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Background: The efficacy of combined resistance training (RT) and aerobic

training (AT) compared with AT alone is well established in cardiac

rehabilitation (CR); however, it remains to be elucidated whether RT load (high

load [HL] vs. low load [LL]) modifies the outcomes. The aim of our study was to

investigate the effects of HL-RT and LL-RT combined with AT in comparison

to AT alone on body composition and physical performance in patients with

coronary artery disease (CAD) enrolled in phase II CR.

Methods: We randomized 79 patients with a stable CAD to 12 weeks of lower

limb LL-RT + AT (35–40% of one repetition maximum [1-RM]; n = 28), HL-

RT + AT (70–80% of 1-RM; n = 26), or AT (n = 25). Fifty-nine patients (75% men)

with mean (standard deviation) age 61 (8) years and left ventricular ejection

fraction 53 (9)% completed LL-RT (n = 19), HL-RT (n = 21) and AT (n = 19).

Body composition and physical performance (upper and lower submaximal

muscle strength, flexibility, balance, and mobility) were measured at baseline

and post-training.

Results: Training intervention had no significant impact on time × group

interaction in the body composition measures. There was a significant

time × group interaction for the gait speed test, chair sit-and-reach test, arm

curl test, Stork balance test, up and go test, STS-5, and 6-min walk distance

(p-values ≤ 0.001–0.04) following the training intervention. After the training
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intervention, HL-RT improved gait speed (+12%, p = 0.044), arm curl (+13%,

p = 0.037), and time of Up and Go test (+9%, p < 0.001) to a greater extent

compared with AT group, while there was a greater improvement in time of

Up and Go test (+18%, p < 0.001) and time of five sit-to-stand tests (+14%,

p = 0.016) following LL-RT when compared with AT. There were no differences

between HL-RT and LL-RT in post-training improvement in any of the physical

performance measures.

Conclusion: The combination of AT with HL-RT or LL-RT promoted similar

improvements in physical performance, which were superior to AT. Therefore,

both types of combined AT and RT can be applied to patients with CAD.

Clinical trial registration: [https://clinicaltrials.gov/ct2/show/NCT04638764]

Identifier [NCT04638764].

KEYWORDS

strength training, cardiac rehabilitation, myocardial infarction, muscle strength,
mobility, balance

Introduction

Cardiac rehabilitation (CR) is recognized as a
multidisciplinary intervention for secondary prevention
and treatment of patients with coronary artery disease (CAD)
(1–3), wherein exercise training presents a core component.
Over the years, exercise training in CR has evolved from the
single exercise modality intervention predominately based on
aerobic training (AT) (4) to a multicomponent intervention
consisting of AT and resistance training (RT), with flexibility,
coordination, and balance training advised as adjunct training
modalities (1).

In the past two decades, meta-analyses have shown the
superior effects of combined AT with RT on maximal aerobic
capacity (5, 6) and muscle strength (5–7) when compared with
AT in patients with CAD. Despite being understudied in CR,
high load (HL) RT has shown similar superiority as progressive
low load (LL) to moderate load RT over AT alone (6). While the
efficacy of combined RT and AT has been established, the dose-
dependent relationship between RT load and improvement in
physical performance remains to be established in patients with
CAD. In healthy young and older adults, HL-RT (e.g., >70%
of one repetition maximum [1-RM]) induced greater gains in
maximal muscle strength (8, 9) and physical performance (8)
compared with LL-RT (<40% of 1-RM) and had a similar
effect on muscle hypertrophy (9). Therefore, we expect similar
findings to be established also in patients with CAD.

To date, previous studies have reported changes in body
composition (10–13) and physical performance (14) following
combined AT and RT when compared with AT in patients with
CAD. Despite conflicting results, some studies have shown an
improvement in hip and waist circumference (14, 15), and body

fat (10, 11) following both training modalities, while lean body
mass increased only following combined AT and RT (11, 12).
When comparing both training interventions, there were no
differences in the waist and hip circumference (14, 15) and
body fat mass (10), whereas only one study showed a greater
increase in lean body mass following AT and RT in relation to
AT (13). In addition, this study also showed a dose-dependent
relationship between the weekly volume of RT (two vs. three
weekly sessions) and improvement of lean leg mass following
AT and RT compared with AT.

Furthermore, screening of physical performance following
multicomponent exercise training has been limited in patients
with CAD, despite a high prevalence of frailty and sarcopenia,
especially among older patients (16). All available studies have
shown improvement in flexibility (11, 15) in all training groups,
while submaximal muscle strength improved only following
combined AT and RT (7, 14). In addition, studies showed no
between-group difference in flexibility (11, 15), and greater
improvement in upper and lower limb submaximal muscle
strength following combined AT and RT (13, 14). Moreover, it
still must be established whether the combination of RT and AT
provides additional benefits on submaximal endurance (e.g., 6-
min walk test [6MWT]) compared with AT alone, which was
previously associated with improved distance of 6MWT (17).

The aim of the study was to establish whether the dose-
dependent relationship between RT load (HL- and LL-RT) and
improvement in body composition and physical performance
existed. Therefore, we hypothesized that HL-RT and LL-
RT would elicit greater improvement of submaximal muscle
strength and endurance, and greater decrease in body fat
mass and an increase in lean body mass when compared
with AT. In addition, we also hypothesized that HL-RT would
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provide greater gains in lower limb submaximal strength
compared with LL-RT.

Materials and methods

Study design

In this randomized controlled clinical trial, patients with
CAD were randomly assigned to three intervention groups
using cluster randomization: HL-RT combined with interval
AT; LL-RT combined with interval AT; and interval AT alone
as standard care. The study was designed in accordance
with Consolidated Standards of Reporting Trials (18) and
the rationale and design of the study are available elsewhere
(19). In line with standard procedures in CR, we used cluster
randomization (sealed envelope for each randomized cluster)
to allocate patients to each training group. We randomized
between 3 and 5 patients to each cluster, depending on the
Coronavirus-2019 hospital restrictions.

This study presents prespecified secondary outcomes of a
randomized controlled clinical trial (19), while the primary
outcomes were reported elsewhere (20). The outcomes of the
study were: changes in physical performance (submaximal
muscle strength, mobility, endurance, balance, and flexibility)
and body composition (body mass, waist and hip circumference,
lean and fat mass, and phase angle). The outcomes of the study
were assessed by an experienced kinesiologist, which was not
blinded to group allocation due to the protocols of routine CR
during the Coronavirus-19 pandemic.

The measurements were conducted at baseline and after
36 training sessions. In addition to extensive baseline medical
examination by a cardiologist and cardiopulmonary exercise test
(CPET) performed on a separate day, all other outcomes of the
study were assessed during a single visit to the out-patient CR
center. On the measurement day, we first measured patients‘
body composition, followed by flexibility tests, mobility test,
upper and lower limb muscle strength test, familiarization of
patients with RT on the leg press machine, and finished with a
submaximal endurance test in a fatigue minimized order.

Participants

We recruited patients with a stable CAD (after
acute coronary syndrome and/or percutaneous coronary
intervention) from the Division of Cardiology, General
Hospital Murska Sobota, Slovenia. Only patients 18–85 years
old, with left ventricular ejection fraction ≥ 40%, documented
CAD (acute coronary syndrome and/or percutaneous coronary
intervention about 1 month after event or procedure),
referred to phase II CR and with the completed baseline
cardiopulmonary exercise test were included in the study (1).

Exclusion criteria were in accordance with the previous
recommendation and are available elsewhere (17, 19).
Recruitment of patients started in July 2020 and was
completed in June 2021.

Training protocol

Patients performed three exercise sessions per week for
12 weeks or until the completion of 36 sessions), with at least
48 h rest between sessions. Each training session consisted of
three periods: general warm-up (10 min dynamic flexibility
exercises followed by calisthenics using elastic bands and/or
LL dumbbells and balance exercises), main period (45 min
of AT and 10 min of RT), and cool-down period (5 min
static stretching and breathing exercises). After a general
warm-up, patients in all three groups performed aerobic
interval cycling (3–5 min of workload cycling separated
by 2 min of rest) progressing from 50% of maximal
peak power achieved at baseline CPET to 80% of peak
power (19).

In addition, patients in both RT groups performed a total
of 36 sessions on a leg press machine (three measurements of
1-RM and 33 RT sessions). Both RT groups differed in training
load, whereas the training volume was matched by the number
of repetitions. The range of repetitions and progression of RT
followed previously published recommendations (1, 17, 21, 22).
The workload in the HL-RT group progressed from the initial
three sets at an intensity of 70% of 1-RM (6–11 repetitions per
set) to 80% of 1-RM (6–8 repetitions per set). The workload in
the LL-RT group progressed from the initial three sets at an
intensity of 35% of 1-RM (12–22 repetitions per set) to 40%
of 1-RM (12–16 repetitions per set). During the eighth week
of training (on 22nd training session), patients’ 1-RM was re-
evaluated in all three groups and the new 1-RM was used to
prescribe RT for the final part of the intervention. During the
final 4 weeks of training, the load in the HL-RT group was
progressed from 70% 1-RM (11 repetitions per set) to 80% 1-
RM (6–8 repetitions per set), and the load the in LL-RT group
progressed from 35% 1-RM (22 repetitions per set) to 40% 1-
RM (12–16 repetitions per set). A lifting cadence of 1 s: 1 s
(concentric and eccentric contraction) was used, with 90 s rest
between sets (23). Patients were familiarized with proper lifting
techniques and were instructed to inhale during the eccentric
contraction and exhale during the concentric contraction to
avoid the Valsalva maneuver (17, 21).

Patients’ safety was ensured with continuous monitoring
of heart rate and blood pressure before, during, and after
each training modality. The intervention was guided by a
kinesiologist, while safety was ensured by a medical nurse and
physiotherapist, with a cardiologist available for consultations
on-site. Additional safety procedures are in detail described
elsewhere (19).
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Measurements

Cardiopulmonary exercise test
Maximal aerobic capacity was assessed using an adjusted

ramp protocol (24) on a Schiller ERR 911 ergometer and a
Cardiovit CS-200 excellence ergo-spirometer (Schiller, Baar,
Switzerland) to determine workload for AT. After short
instruction, patients completed a spirometry test. Afterward, we
determined patients‘ baseline heart rate, blood pressure, and
gas exchange in a seated position. The test was initiated with
patients who started cycling without workload for 3 min at 50–
60 rpm, followed by increasing workload every minute for an
additional 10–25 W until exhaustion and/or exercise-limiting
contraindications. The test was conducted by a kinesiologist and
supervised by a medical nurse.

Measurements of body composition
Body height and mass were measured on Marsden DP3810

weighing scale and stadiometer (Marsden Weighing Group,
Rotherham, United Kingdom); and waist and hip circumference
were measured with a standard measuring tape. Waist
circumference was measured midpoint between lowest rib and
the iliac crest, and the hip circumference was measured in the
widest part of the gluteal region. The average circumference out
of two measurements was used in the final analysis (14).

Body composition was assessed in the morning (before
10 a.m.) using bioimpedance measurement with a Bodystat
Quadscan 4000 Touch (Bodystat, Douglas, Isle of Man,
United Kingdom) with patients lying in a supine position after
10 min rest. Electrodes were connected to the hands (wrist
and middle finger) and feet (ankle and above the knuckle of
the toe) after those areas were cleaned with alcohol. Patients
were asked to be fasted and to report their fluid intake prior
to measurement. Post-training assessment of body composition
was performed during the same time of the day as during
the baseline assessment (±2 h). Outcome measures were body
fat, lean body mass, and phase angle (ratio between cellular
[intracellular and extracellular] resistance and membrane-
specific reactance) as a marker of cellular health (25). All
body composition variables were calculated according to the
manufacturer’s guidelines using height, mass, waist and hip
circumference, age, and sex data.

Measurement of maximal leg strength
Patients underwent leg-press familiarization and performed

submaximal strength tests using a Life Fitness Leg Press Pro
2 (Life Fitness Inc., Rosemont, IL, United States). Following
standard warm-up (see section “Training protocol”), patients
were familiarized with proper lifting techniques and leg press
testing. During the measurement, patients performed a specific
warm-up comprising of eight and six repetitions at 50 and 70%
of their perceived 1-RM, respectively. After short rest, the weight
was progressively increased until reaching the workload that

can be lifted three to five times (3–5 RM). There was a 2–
3 min rest between the trials (22). The 1-RM was calculated
using the established 1-RM prediction equation (predicted
1-RM = maximal load lifted/1.0278–0.0278 × number of
repetitions) (26).

Measurement of physical performance
Patients underwent extensive evaluation of physical

performance to evaluate mobility, submaximal muscle strength,
upper and lower limb flexibility, postural balance, and
submaximal endurance, using a 4 m spontaneous gait speed
test, hand grip test, arm curl test, five repetition sit-to-stand test
(STS-5), back scratch test, chair sit-and-reach test, up and go
test, Stork balance test, and 6MWT distance (27, 28).

Mobility, flexibility, gait speed, and balance

The usual-pace gait speed test was conducted on a 4 m track,
and the best time of two measurements was used for further
calculation of speed (28).

The Up and Go test was performed two times with 60 s
of break between trials on 8 feet track (2.44 m), and the time
required to get up from a seated position, walking, and turning
at 2.44 m, and returning to a seated position was used in the final
analysis (27).

The back scratch test and the chair sit-and-reach test
assessed the flexibility of upper limb and lower limbs,
respectively (27). In the back scratch test, the distance between
fingers was measured two times, and the nearest distance
was used as an outcome (negative value was marked when
middle fingers could not touch each other, otherwise the result
presented a positive value).

In the chair sit-and-reach test, the distance between the
extended tip of middle finger and the tip of toe in the forward
bend sitting position was measured two times on each leg, and
the nearest distance was used in the final analysis (positive
value = middle finger reached over the tip of toe, otherwise the
result presented a negative value) (27).

The Stork balance test was measured while patients
maintained the position on one leg with their hips on the hips
and the other foot against the medial side of the knee of the
stance leg. The best time (in seconds) out of three trials was used
in the final analysis (29).

Submaximal muscle strength and endurance

The hand grip strength test was assessed using the
Jamar Smart Hand dynamometer (Patterson Medical Ltd.,
Warrenville, IL, United States). Patients performed three
repetitions, with 60 s of rest in a sitting position with an elbow
flexed at a 90◦ angle. The highest value expressed in kg was
included as an outcome (30).

The upper limb strength-endurance was assessed using the
arm curl test, and patients were instructed to perform a maximal
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number of elbow flexions in 30 s. A dumbbell weight of 2.27 and
3.63 kg was used for women for men, respectively (27).

STS-5 estimated lower limb muscle strength and was
performed two times, with a 60 s of rest. The fastest time of the
fifth stand was used as an outcome (28).

The one-leg heel raise test was performed until exhaustion
on a step wearing sports shoes (without heel), with fingertip
touching the wall at shoulder height, knee fully extended, and
the non-dominant leg held above the floor. A cadence of 60 heel
raise cycles/min was used and the maximal number of correctly
repeated heel raises was used as an outcome (31).

The 6-min walk test (6MWT) was performed on a 30 m
track, and the total distance measured to the nearest meter was
included as an outcome. Before and after the test, we measured
heart rate, blood oxygen saturation, and blood pressure, and
patients reported Borg dyspnea score on a 0–10 points scale
(32, 33).

Statistical analysis

The initial sample size calculations were based on mean
changes (post-training – baseline values) in aerobic capacity or
isometric maximal knee-extensor torque (primary outcomes)
when comparing the effects of combined AT with either HL-RT
or LL-RT with standard care (AT), and the exact calculations are
available elsewhere (19, 20). Since we prespecified the analysis
of the secondary outcomes in our study protocol (19), we
also performed sample size calculations for the present sub-
analysis. The calculations were based on previously reported
mean changes in the Up and Go test when comparing the
effect of HL-RT with LL-RT in older healthy adults. Calculations
showed that at least 15 patients with CAD (5 patients per group)
needed to be enrolled to detect a mean change of 0.6 s in the up
and go test, assuming a statistical power of 0.90 (β = 0.10) and
α = 0.05 (34).

Categorical variables are presented as numbers and
percentages, and numerical variables are presented as
means and standard deviations or median and interquartile
(asymmetrically distributed variables). We screened all numeric
variables for the normality of distribution (Shapiro–Wilk
test), and homogeneity of variances (Levene’s test). The final
analysis was performed according to per-protocol analysis,
including all patients with completed 24–36 sessions (19).
We assessed between-group differences in baseline and post-
training change (% change = post-training value - baseline
value/baseline value × 100%) using the one-way analysis of
variance (ANOVA) or Kruskal–Wallis test (for asymmetrically
distributed variables). In addition to both tests, we performed
post hoc analysis using the Tukey or Bonferroni test. The effect
of training intervention was calculated using unbalanced group
two-way repeated measures ANOVA or analysis of covariance
(ANCOVA), when analysis of baseline measures indicated

a significant between-group difference. We used Bonferroni
adjustment within two-way ANOVA to calculate the within-
group effects of training intervention. In addition to ANCOVA,
we assessed the within-group improvement following training
intervention using the paired sample t-test or the Wilcoxon test,
where necessary. Partial eta squared was used to calculate the
effect size of each variable. The analysis was conducted using
IBM SPSS 25 software (SPSS Inc., Armonk, NY, United States)
at the level of statistical significance set at alpha < 0.05.

Results

We screened 154 patients with CAD and included 79
patients in the study (Figure 1). Fifty-nine patients were
included in the final analysis, age = 61 (8) years, height = 172.1
(8.4) cm, weight = 85.47 (15.43) kg, and left ventricular
ejection fraction = 53 (9)%. Patients were enrolled 2 (1.5–
3.0) months post-acute coronary syndrome or percutaneous
coronary intervention in the study. At baseline, there were no
between-group differences in baseline body height and weight,
clinical characteristics, smoking status, and pharmacological
therapy (Table 1). Atrial fibrillation was more prevalent in the
AT group than in HL-RT and LL-RT groups (p = 0.038).

All measurements and the training intervention
were performed without major cardiovascular
events or complications (e.g., angina pectoris, blood
pressure > 220/110 mmHg, palpitation, atrial fibrillation,
arrhythmias, etc.). With the exception of some reports of the
delay onset of muscle soreness following the baseline heel raises
test and the 1-RM test, no exercise-limiting musculoskeletal
problems were noted.

All patients completed all 36 sessions to out-patient CR
apart from two patients in the HL-RT group with 24 completed
sessions. Adherence to AT (one patient completed 35 sessions
in AT group; one patient completed 34 sessions; and four
patients completed 35 sessions in the LL-RE group; two patients
completed 35 sessions in the HL-RT group) and RT (one
patient completed 35 sessions) was high, with no between-group
difference in adherence to AT (p = 0.240) and RT (p = 0.475).

Table 2 presents the change in body composition following
training intervention in all groups. At baseline, there was
a significant difference between groups in hip circumference
(LL-RT vs. AT = −7.7 cm, p = 0.017) and fat mass (LL-RT
vs. AT = −8.20 kg, p = 0.035). When adjusted for baseline
difference, there were no significant differences between groups
in post-training hip circumference and fat mass. Two-way
repeated measures ANOVA has demonstrated a significant time
effect for waist circumference, hip circumference, waist to hip
ratio, fat mass, and lean mass (p-values = < 0.001–0.002,
η2 = 0.166–0.896), and no significant time × group interaction
for none of the body composition variables. There was a
decrease in waist circumference in the LL-RT group (−2.5 cm,
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FIGURE 1

CONSORT flowchart of the study. HL-RT, high load-resistance training; LL-RT, low load-resistance training; CON, aerobic training; COVID-19,
Coronavirus-19.

p = 0.001) and borderline decrease in HL-RT (−1.4 cm,
p = 0.056) following the training intervention. AT group
significantly increased fat% (+1%, p = 0.048), decreased lean
mass% (−1%, p = 0.048), and lean mass (−1.05 kg, p = 0.016)
following the training intervention. When comparing the
groups in post-training improvement (% change), there was no
significant difference in any of the body composition variables.

All training groups had a similar level of baseline
physical performance (Table 3), with the exception of
the heel raise test (LL-RT vs. AT = + 8 repetitions,

p = 0.012). When adjusted for baseline difference, AT group
performed significantly less heel raises compared with the
LL-RT group (adjusted mean difference = 6 repetitions,
p = 0.022) and HL-RT group (adjusted mean difference = 7
repetitions, p = 0.002) following the training intervention.
Two-way repeated measures ANOVA has demonstrated a
significant time effect for all physical performance tests (all
p < 0.001, η2 = 0.235–0.708), and a significant time × group
interaction for the gait speed test, chair sit-and-reach test,
arm curl test, Stork balance test, up and go test, STS-5
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TABLE 1 Baseline anthropometry, clinical characteristics, and cardiovascular risk factors.

Sample (n = 59) AT group
(n = 19)

LL-RT group
(n = 19)

HL-RT group
(n = 21)

P (ANOVA)

Age (years) 61 (8) 61 (9) 61 (7) 62 (8) 0.910

Gender [males, (%)] 44 (75) 14 (74) 15 (79) 15 (71) 0.931

Anthropometry

Height (cm) 172.1 (8.4) 170.4 (8.8) 172.8 (8.6) 172.9 (7.9) 0.582

Weight (kg) 85.47 (15.43) 90.94 (19.04) 81.46 (13.37) 84.15 (12.56) 0.148

Clinical data

LVEF (%) 53 (9) 50 (45, 60) 55 (50, 60) 50 (45, 58) 0.454

Time from clinical event to
inclusion to CR (months)

2.0 (1.5, 3.0) 2.0 (2.0, 2.5) 2.5 (1.5, 3.0) 2.0 (1.5, 2.8) 0.832

Myocardial infarction, f (%)

NSTEMI 25 (42) 9 (47) 8 (42) 8 (38)

STEMI 24 (41) 7 (37) 7 (37) 10 (48) 0.947

Unstable AP/PCI 10 (17) 3 (16) 4 (21) 3 (14)

Comorbidities and risk factors

Arterial hypertension 41 (70) 15 (79) 11 (58) 15 (71) 0.383

Hyperlipidaemia 49 (83) 16 (84) 14 (74) 19 (91) 0.384

Diabetes 9 (15) 4 (21) 3 (16) 2 (10) 0.602

Atrial fibrillation 5 (9) 4 (21) 1 (5) 0 (0) 0.038

Thyroid disease 5 (9) 2 (11) 2 (11) 1 (5) 0.727

Renal disease 4 (7) 0 (0) 2 (11) 2 (10) 0.534

Smoking, f (%)

non-smoker 14 (24) 3 (16) 3 (16) 8 (38)

ex-smoker 35 (59) 13 (68) 11 (58) 11 (52) 0.346

smoker 10 (17) 3 (16) 5 (26) 2 (10)

Pharmacological therapy, f (%)

Aspirin 57 (97) 17 (90) 19 (100) 21 (100) 0.200

Beta blocker 59 (100) 19 (100) 19 (100) 21 (100) 1.000

ACE inhibitor/ARB 58 (98) 19 (100) 18 (95) 21 (100) 0.644

Statin 59 (100) 19 (100) 19 (100) 21 (100) 1.000

Antiplatelet drug 58 (98) 18 (95) 19 (100) 21 (100) 0.644

Anticoagulation drug 5 (9) 3 (16) 1 (5) 1 (5) 0.509

Diuretic 5 (9) 4 (21) 0 (0) 1 (5) 0.071

Data are presented as mean (standard deviation) or as median (first quartile, third quartile), AT, aerobic training; LL-RT, low load resistance training; HL-RT, high load resistance
training; LVEF, left ventricular ejection fraction; (N)STEMI, (non-) ST segment-elevated myocardial infarction; AP, angina pectoris; PCI, percutaneous coronary intervention; ACE,
angiotensin-converting enzyme; ARB, angiotensin II receptor blockers.

and 6MWT distance (p-values = < 0.001–0.04, η2 = 0.108–
0.350).

HL-RT and LL-RT significantly improved gait speed (both
p < 0.001), upper limb flexibility (LL-RT, p = 0.003; HL-RT,
p = 0.030), hand grip strength (LL-RT, p = 0.003; HL-RT,
p < 0.001), and time of Up and Go test (both p < 0.001)
following training intervention. All training groups significantly
improved lower limb flexibility (AT, p = 0.023; LL-RT, p< 0.001;
HL-RT, p < 0.001), upper limb strength (AT, p = 0.007; LL-
RT, p < 0.001; HL-RT, p < 0.001), postural balance (AT,
p = 0.009; LL-RT and HL-RT, both p < 0.001), time of STS-
5 (AT, p = 0.026; LL-RT and HL-RT, both p < 0.001), heel
raises (AT, p = 0.002; LL-RT and HL-RT, both p < 0.001), and
6MWT distance (all groups, p < 0.001). There was significantly

greater improvement in gait speed (+12%, p = 0.044), upper
limb strength (+13%, p = 0.037), Up and Go test time (+9%,
p < 0.001), and borderline improvement STS-5 time (+9%,
p = 0.056) in HL-RT group compared with AT group. In
addition, Up and Go test time (+18%, p< 0.001) and STS-5 time
(+14%, p = 0.016) were improved significantly more in LL-RT
group compared with AT group.

Discussion

To our knowledge, this is the first study to compare
the effects of HL-RT and LL-RT in a combination with
AT on body composition and physical performance in

Frontiers in Cardiovascular Medicine 07 frontiersin.org

https://doi.org/10.3389/fcvm.2022.909385
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-909385 August 18, 2022 Time: 15:57 # 8

Kambic et al. 10.3389/fcvm.2022.909385

TABLE 2 Body composition at baseline and post-training.

2-way ANOVA/ANCOVA
N Baseline Post-training % change P (% change) Time

effect/Effect of
baseline

Interaction/Post-
training

difference
Weight (kg) AT 19 90.94 (19.04) 90.49 (17.87) 0 (4) p = 0.187 p = 0.974

LL-RT 19 81.46 (13.37) 80.91 (13.90) −1 (4) 0.775 η2 = 0.031 η2 = 0.001

HL-RT 21 84.15 (12.56) 83.47 (13.48) −1 (3)

Waist (cm) AT 19 108.9 (14.5) 107.7 (13.6) −0 (−3, 1) p < 0.001 p = 0.381

η2 = 0.216 η2 = 0.034LL-RT 19 99.9 (10.2) 97.3 (10.4) −3 (−5, 0) 0.140

HL-RT 21 101.7 (10.1) 100.3 (10.5) −2 (−2, −0)

Hip (cm) AT 19 109.6 (10.1) 109.4 (8.6) −1 (−2, 1) p < 0.001 p = 0.370

LL-RT 19 101.9 (5.1) 101.5 (5.5) −2 (−4, 0) 0.611 η2 = 0.896 η 2 = 0.036

HL-RT 21 104.8 (6.5) 104.4 (6.5) −2 (−2, 0)

WHR AT 19 0.99 (0.07) 0.98 (0.08) 0 (−2, 2) p < 0.001 p = 0.155

LL-RT 19 0.98 (0.07) 0.96 (0.07) 0 (−2, 0) 0.079 η2 = 0.254 η2 = 0.064

HL-RT 21 0.97 (0.06) 0.96 (0.06) −1 (−1, 1)

Fat (%) AT 19 28.2 (9.2) 29.2 (8.7) 5 (8) p = 0.500 p = 0.138

LL-RT 19 22.3 (4.7) 22.0 (5.2) −2 (11) 0.104 η2 = 0.008 η2 = 0.070

HL-RT 20 24.9 (8.4) 24.7 (7.6) 1 (9)

Fat (kg) AT 19 26.0 (11.0) 26.7 (10.3) 5 (12) p < 0.001 p = 0.095

η2 = 0.900 η2 = 0.083LL-RT 19 17.8 (3.3) 17.6 (4.5) −2 (14) 0.157

HL-RT 20 21.0 (8.3) 20.5 (7.5) −1 (11)

Lean (%) AT 19 71.8 (9.2) 70.8 (8.7) −2 (−3, 1) p = 0.497 p = 0.139

LL-RT 19 77.7 (4.7) 78.0 (5.2) 1 (−2, 3) 0.086 η2 = 0.008 η2 = 0.069

HL-RT 20 75.1 (8.4) 75.3 (7.6) 0 (−2, 3)

Lean (kg) AT 19 64.9 (13.6) 63.9 (13.1) −2 (3) p = 0.002 p = 0.354

LL-RT 19 63.6 (12.5) 63.3 (12.4) 0 (2) 0.372 η2 = 0.166 η2 = 0.037

HL-RT 20 63.4 (11.7) 62.4 (11.5) −2 (3)

Dry lean (kg) AT 19 14.3 (4.1) 14.3 (4.0) 1 (3) p = 0.168 p = 0.322

LL-RT 19 14.2 (3.9) 14.0 (3.9) −1 (4) 0.181 η2 = 0.034 η2 = 0.040

HL-RT 20 14.3 (4.2) 14.1 (4.3) −2 (5)

Phase angle (◦) AT 19 6.5 (1.0) 6.5 (0.7) 2 (8) p = 0.138 p = 0.755

LL-RT 19 6.8 (0.9) 6.8 (1.0) 1 (5) 0.663 η2 = 0.040 η2 = 0.010

HL-RT 20 6.4 (0.8) 6.5 (0.9) 2 (7)

Data are presented as mean (standard deviation) or as median (first quartile, third quartile). WHR, waist to hip ratio, LL-RT, low load resistance training, HL-RT, high load resistance
training, AT, aerobic training, ANOVA, analysis of variance, ANCOVA, analysis of covariance, and η2 , partial eta squared (effect size). Text in bold presents ANCOVA results.

patients with CAD. HL-RT and LL-RT decreased only
waist circumference and waist-to-hip circumference ratio
following training; however, this was not significantly
different compared with AT. All training modalities
induced favorable effects on flexibility, upper and lower
body submaximal muscle strength, and balance. HL-RT
improved gait speed and upper body muscle strength
to a greater extent compared with AT alone, whereas
both HL-RT and LL-RT were associated with greater
improvement of STS-5 time.

Previous studies have shown conflicting results of combined
AT and RT on anthropometry. One study has shown a similar
decrease in waist-to-hip circumference ratio following HL-RT
(−0.01) (14) as was observed in our study following HL-RT

(−0.01) and LL-RT (−0.02), with no differences when compared
with AT. In contrast, the addition of LL-RT to AT failed to
induce any changes in waist circumference (13). Similar to our
study, previous studies failed to establish the effect of combined
AT with RT on body mass (13, 35). Furthermore, combined AT
and RT were associated with a decrease in fat mass or fat%(11–
13, 35), which was in most studies greater compared with AT
(11, 13, 35). On the contrary, we have observed an increase in fat
mass% following AT, whereas fat mass% remained unchanged
following HL-RT and LL-RT. This discrepancy can be explained
by a greater energy requirement needed to maintain body
mass while performing RT. In healthy older adults, the energy
requirements for engagement in HL-RT increased by nearly
15% (36).

Frontiers in Cardiovascular Medicine 08 frontiersin.org

https://doi.org/10.3389/fcvm.2022.909385
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-909385 August 18, 2022 Time: 15:57 # 9

Kambic et al. 10.3389/fcvm.2022.909385

TABLE 3 Physical performance at baseline and post-training.

2-way ANOVA/ANCOVA
N Baseline Post-training % change P (%change) Time

effect/Effect of
baseline

Interaction/
Post-training

difference
Up and Go test AT 19 4.90 (0.79) 4.74 (0.76) −7 (−10, 7) p < 0.001 p < 0.001

LL-RT 19 5.43 (1.36) 4.08 (0.81) −25 (−33, −20) 0.000 η2 = 0.634 η2 = 0.350

HL-RT 21 5.18 (0.95) 4.27 (0.70) −16 (−25, −9)

Gait speed (m/s) AT 19 1.32 (0.26) 1.37 (0.26) 2 (−6, 14) p < 0.001 p = 0.035

LL-RT 19 1.34 (0.19) 1.53 (0.21) 9 (1, 32) 0.041 η2 = 0.397 η2 = 0.113

HL-RT 21 1.31 (0.17) 1.50 (0.20) 14 (3, 23)

Stork balance test (s) AT 19 59.25 (49.44) 81.46 (62.34) 32 (7, 138) p < 0.001 p = 0.018

LL-RT 19 67.79 (47.24) 116.56 (69.69) 62 (34, 119) 0.213 η2 = 0.588 η2 = 0.134

HL-RT 21 59.93 (44.74) 113.19 (75.34) 77 (42, 164)

Back scratch test
(cm)

AT 19 −13 (15) −11 (12) Na p < 0.001 p = 0.668

LL-RT 19 −10 (10) −6 (11) Na Na η2 = 0.235 η2 = 0.014

HL-RT 21 −10 (12) −7 (13) Na

Chair Sit-and-reach
test (cm)

AT 19 2 (11) 5 (9) Na p < 0.001 p = 0.020

LL-RT 19 0 (13) 7 (12) Na Na η2 = 0.545 η2 = 0.130

HL-RT 21 −3 (12) 4 (11) Na

Sit-and-Reach test
(cm)

AT 19 14 (11) 16 (11) Na p < 0.001 p = 0.083

LL-RT 19 15 (11) 19 (11) Na Na η2 = 0.475 η2 = 0.085

HL-RT 21 10 (13) 15 (10) Na

Hand grip strength
(kg)

AT 19 42.2 (9.7) 44.3 (10.2) 6 (2, 13) p < 0.001 p = 0.397

LL-RT 19 43.4 (12.0) 47.2 (10.2) 7 (−1, 24) 0.886 η2 = 0.311 η2 = 0.034

HL-RT 21 42.5 (11.8) 46.8 (11.5) 8 (−1, 12)

Arm curl test (reps) AT 19 22 (6) 24 (6) 10 (15) p < 0.001 p = 0.009

LL-RT 19 25 (6) 29 (4) 18 (18) 0.039 η2 = 0.605 η2 = 0.154

HL-RT 21 22 (6) 27 (6) 23 (13)

STS-5 test (s) AT 19 8.55 (1.30) 7.77 (1.04) −9 (10) p < 0.001 p = 0.020

LL-RT 19 8.73 (2.25) 6.54 (1.10) −20 (16) 0.012 η2 = 0.517 η2 = 0.130

HL-RT 21 8.35 (2.13) 6.79 (1.45) −16 (13)

Heel raise test (reps) AT 19 16 (7) 20 (8) 25 (6, 36) p < 0.001 p = 0.002

LL-RT 19 24 (10) 32 (8) 26 (16, 45) 0.056 η2 = 0.598 η2 = 0.209

HL-RT 21 19 (7) 29 (10) 36 (25, 72)

6-MWT (m) AT 19 508 (89) 554 (84) 10 (1, 15) p < 0.001 p = 0.041

LL-RT 19 531 (90) 613 (79) 15 (8, 22) 0.158 η2 = 0.708 η2 = 0.108

HL-RT 21 523 (83) 592 (86) 12 (7, 19)

Data are presented as mean (standard deviation) or as median (first quartile, third quartile). STS, sit-to-stand test five times; 6MWT, 6-min walk test; LL-RT, low load resistance training;
HL-RT, high load resistance training; AT, aerobic training; Na, not applicable; ANOVA, analysis of variance; ANCOVA, analysis of covariance, and η2-partial eta squared (effect size). Text
in bold presents ANCOVA results.

Oppositely to our expectations, HL-RT and LL-RT failed
to induce changes in lean body mass and lean body mass%, as
reported in the previous studies (11–13, 35). The majority of
the available studies on patients with CAD have demonstrated
a greater increase in lean body mass following combined RT
and AT when compared with AT (11–13, 35). The improvement
in lean body mass compared with AT was greater following
progressive moderate- to HL-RT (13) or HL-RT (11). In
addition, one of the previous studies also showed that a higher
weekly frequency of RT (three times vs. once a week) evoked
greater gains in lean body mass (13), indicating a potential

dose-dependent response of combined RT and AT. In light
of previous findings, our results suggest that applying only
one resistance exercise (e.g., leg press) in the RT regime failed
to provide adequate stimulus for muscle hypertrophy, as was
demonstrated in previous studies, which used whole-body
resistance exercises (11, 13, 35) and longer RT interventions
(24 weeks–1 year) (13, 35). Furthermore, the phase angle was
established to be positively associated with physical activity
following exercise interventions, while it is still unknown
which exercise modality or intensity may provide the greatest
benefit (37). Our study showed that neither HL-RT nor LL-RT
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when combined with AT did not induce favorable changes.
At baseline, the phase angle was high; thus, none of the
patients were classified as sarcopenic (cut-off: < 4.25◦ for men
and < 4.55◦ for women) (25). This likely reduced its sensitivity
to post-training change in already well-conditioned patients
with CAD. Therefore, it seems that this measure is more suitable
for frail patients with cardiovascular disease.

The use of physical performance measures remains limited
in an age and cardiovascular diagnosis diverse population of
patients enrolled in CR (38). Physical performance assessments
were mostly used in older patients enrolled in CR (39,
40) and were shown to be safe and feasible (40), with no
differences in physical performance levels between minimal
(e.g., percutaneous coronary intervention) and more invasive
cardiovascular intervention (e.g., coronary artery bypass
grafting, aortic valve replacement) (40). In addition to the
assessment of maximal aerobic capacity and maximal muscle
strength (20), our study was the first to implement an extensive
assessment of different physical abilities in middle-aged patients
with CAD. Baseline physical performance in our sample of
patients was comparable to reference values of similarly aged
healthy older adults. For example, the hand grip strength
of our patients was between 42 and 43 kg which is in line
with reference values of German community-dwelling older
adults aged 65 years (men: 42 kg and women: 25 kg) (41).
The same observation was found for up and go test, in which
our patients even outperformed a healthy population between
60 and 69 years (4.9 s–5.43 s vs. 7.91 s) (42). The distance of
6MWT was above 500 meters which is the general cut-off for
a healthy population (43). Our findings, therefore, highlight
the importance of the actual physical performance of patients
with CAD, which is contrary to the perceptions of most health
professionals. Such clinical presumptions may underestimate
actual patient performance that reflects in suboptimal exercise
loading (during AT and especially RT) resulting in incomplete
exploitation of the therapeutic potential of exercise intervention
in patients with CAD.

Even though greater gains in physical performance were
observed in physically frail patients with cardiovascular disease
(39), our well-conditioned patients with CAD improved
physical abilities in most of the measured tests, with the
exception of gait speed, upper limb flexibility, and Up and
Go test time in AT group. We observed a similar increase
in gait speed as it was reported following combined AT
and very LL-RT in older patients enrolled in CR (39). In
addition, our study has also demonstrated that only HL-
RT elicited a greater increase in gait speed compared with
AT, indicating the importance of RT at higher intensities in
previously well-conditioned patients with CAD. Furthermore,
our study has shown an improvement in arm curl, STS-5, and
heel raises following all three training interventions, which is
partially in contrast to other studies (13, 14). Previous two
studies in patients with CAD have demonstrated a greater

improvement of upper and lower limb muscle endurance and
submaximal strength following combined AT and RT when
compared to AT, with no post-training changes following AT
(13, 14). In our study, the additional improvement in upper
and lower muscle strength in AT was potentially modified
by our extensive warm-up comprised of dynamic flexibility
exercises accompanied by calisthenics using low resistance
elastic bands or LL dumbbells. Nevertheless, the improvement
in lower limb submaximal muscle strength and mobility (e.g.,
time of the up and go test, time of STS-5, and heel raises)
was greater following HL-RT and LL-RT compared with AT,
similarly as reported previously (13, 14). Despite significant
improvement in heel raises in all three training groups,
only the improvement in LL-RT (+8 reps) and HL-RT (+10
reps) groups were clinically significant, as more than six heel
raises were previously established to detect a true change in
patients with CAD (44). In addition, the absence of difference
between RT groups in outcomes of submaximal muscle strength
additionally supports the importance of maximal muscle
strength assessment, whereas we showed superior effects of
HL-RT over LL-RT (20).

To date, studies that compared the effects of HL-RT and
LL-RT on body composition and various physical abilities
are limited only to healthy young and older adults (8, 9).
While the effects of HL-RT and LL-RT on body composition
remain unknown in (un)healthy older adults, a meta-analysis
has demonstrated similar effects of both RT modalities on
muscle hypertrophy in healthy young adults (9). Such findings
were also established in our study; however, the improvement
in muscle hypertrophy was lower and non-significant, most
likely due to the implementation of only a single lower
limb resistance exercise compared with multiple upper and
lower limb resistance exercises used in most of the previous
interventions (9). Furthermore, another systematic review with
meta-analysis comparing HL-RT and LL-RT has shown similar
effects of HL-RT and LL-RT on submaximal muscle strength
and endurance in healthy older adults (8), as demonstrated
in our study. The review also showed no differences in
flexibility between intensities, despite improvement in flexibility
following both training modalities (8). Moreover, studies in
patients with CAD have shown that RT combined with AT
did not provide additional improvements in flexibility (11,
15). These findings derived from elderly with and without
CAD are in line with our results, and collectively suggest
that the flexibility exercises performed usually during warm-
up and post-exercise sessions may present an adequate
stimulus for flexibility gains, regardless of addition and
intensity of RT.

Despite being advised as an adjunct exercise modality
(1), the implementation of balance assessments and exercises
remains underused in CR, with a scarce body of evidence on the
exact characteristics of balance training (39, 45). It seems that
the impact of the training intervention is solely related to the
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duration and complexity of balance training within the CR. In
older adults with CAD, the inclusion of few balance exercises
failed to promote post-training changes (39), while better
structured and progressive balance training implemented in
multimodal exercise intervention induced greater improvement
in balance test and time of Up and Go test compared with usual
care (45). In our study, the addition of complex balance exercises
in the warm-up phase of each exercise session enhanced the
effects of AT on the Stork balance test in all training groups
and has also enhanced greater benefits on time of Up and Go
test following HL-RT (+9%) and LL-RT (+18%) compared with
AT alone. Furthermore, RT is expected to improve submaximal
endurance time or distance in cardiovascular disease patients
(17), and most studies implementing RT in their exercise-
based CR measured 6MWT distance in elderly patients with
CAD (39) or patients with HF (46). Similar to our findings,
studies have shown an increase of 6MWT distance following
the training intervention, without differences between training
modalities (39, 46). Since all three training groups underwent
the same progressive AT, our results along with previous
studies suggest that AT alone promotes sufficient stimulus
for post-training changes in submaximal endurance and that
the inclusion of single lower limb RT exercise provides no
additional benefits.

Our study has some limitations. To date, no study has
compared the differences between HL-RT and LL-RT when
combined with AT in patients with CAD; thus, our study
was likely underpowered to detect post-training differences
between HL-RT and LL-RT in body composition and physical
performance. Nevertheless, our study presents one of the
largest interventions to compare the effects of combined RT
and AT in patients with CAD (5, 6). The assessments of
body composition in our study may be limited by the use of
bioimpedance, as it is well established that method compared
with dual-energy X-ray absorptiometry overestimates lean mass
and underestimates fat mass in middle aged to older healthy
adults (47). Moreover, the results of our study may also
be influenced by the selection of physical performance tests.
Despite choosing well-established physical performance tests
that were supposed to be most suitable to the age range
of patients enrolled in CR (≥65 years) (38), most patients
displayed excellent physical performance levels at baseline,
which minimized test sensitivity to post-training change.
Therefore, future studies should apply maximal assessments of
aerobic capacity and muscle strength, regardless of age and
conditioning levels of the patients to differentiate the effects
of HL-RT and LL-RT. Lastly, the addition of RT was limited
only to a single exercise (e.g., leg press machine); thus, the
inclusion of upper body, trunk, and calf resistance exercises
could yield additional beneficial changes in body composition
and whole-body submaximal muscle strength. However, this
was not possible due to Coronavirus-19 restriction and absence
of medical staff.

Conclusion

Our study has shown similar beneficial effects of HL-RT
and LL-RT when combined with AT on submaximal physical
performance during early CR for patients with CAD. Therefore,
LL-RT can be used as an alternative to HL-RT for exercise
intolerable patients with cardiovascular disease (patients with
frailty, sarcopenia, and/or co-existing chronic musculoskeletal
syndromes). Still, however, more research is needed to further
investigate the feasibility and efficacy of HL-RT over LL-
RT using multiple resistance exercises for upper and lower
limbs and trunk muscles with balance exercises as an adjunct
component. In addition, further research should target to study
such effects on older, frail, and/or sarcopenic patients with CAD
and heart failure, which would benefit the most from these
multimodal interventions in CR.
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