
OLD: +1.9 ± 4.9 ml/kg/min
YOU: +0.3 ± 0.4 Nm/kg
OLD: +0.2 ± 0.4 Nm/kg

No adverse events

Karlsen [61] CHD (MI; CABS; PCI)
n = 17
Mean age (RT): 67 ± 6 years
Mean age (NE): 62 ± 3 years

1) RT (high intensity); n = 10
2) no exercise; n = 7

8 weeks _VO2peak

Leg press 1RM

RT: +0.7 ± 4.7 ml/kg/min
NE: +0.6 ± 1.9 ml/kg/min
RT: +60.0 ± 24.0 kg
NE: −1.0 ± 65.7 kg

No adverse events

Kelemen [90] CHD (MI; CABS; angina)
n = 40
Mean age: 55 ± 8.5 years

1) CT (low–mod intensity); n = 20
2) AT; n = 20

10 weeks GXT time
Leg ext. 1RM

CT: +1.3 ± 2.1 min
AT: +0.2 ± 1.8 min
CT: +30.5 ± 19.8 kg
AT: +8.0 ± 16.0 kg

Ventricular bigeminy — resistance
and aerobic exercise (CT, n = 4)
Isolated PVC — resistance and aerobic
exercise (CT, n = 4)
Symptomatic hypotension due to
dehydration (CT, n = 1)
No sustained arrhythmias or other CV
complications. No limitations due to
angina.

Kida [51] MI
n = 70
Mean age: 60 ± 10 years
Mean age (LMV): 60 ± 10 years
Mean age (HMV): 61 ± 11 years

1) CT (low–mod intensity) — LMV;
n = 37
2) CT (low–mod intensity) — HMV;
n = 33

8 weeks _VO2peak

Knee ext. PT

LMV: +146 ± 434.2 ml/min
HMV: +406 ± 456.9 ml/min
LMV: +12.6 ± 36.0 Nm
HMV: +8.2 ± 36.6 Nm

No adverse events

Maiorana [63] CABS
n = 26
Mean age (RT): 61 ± 8 years
Mean age (NE): 59 ± 9 years

1) RT (low–mod intensity); n = 12
2) No exercise; n = 14

10 weeks _VO2peak

GXT time
Leg press 1RM

RT: −1.8 ± 5.2 ml/kg/min
NE: −1.4 ± 4.0 ml/kg/min
RT: 0.0 ± 2.0 min
NE: −0.1 ± 1.4 min
RT: +18.5 ± 24.2 kg
NE: −1.3 ± 26.0 kg

Vasovagal episode during RT (n = 1)
No ischemic symptoms or significant
ST-segment depression

Marzolini [91] CHD (CABS; PCI)
n = 52
Mean age: 61 ± 15 years
Mean age (CT-3): 63 ± 12 years
Mean age (CT-1): 61 ± 10 years
Mean age (AT): 58 ± 10 years

1a) CT (low–mod intensity) — 3 sets;
n = 18
1b) CT (low–mod intensity) — 1 set;
n = 18
2) AT; n = 16

29 weeks _VO2peak

Knee ext. PT

CT-3: +3.3 ± 4.7 ml/kg/min
CT-1: +3.1 ± 5.5 ml/kg/min
AT: +2.0 ± 4.0 ml/kg/min
CT-3: +13.0 ± 26.3 Nm
CT-1: +19.3 ± 30.3 Nm
AT: +6.1 ± 27.2 Nm

Ischemia during GXT (n = 2)
No other adverse events

McCartney [81] CHD (MI; CABS; angina)
n = 18
Mean age: 52 ± 8 years

1) CT (low–mod intensity); n = 10
2) AT; n = 8

10 weeks GXT peak power
Knee ext. 1RM

Required data not reported
CT: +7.1 ± 6.5 kg
AT: +1.5 ± 5.4 kg

No adverse events

Mital [24] CHD (Bypass or Angioplasty)
N = 47
Mean age (JCT male): 46 ± 9 years
Mean age (JCT female): 53 ± 1 years
Mean age (UC male): 56 ± 9 years
Mean age (UC female): 59 ± 9 years

1) Job-sim CR (low–mod intensity CT);
n = 17
2) conventional CR (aerobic-based);
n = 30

9 weeks _VO2peak JCT: +613.4 ml/min
CON: +586.8 ml/min

Not reported

Omiya [54] MI
n = 70
Mean age: 60 ± 11 years

1) CT (low–mod intensity) — IR; n = 23
2) CT (low–mod intensity) — normal;
n = 23

3 months _VO2peak

Knee ext. PT

IR: +4.9 ± 4.7 ml/kg/min
NOR: +3.3 ± 5.8 ml/kg/min
β-CD: +2.5 ± 6.0 ml/kg/min

No adverse events
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Mean age (IR): 62 ± 7 years
Mean age (normal): 57 ± 13 years
Mean age (β-CD): 61 ± 10 years

3) CT (low–mod intensity) — β-CD;
n = 24

IR: +0.1 ± 0.4 Nm/kg
NOR: +0.2 ± 0.5 Nm/kg
Β-CD: +0.2 ± 0.5 Nm/kg

Pardaens [52] AVS; MVS
n = 144
Mean age: 64 ± 10 years
Mean age (AVS): 65 ± 12 years
Mean age (MVS): 64 ± 9 years

1) CT (low–mod intensity) —
low/medium risk AVS; n = 38
2) CT (low–mod intensity) — high risk
AVS; n = 33
3) CT (low–mod intensity) —
low/medium risk MVS; n = 46
4) CT (low–mod intensity) — high risk
MVS; n = 27

3–5 months _VO2peak

GXT peak power

LM-AVS: +6.0 ± 6.0 ml/kg/min
H-AVS: +4.0 ± 4.1 ml/kg/min
LM-MVS: +5.0 ± 7.0 ml/kg/min
H-MVS: +2.0 ± 4.5 ml/kg/min
LM-AVS: +34.0 ± 50.6 W
H-AVS: +28.0 ± 30.8 W
LM_MVS: +35.0 ± 43.0 W
H-MVS: +20.0 ± 26.3 W

Not reported

Pfob [53] angina leading to MI, CABS or PCI
n = 24
Mean age: 57 ± 10 years

CT (low–mod intensity); n = 24 5 weeks GXT peak power CT: +14.3 ± 31.5 W Not reported

Pierson [92] CHD
n = 20
Mean age (CT): 59 ± 8 years
Mean age (AT): 61 ± 8 years

1) CT (low–mod intensity); n = 10
2) AT; n = 10

6 months _VO2peak

Knee ext. 2RM

CT: +2.4 ± 4.6 ml/kg/min
AT: +2.7 ± 5.2 ml/kg/min
CT: +29.3 ± 20.4 kg
AT: +12.1 ± 22.4 kg

Discomfort during training (CT,
n = 6)
Low back pain during training (CT,
n = 4)
Elbow tendonitis (CT, n = 1)
Shoulder pain (CT, n = 1)
Anginal symptoms causing early test
termination (CT, n = 1)

Santa-Clara [65] CHD (MI; CABS; PCI; angina)
n = 36
Mean age (CT): 55 ± 10 years
Mean age (AT): 57 ± 11 years
Mean age (NE): 57 ± 11 years

1) CT (low–mod intensity); n = 13
2) AT; n = 13
3) no exercise; n = 10

12 months _VO2peak CT: +8.2 ± 5.2 ml/kg/min
AT: +5.7 ± 5.9 ml/kg/min
NE: −4.0 ± 5.4 ml/kg/min

No adverse events

Santa-Clara [72] CHD (MI; CABS; PCI; angina)
n = 36
Mean age (CT): 55 ± 10 years
Mean age (AT): 57 ± 11 years
Mean age (NE): 57 ± 11 years

1) CT (low–mod intensity); n = 13
2) AT; n = 13
3) no exercise; n = 10

12 months GXT time CT: +0.5 ± 1.8 min
AT: +0.1 ± 1.6 min
NE: −1.5 ± 1.9 min

Not reported

Schmid [14] MI
n = 38
Mean age (CT): 55 ± 9 years
Mean age (AT): 57 ± 10 years

1) CT (low–mod intensity); n = 17
2) AT; n = 21

3 months _VO2peak

Knee ext. PT

CT: +2.5 ± 5.2 ml/kg/min
AT: +2.2 ± 6.3 ml/kg/min
CT: +10.4 ± 42.7 Nm
AT: +5.6 ± 44.2 Nm

No adverse events

Sparling [55] CHD or high-risk from CR
n = 22
Mean age (CT): 56 ± 7 years
Mean Age (AT): 56 ± 8 years

1) CT (low–mod intensity); n = 16
2) AT; n = 6

26 weeks Leg ext. 90% 1RM CT: +21.0 ± 32.5 kg
AT: not measured

High initial BP during RT (n = 2)

Stewart [73] MI; CABS, angina
n = 25
Mean age: 58 ± 8 years

1) CT (low–mod intensity); n = 17
2) AT; n = 8

3 years Sum 2 LB 1RM CT: +16.0 ± 12.2 kg
AT: +6.0 ± 9.1 kg

Increased episodes of angina over
study duration but no cardiac events
(CT, n = 4; AT, n = 1).
Recurrent MI over course of study
(AT, n = 1).
CABS over course of study (AT,
n = 1)
No patients limited by angina during
testing or training.

Stewart [13] MI
n = 23
Mean age (CT): 52 ± 10 years
Mean age (AT): 57 ± 10 years

1) CT (low–mod intensity); n = 12
2) AT; n = 11

10 weeks _VO2peak

GXT time
Sum 2 LB 1RM

CT: +3.1 ± 6.0 ml/kg/min
AT: +1.6 ± 4.5 ml/kg/min
CT: +1.2 ± 2.0 min
AT: +0.9 ± 1.7 min
CT: +20.6 ± 14.4 kg
AT: +9.5 ± 15.0 kg

ST depression during baseline testing
(n = 1)
No adverse events during exercise
training

Tokmakidis [44] CHD (MI; CABS; PCI)
n = 27
Mean age (CT): 56 ± 9 years
Mean Age (NE): 57 ± 12 years

1) CT (low–mod intensity); n = 14
2) No exercise; n = 13

8 months _VO2peak

leg ext. & ham
curl 1RM

CT: +3.9 ± 6.0 ml/kg/min
NE: +0.3 ± 6.6 ml/kg/min
CT: significant improvement NE:
not reported

No adverse events

(continued on next page)

11
P.D

.X
anthos

etal./InternationalJournalofCardiology
xxx

(2016)
xxx–xxx

Please
cite

this
article

as:P.D
.X

anthos,etal.,Im
plem

enting
resistance

training
in

the
rehabilitation

ofcoronary
heartdisease:A

system
atic

review
and

m
eta-analysis,Int

JCardiol(2016),http://dx.doi.org/10.1016/j.ijcard.2016.12.076

http://dx.doi.org/10.1016/j.ijcard.2016.12.076


Table 1 (continued)

Study Participants Interventions Intervention
duration

Outcome Change (post–pre) Adverse events

Tokmakidis [56] CHD
n = 21
Mean age (water CT): 52 ± 12 years
Mean age (NE): 51 ± 9 years

1) water CT (low–mod intensity);
n = 11
2) No exercise; n = 10

4 months _VO2peak

GXT time
Sum 6 1RM

W-CT: +2.2 ± 4.5 ml/kg/min
NE: +0.2 ± 6.6 ml/kg/min
W-CT: +1.3 ± 1.9 min
NE: 0.0 ± 1.7 min
W-CT: +34.7 ± 32.8 kg
NE: not reported

No adverse events

Turban [62] Heart disease in CR
n = 18
Mean age: 56 ± 10 years
Mean age (WM): 56 ± 11 years
Mean age (EB): 55 ± 8 years

1) RT (high intensity) — WM; n = 9
2) RT (high intensity) — EB. N = 9

5 weeks Peak workload
Knee ext. 1RM

WM: +40.00 W
EB: +42.20 W
WM: +8.2 kg
EB: +8.7 kg

No adverse events

Volaklis [45] CHD (MI; CABS; PCI)
n = 27
Mean age (CT): 56 ± 9 years
Mean age (NE): 57 ± 12 years

1) CT (low–mod intensity); n = 14
2) No exercise; n = 13

8 months _VO2peak

Exercise time
Leg ext. 1RM

CT: see [44]
NE: see [44]
CT: +1.5 ± 2.8 min
NE: +0.1 ± 2.7 min
CT: +11.10 ± 2.1 kg
NE: not reported

No adverse events

Volaklis [46] CHD (MI; CABS; PCI)
n = 34
Mean age (CT): 58 ± 10 years
Mean age (water CT): 53 ± 13 years
Mean age (NE): 51 ± 10 years

1) CT (low–mod intensity); n = 11
2) water CT (mod intensity); n = 11
3) No exercise; n = 10

4 months GXT time
Sum of 6 ex 1RM

CT: +0.9 ± 10.5 min
W-CT: +1.3 ± 6.1 min
NE: +0.1 ± 5.1 min
CT: +34.2 ± 42.6 kg
W-CT: +34.7 ± 32.8 kg
NE: +0.4 ± 30.4 kg

No adverse events

Vona [38] MI
n = 209
Mean age (CT): 55 ± 9 years
Mean age (RT): 57 ± 8 years
Mean age (AT): 56 ± 6 years
Mean age (NE): 58 ± 7 years

1) CT (low–mod intensity); n = 53
2) RT (low–mod intensity); n = 54
3) AT; n = 52
4) No exercise; n = 50

4 weeks _VO2peak CT: +4.5 ± 1.6 ml/kg/min
RT: +3.5 ± 1.3 ml/kg/min
AT: +3.7 ± 1.4 ml/kg/min
NE: +0.5 ± 1.5 ml/kg/min

No adverse events

Wilke [66] CHD (MI; CABS; PTCA (PCI); angina; AVS)
n = 36
Mean age: 61 ± 7 years

1) CT (low–mod intensity); n = 12
2) AT; n = 12
3) Weight-carrying; n = 12

12 weeks _VO2peak

Leg press 1RM

CT: +3.3 ± 4.2 ml/kg/min
AT: +2.1 ± 4.1 ml/kg/min
WC: +1.0 ± 5.2 ml/kg/min
CT: +26.4 ± 30.1 kg
AT: +14.2 ± 26.2 kg
WC: +2.9 ± 24.9 kg

Re-injury of shoulder during 1RM
testing (CT, n = 2)
No cardiac adverse events

Wosornu [64] CABS
n = 77
Mean age: 57 ± 8 years
Mean age (RT): 59 ± 6 years
Mean age (AT): 57 ± 9 years
Mean age (NE): 57 ± 7 years

1) RT (low–mod intensity); n = 24
2) AT; n = 27
3) No exercise; n = 26

6 months GXT peak work RT: +1.4 ± 3.4 METS
AT: +2.0 ± 2.7 METS
NE: +0.3 ± 3.2 METS

No serious adverse events.
Dyspnoea, fatigue, leg ache, chest
pain limiting exercise tests (n = 5)

Abbreviations: 1RM= 1 repetition maximum; 2RM= 2 repetition maximum; 6MWD= 6-minute walk test distance; AT= aerobic training; AVS= aortic valve surgery; β-CD= beta-cell dysfunction; BP= blood pressure; CA= coronary artery;
CABS= coronary artery bypass surgery; CHD= coronary heart disease; CON= concentric; CR= cardiac rehabilitation; CT = combined training; CT + IMT= combined training and inspiratory muscle training; CV= cardiovascular; EB = elastic
band; ECC = eccentric; ext. = extension; FLEX = flexibility; GXT = graded exercise test; H = high; HIIT = high intensity interval training; HMV = high muscle volume; IR = insulin resistance; JCT = job-simulated combined training; kg = ki-
lograms; LB= lower body; LM= low/medium; LMV= lowmuscle volume; low–mod= low–moderate; m=metres; med=medium;METS=metabolic equivalents; MI=myocardial infarction;MICT=moderate intensity continuous training;
min =minute; ml =millilitres; MVC=maximal voluntary contraction; MVS=mitral valve surgery; NE= no exercise; Nm=Newton metres; OLD= older; PCI = percutaneous coronary intervention; PT = peak torque; PVC= premature ven-

tricular complexes; RT = resistance training; UB = upper body; UC = usual care; _VO2peak = peak rate of oxygen consumption, distribution, and utilisation; W= Watts; W-CT = water combined training; WC = weight carrying; WM = weight
machines; YOU = younger.
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and low–moderate intensity resistance training. Among qualitatively
synthesised studies, muscular strength significantly improved regard-
less of resistance training intensity [8,39–41,43–45,48,51,54–56,59–
63]. It has been suggested that the inclusion of high intensity resistance
training in the treatment of individuals with CHDmight promote faster
improvements in muscular strength than lower intensity resistance
training [80]. More rapid improvements in muscular strength could
allow earlier return to suitable ADL and enhanced work capacity. As
such, this would allow individuals to reach the goals of cardiac rehabil-
itation sooner. Importantly, high intensity resistance training has also
been shown to be safe for individuals in cardiac rehabilitation [40,81].
While the results of this review suggest that resistance training at
low–moderate or high intensities can improve muscular strength, the
scope for high intensity resistance training to be more beneficial than
low–moderate intensity resistance training warrants further high-
quality randomised-controlled trials versus aerobic training in this
population.

The meta-analyses for shorter duration CT versus shorter duration
AT demonstrated low quality of evidence that shorter duration CT was
superior to shorter duration AT for improvement in cardiorespiratory
fitness and muscular strength. For longer duration CT versus longer du-
ration AT, the meta-analyses demonstrated moderate quality of evi-
dence that there was no evidence to suggest a difference between
longer duration CT and longer duration AT for change in _VO2peak and
that change in muscular strength significantly favoured longer duration
CT. Consistent improvements were found in cardiorespiratory fitness
andmuscular strength in qualitatively synthesised CT studies regardless
of intervention duration [39–56]. In qualitatively synthesisedRT studies,
longer duration interventions [8,59,60] appeared more favourable for
improving cardiorespiratory fitness whilemuscular strengthwas signif-
icantly improved regardless of intervention duration [8,59–63]. The dis-
sonance in effect for _VO2peak between shorter duration CT compared to
shorter duration AT and longer duration CT compared to longer dura-
tion AT is interesting, due to the importance of cardiorespiratory fitness
in this population [9]. Itmight be that improvements in cardiorespirato-
ry fitness are enhanced with CT compared to AT over shorter duration
interventions before plateauing across longer duration interventions.
As such, it might be that shorter duration programs that improve car-
diorespiratory fitness can provide a base for longer term health benefits.

The significant effect favouring shorter duration CT compared to
shorter duration AT for _VO2peak is strongly influenced by a single study
performed by Vona and colleagues [38], one of three studies in this
meta-analysis. This study included a large number of participants (105
out of the 139 included in shorter duration interventions) relative to
other included studies, and thus was heavily weighted to determine
the effect [38]. Given the low level of evidence, more studies should in-
vestigate the efficacy of shorter duration CT for improving _VO2peak. If
shorter duration CT interventions are effective for improving _VO2peak

and muscular strength, it might be prudent to offer shorter duration
_V
_V
_V
_V
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cardiac rehabilitation programs for individuals citing time as a reason
for not maintaining cardiac rehabilitation [33]. It is plausible that the
implementation of effective shorter duration cardiac rehabilitation
might allow patients to resume their usual social and employment ac-
tivities earlier, which could lead to greater improvement in health out-
comes. Nevertheless, regardless of intervention duration, ongoing
exercise at the conclusion of CR is required to continue to improve or
maintain improvements achieved in _VO2peak and muscular strength
[82,83], thereby continually reducing mortality risk [9,10] and poten-
tially enhancing the capacity to complete ADL [19,84].

There are some limitations to this systematic review and meta-
analysis. The publication date of included studies ranges from 1986 to
2015 and the medical treatment of CHD patients has changed over
this time. It is possible, therefore, that the effects of exercisemight be in-
fluenced by differences in medical background of participants across
these studies. Additionally, only a small number of studies were includ-
ed in this review that either investigated high intensity resistance train-
ing or provided comparisons between RT alone against AT alone or CT.
These findings present future research opportunities, particularly as
high intensity resistance training can be performed safely and might
further improve physical function in this population.

5. Conclusions

Combining resistance training with aerobic training in cardiac reha-
bilitation is more effective at increasing physical function than aerobic
training alone. Low–moderate intensity combined training is effective
in enhancing aerobic capacity compared to aerobic training alone
while improvements in aerobic capacity were enhanced across shorter
durations when resistance training is combined with aerobic training.
Qualitative analysis suggests that high intensity resistance training is
safe to perform and should be considered when implementing cardiac
rehabilitation.
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Appendix A. Summary of findings table for combined training versus aerobic training meta-analyses
Combined training versus aerobic training

Patient or population: patients with coronary heart disease
Settings: post-cardiac event
Intervention: combined training
Comparison: aerobic training alone
Outcomes
 Effect size: WMD/SMD
(95% CI)
No. of participants
(studies)
ing
01
Quality of the evidence
(GRADE)
in the rehabilitation o
6.12.076
Comments
O2peak
 WMD: 0.61 (0.20 to 1.01)
 445 (11 studies)
 ⊕⊕⊕⊝ moderatea
 Effect size — this represents a small effect
O2peak low–moderate intensity
 WMD: 0.79 (0.35 to 1.23)
 373 (10 studies)
 ⊕⊕⊕⊝ moderatea
 Effect size — this represents a small effect
O2peak high intensity
 WMD: −0.50 (−1.59 to 0.59)
 72 (1 study)
 ⊕⊝⊝⊝ very lowb,c
 Effect size — this might represent no significant effect
O2peak shorter duration
 WMD: 0.82 (0.35 to 1.29)
 139 (3 studies)
 ⊕⊕⊝⊝ lowa,b
 Effect size — this represents a small effect
(continued on next page)
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Combined training versus aerobic training

Patient or population: patients with coronary heart disease
Settings: post-cardiac event
Intervention: combined training
Comparison: aerobic training alone

ppendix A (continued)
Outcomes
_V
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M
M
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Effect size: WMD/SMD
(95% CI)
nthos, et al., Implementing r
(2016), http://dx.doi.org/10
No. of participants
(studies)
esistance training
.1016/j.ijcard.201
Quality of the evidence
(GRADE)
in the rehabilitation o
6.12.076
Comments
O2peak longer duration
 WMD: −0.04 (−0.84 to 0.77)
 306 (8 studies)
 ⊕⊕⊕⊝ moderatea
 Effect size — this might represent no significant effect

eak work capacity
 SMD: 0.31 (0.11 to 0.50)
 422 (11 studies)
 ⊕⊕⊕⊝ moderatea
 Effect size — this represents a small effect

uscular strength
 SMD: 0.65 (0.43 to 0.87)
 481 (16 studies)
 ⊕⊕⊕⊝ moderatea
 Effect size — this represents a medium effect

uscular strength low–moderate
intensity
SMD: 0.58 (0.38 to 0.78)
 447 (15 studies)
 ⊕⊕⊕⊝ moderatea
 Effect size — this represents a medium effect
uscular strength high intensity
 SMD: 1.47 (0.70 to 2.24)
 34 (1 study)
 ⊕⊝⊝⊝ very lowa,b
 Effect size — this represents a large effect

uscular strength shorter duration
 SMD: 0.76 (0.38 to 1.15)
 196 (7 studies)
 ⊕⊕⊝⊝ lowa,b
 Effect size — this represents a medium effect

uscular strength longer duration
 SMD: 0.56 (0.30 to 0.83)
 285 (9 studies)
 ⊕⊕⊕⊝ moderatea
 Effect size — this represents a medium effect
M
CI: confidence interval; SMD: standardised mean difference; WMD: weighted mean difference.
GRADE working group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

a Downgraded for risk of bias.
b Downgraded for imprecision (inadequate sample size).
c Downgraded for indirectness (female participants only).

Appendix B. Summary of findings table for resistance training versus aerobic training meta-analyses

Resistance training alone versus aerobic training

Patients or population: patients with coronary heart disease
Setting: post-cardiac event
Intervention: resistance training alone
Comparison: aerobic training
Outcomes
 Effect size: WMD/SMD (95% CI)
 No. of participants (studies)
 Quality of the evidence (GRADE)
 Comments
O2peak
 WMD: −0.48 (−2.33 to 1.38)
 172 (4 studies)
 ⊕⊕⊝⊝ lowa,b
 Effect size — this might represent no significant effect

uscular strength
 SMD: 0.88 (−0.86 to 2.62)
 48 (2 studies)
 ⊕⊝⊝⊝ very lowa,b,c
 Effect size — this might represent no significant effect
M
CI: confidence interval; SMD: standardised mean difference; WMD: weighted mean difference.
GRADE working group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

a Downgraded for risk of bias.
b Downgraded for imprecision (inadequate sample size).
c Downgraded for inconsistency (significant heterogeneity).
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