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Aerobic training is included to cardiac rehabilitation programs together with
resistance training. The effects of combined aerobic and resistance training
performed in a same session with different protocols on peak aerobic capacity
(VO2peak) and maximal dynamic strength (1RM: one repetition maximum) are not
well known. We compared the effectiveness of two different combined aerobic
and resistance training programs for 12 weeks performed three times in a week
in stable Coronary Artery Disease (CAD) patients (n=30) who had previously
performed aerobic training only. The patients were randomized to High VolumeLow Intensity Group (HLG) or Low Volume-High Intensity Group (LHG). Both
groups performed laboratory controlled aerobic exercise first (60min, 80% of
lactate threshold) followed by six major muscle group resistance exercises
(HLG: 30-35% of 1RM, 3 sets, 12 repetitions) or (LHG: 60-70% of 1RM, 3 sets,
6 repetitions). VO2peak remained at the baseline level for whole study group (23
± 6 vs. 24 ± 7 ml∙kg-1∙min-1, p=0.380) and the responses did not differ between
the HLG and LHG (p=0.891). Muscle strength increased when analyzed as one
group for both upper (Push Up; 24 ± 8 vs. 30 ± 7 kg, p <0.0001) and lower body
(Leg Extension; 20 ± 6 vs. 27 ± 6 kg, p <0.0001) with no difference between
subgroups (p=0.240 and p=0.504, respectively). As conclusion, combined
aerobic and resistance training in the same training session for 12 weeks
improved maximal strength independently of the intensity of resistance training.
These results highlight the importance of regular resistance training, even at
moderate intensity, for CAD patients in terms of physical performance and
independent living.
Keywords: Coronary heart disease; Combined aerobic and resistance
training; Rehabilitation
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CAD: Coronary Artery Disease; HLG: High Volume-Low Intensity
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Introduction
A comprehensive patient-tailored Cardiac Rehabilitation (CR)
programs have shown to improve the patient’s physical, psychological
and social condition [1,2]. Multidisciplinary CR approach focuses on
patient education, nutritional counseling, modification of the risk
factors, psychosocial management, individually tailored exercise
training and the overall well-being of patients [3-5]. Exercise
as a main component in CR reduces cardiac mortality, hospital
readmission [6,7], anxiety [8] and has shown to be cost-effective for
health care [9]. Therefore, exercise-based CR should be referred to an
early program [10] soon after the discharge for patients with acute
coronary syndrome, cardiac surgery, or percutaneous intervention to
maximize health benefits [11,12].
Aerobic training is widely included to CR programs together with
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resistance training [1]. Combined aerobic and resistance training
versus aerobic training alone in coronary artery disease patients
has shown to be more effective in improving body composition,
maximal muscle strength and cardiorespiratory fitness with equally
safe compared to aerobic training only [13]. Furthermore, for
cardiorespiratory fitness, longer session duration and shorter postcoronary artery disease period are associated with better outcome,
whereas for muscle strength, higher training volume, longer postcoronary artery disease period and younger age are associated with
better outcome. Additionally, no significant difference has been
shown in effect expressed as maximal aerobic capacity or muscle
strength between training for ≤12 weeks and >12 weeks, training ≤2
days per week and ≥3 days, and with moderate and high intensity of
aerobic and resistance training [14].
Both exercise training modalities performed in same session has
shown to induce clinically relevant fitness improvements in older
adults [15,16]. Therefore, we compared if combined aerobic and
strength training performed in the same session three times in a week
for 12 weeks will increase physical performance further compared to
previously perform aerobic training only in stable Coronary Artery
Disease patients (CAD). Since the debate as to what dynamic strength
training intensities should actually be applied [17], we compared the
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30 MALE PATIENTS
At least three months of aerobic training and no resistance training previously
BASELINE EVALUATION:
Body composition
Resting blood pressure
Cardiopulmonary stress testing
Dynamic maximal strength (1RM) of upper and lower body
12 WEEKS EXERCISE TRAINING: 3 X WEEK:

HIGH VOLUME-LOW INTENSITY:
1. Aerobic training: 60 min / session, 80% of lactate threshold
2. Resistance training: 30% of 1RM, 3 sets 12 reps, 6 muscle groups
1. Aerobic training
60 min /session
80% of lactate
threshold

2. Resistance training progression
1RM evaluation after 4 weeks

30% of 1 RM
3 sets 12 reps

LOW VOLUME-HIGH INTENSITY:
1. Aerobic training: 60 min / session, 80% of lactate threshold
2. Resistance training: 60% of 1RM, 3 sets 6 reps, 6 muscle groups
1. Aerobic training
60 min /session
80% of lactate
threshold

2. Resistance training progression
1RM evaluation after 4 weeks

60% of 1RM
3 sets 6 reps

1RM evaluation after 8 weeks

1RM evaluation after 8 weeks

35% of 1RM
3 sets 12 reps

70% of 1RM
3 sets 6 reps
FINAL EVALUATION:
Body composition
Resting blood pressure
Cardiopulmonary stress testing
Dynamic maximal strength (1RM) of upper and lower body

Figure 1: Study design for protocol comparison.

effectiveness of two different combined aerobic and strength training
program protocols (HLG: High Volume-Low Intensity Group vs.
LHS: Low Volume-High Intensity Group) on peak aerobic capacity
and maximal muscle strength of upper and lower body.

Materials and Methods
Subjects and study protocol
Volunteer individuals with diagnosis of coronary artery disease
were recruited from a consecutive series of patients from the Cardiac
Rehabilitation Center of Genoa (Azienda Sanitaria Locale ASL 3,
Genoa, Italy) from January 2019 through May 2019. All of those
patients were stable and medicated according to medical guidelines,
and included to the study according to the following criteria: New
York Heart Association (NYHA) Functional Classification class I, no
scheduled or emergency procedure for bypass surgery, no unstable
angina pectoris, no severe peripheral atherosclerosis, non-smokers,
no diabetic retinopathy or neuropathy, or inability to perform regular
exercises, e.g. due to severe musculoskeletal problems. Additionally,
all patients reported exercise training background with at least
three months of aerobic training at least two times in a week and no
resistance training previously. The study was carried out according to
the Declaration of Helsinki, accepted in the local Ethics Committee
of the Liguria Region (study number 11559), and all the subjects gave
written informed consent.
Combined aerobic and resistance training intervention
Individuals (n=30) willing to participate were randomized to
high volume-low intensity group (HLG, n=15) or low volumehigh intensity group (LHG, n=15) and were invited to the Cardiac
Rehabilitation Center of Genoa (Italy) to start the laboratory
controlled 12 weeks exercise training program, which included three
exercise sessions on a week. During the intervention, three times
a week they visited our Cardiac Rehab gym equipped with aerobic
(Monark Exercise AB, Vansbro, Sweden) and air resistance exercise
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devices (HUR Oy, Kokkola, Finland), where they were individually
guided by a physical therapist. The study outflow is presented in
Figure 1.
The exercise training was planned and modified according to the
cardiac rehabilitation guidelines [18-20]. During the 12 weeks exercise
training intervention, in each exercise session, both groups performed
laboratory controlled aerobic exercise of 60min first including
5min warm-up and 5min cool down first. We decided to start each
session with aerobic exercise, since the patients were familiar and
experienced with this kind exercise. The intensity of aerobic exercise
was defined according to peak aerobic capacity test results targeting
to the level of 80% of lactate threshold in Watts, and controlled by
physiotherapist during exercise. Aerobic exercise was followed by six
major muscle group resistance exercises (for the lower extremity: leg
extension/flexion and abduction/adduction; for the upper extremity:
push-up/pull-down). Resistance training load was determined for
each muscle groups according to the results of the maximal dynamic
strength testing (1RM: One Repetition Maximum). The progression
of resistance training was confirmed after four and eight weeks by
defining new 1RM values to be used to continue training. Resistance
training prescription for the HLG was defined as 30-35% of 1RM, 3
sets and 12 repetitions and for the LHG: 60-70% of 1RM, 3 sets and 6
repetitions (Figure 1).
The Perceived Ratings of Exertion (RPE) scale [21] from scale 0 to
10 was used in the end of each exercise session to evaluate the average
intensity of a single exercise session. Average realized training load
was assessed by calculating training load (RPE x duration of exercise
session), described earlier [22].
Assessment of peak aerobic exercise capacity
All the patients performed a symptom-limited maximal exercise
test on a bicycle ergometer (Monark Exercise AB, Vansbro, Sweden)
for assessment of peak aerobic capacity (VO2peak) using the COSMED
Austin J Clin Cardiolog 7(2): id1077 (2021) - Page - 02
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Table 1: Patient characteristics for High Volume-Low Intensity (HLG) and Low
Volume-High Intensity (LHG) and exercise training groups.
HLG (n=9)

LHG (n=15)

P-value

Age (years)

66 ± 7

68 ± 8

0.485

BMI (kg/m2)

29 ± 2

27 ± 3

0.295

SBP Rest (mmHg)

116 ± 15

120 ± 13

0.53

DBP Rest (mmHg)

67 ± 7

68 ± 7

0.65

Normal

5

11

Lower

4

4

Ejection Fraction
0.212

9

13

0

2

Yes

2

7

No

7

8

No

Measurements of patient characteristics
Body composition was assessed by measurements of weight
and body mass index. Blood pressure was measured in a supine
position after a 10min resting period. Smoking status, history of
acute myocardial infarction, revascularization and medication were
defined from the hospital registry and standard questionnaires. Left
ventricular systolic function was assessed using 2-D echocardiography
(Vivid 7, GE Healthcare, Wauwatosa, WI, USA).
Statistical analyses

Betablockade User
Yes

From these loads the expected 1RM was estimated by using Brzycki’s
formula [23] integrated to HUR SmartTouch software.

0.511

PCI
0.21

CABG
Yes

3

4

No

6

11

Yes

1

4

No

8

11

0.539

Diabetes
0.614

Heart Failure
Yes

4

4

No

5

11

0.412
Valve Replacement
Yes

2

2

No

7

13

0.615

Values are means ± SD or the number of subjects (proportion); Ejection
fraction >60 was considered as normal; BMI: Body Mass Index; SBP: Systolic
Blood Pressure; DBP: Diastolic Blood Pressure; PCI: Percutaneous Coronary
Intervention; CABG: Coronary Artery Bypass Grafting.

system for cardiorespiratory exercise testing (Quark CPET, COSMED,
Rome, Italy). One of four possible ramp protocol was selected (10,
15, 20, 25 watt/min) based on weight in order to reach the maximal
possible oxygen consumption in 10 to 12 minutes. Standard 12-lead
electrocardiograms and blood pressure measurements were obtained
at rest, every 3 minutes during exercise, at peak exercise and for 5
minutes during the recovery phase. The test was considered maximal
if the respiratory exchange ratio was above 1.1 and/or if peak heart
rate was above 85% of predicted maximal heart rate. The lactate
threshold was identified for each subject using both the V-slope and
ventilator equivalent methods. VO2peak was defined as the highest
20-seconds average of VO2 during the last minute of exercise test.

The results are expressed as means (SD). The normal Gaussian
data distribution was verified by the Kolmogorov-Smirnov goodnessof-fit test. The changes in measured parameters for the whole study
group was analyzed by using paired-samples t-test. The differences
in responses within the HLG and LHG protocol groups after the
training intervention were analyzed by General Linear Model (GLM)
procedure for main effect. One-way ANOVA was used to compare
the groups at baseline and after intervention if the main effect in GLM
<0.05. A chi-square test was used to compare categorical parameters.
Statistical analyses of the data were performed with SPSS software
(IBM SPSS 26, SPSS Inc., Chicago, Illinois, USA). A P value of <0.05
was considered significant.

Results
Baseline demographics and clinical characteristics of the study
participants are illustrated in Table 1. The average of realized exercise
training load did not differ between the HLG and LHG groups
(TRIMP for the HLG 890 ± 210 and for the LHG 987 ± 402, p=0.530).
Similarly, there were no difference in average RPE (p=0.903) asked
after each exercise session for the HLG (4.8 ± 1.1) and LHG (4.8 ±
0.9), average duration (min) of a training sessions in a week (HLG
188 ± 35 vs. LHG 206 ± 51, p=0.396) or average number of realized
exercise training sessions (HLG 2.1 ± 0.4 vs. LHG 2.1 ± 0.5, p=0.972).
During the 12 weeks intervention, six patients in the HLG and none
in the LHG group dropped out from the study. More specifically,
in the HLG group the reasons for interruption were loss of interest
[4], loss of time mainly because of work duties [1] or health-related
Table 2: Results of twelve weeks of exercise training for the whole study group
(n=24).
Pre
2

BMI (kg/m )
SBP rest (mmHg)

Post

P-value

28 ± 3

28 ± 3

0.649

119 ± 14

119 ± 11

0.588

DBP rest (mmHg)

68 ± 7

70 ± 8

0.029

VO2peak (ml/kg-1/min-1)

23 ± 6

24 ± 7

0.38

1 RM Push Up (kg)

24 ± 8

30 ± 7

<0.0001

1 RM Pull Down (kg)

36 ± 8

47 ± 8

<0.0001

Assessment of maximal dynamic muscle strength

1 RM Leg Extension (kg)

20 ± 6

27 ± 6

<0.0001

Maximal dynamic muscle strength (kg) for each muscle groups
was tested with air resistance equipment (HUR Oy, Kokkola,
Finland), which replaces the weight plates traditionally used in weight
stack machines with a pneumatic system of resistance. Maximal
dynamic strength was assessed to find the maximum load with which
a subject was able to perform 3-5 repetitions for each muscle groups.

1 RM Leg Flexion (kg)

25 ± 5

31 ± 5

<0.0001

1 RM Abduction (kg)

25 ± 6

31 ± 6

<0.0001

1 RM Adduction (kg)

27 ± 5

32 ± 5

<0.0001
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Values are means ± SD or the number of subjects (proportion); BMI: Body Mass
Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; VO2peak:
Peak Aerobic Exercise Capacity; RM: Repetition Maximum.
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36 p=0.380 for the whole group

VO2peak (ml∙kg-1∙min-1)

A.

34

p=0.891, GLM for main effect between the groups

32
30
28

Low volumehigh intensity

26
24

High volumelow intensity

22

20
18
16
14

B.

45 p<0.0001 for the whole group

1 RM Push-Up (kg)

p=0.240, GLM for main effect between the groups

40

Low volumehigh intensity

35

High volumelow intensity

30

25
20
15

C.

1 RM Leg Extension (kg)

10
40 p<0.0001 for the whole group

p=0.504, GLM for main effect between the groups

35
30

Low volumehigh intensity

25

High volumelow intensity

basis for 12 twelve weeks, maintained cardiorespiratory fitness at
the baseline level in stable coronary artery disease patients who had
previous aerobic training background but no resistance training.
Instead, maximal dynamic strength for upper and lower body
increased markedly. Combined aerobic and strength exercises in the
same training session improved maximal strength independently
of the high or low intensity of strength training. These results may
highlight the importance of dynamic strength training even at low
intensity level (30-35% of 1RM) to increase maximal upper and
lower body strength for aged cardiac patients highlighting physical
performance and independent living.
The combination of aerobic and strength training in the elderly
is the optimum strategy to improve both neuromuscular and
cardiorespiratory functions and, consequently, to maintain functional
capacity during aging [24]. Recent meta-analysis confirmed that
combined training strategy induced gains in VO2peak, muscle strength,
and hypertrophy in patients with coronary artery disease [14]. When
adjusting combined aerobic and resistance training performed in the
same exercise session with apparently healthy adults over 50 years,
clear and functionally relevant beneficial effects for combined training
performed in the same session on VO2peak, 6min walking test and 30s
chair stand when compared with no-exercise controls were observed.
Additionally, there was a small beneficial effect for combined training
when compared to aerobic training only for VO2peak [15]. However,
the effectiveness of combined aerobic and resistance training in the
same exercise session with different training protocols has not been
widely studied earlier in cardiac patients.

Discussion

We observed minimal or no change in VO2peak with our patients
independent of high or low resistance training protocol performed
(about 3% increase for both groups). It may be partly explained
by the fact that our patients had previous background for aerobic
training and the volume and intensity of aerobic training during
intervention was quite similar compared to earlier, consequently,
maintaining VO2peak at same level. It is also noteworthy that combined
training had small-to-moderately beneficial effects on VO2peak when
compared to aerobic training only in healthy subjects expressed as
average absolute increase of 0.8ml∙kg-1∙min-1 [15], which is well in
line with our cardiac patients obtaining VO2peak gain at average level
of 0.6ml∙kg-1∙min-1. It could be argued, that different intra-session
exercise order may effect on VO2peak response. Exercise order was
earlier studied among 26 apparently healthy elderly men about 65
years, who were divided into two concurrent training groups: strength
prior to or after aerobic training for 12 weeks, three times per week
performing both exercise types in the same training session. VO2peak
increased for both groups showing increase of about 2.1ml∙kg-1∙min-1,
with no difference between groups. However, 1RM of Leg Extension
increased more (change about 24kg) when performing strength prior
to aerobic exercise (change about 15kg) [25]. In the present study,
we observed minor non-significant increase in VO2peak for both high
volume-low intensity group and low volume-high intensity group
and clear maximal muscle strength gain of upper and lower body for
both groups, but we did not change the intra-session order, which
may have an influence for the results.

The present study demonstrated that combined aerobic and
resistance exercises in the same session performed regularly at weekly

Muscle weakness is prominent in patients with coronary artery
disease compared with aged- matched healthy individuals [26]. The

20
15
10

Pre

Post

Figure 2: Effects of 12 weeks exercise-based cardiac rehabilitation with two
different protocols performing combined aerobic and resistance training in the
same session on (A) peak aerobic capacity (VO2peak), (B) maximal dynamic
strength of upper body (1RM of Push Up) and (C) maximal dynamic strength
of lower body (1RM of Leg Extension).

problems [1].
VO2peak remained at same level for the whole study group (23 ± 6
vs. 24 ± 7 ml∙kg-1∙min-1, p=0.380, Table 2) and there was no difference
in response between the HLG and LHG showing 3% increase of
VO2peak for both groups (p=0.891, Figure 2A). Muscle strength
increased markedly when analyzed as one group for both upper (e.g.
35% increase in 1RM Push Up; 24 ± 8 vs. 30 ± 7 kg, p <0.0001) and
lower body (e.g. 50% increase in 1RM Leg Extension; 20 ± 6 vs. 27 ±
6 kg, p <0.0001). The responses did not differ between the groups for
Push Up or Leg Extension (p=0.240 and p=0.504, respectively, Figure
2B and 2C). There was no difference between the groups in responses
of strength gain in other muscle groups (p=ns for all).
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prognostic value for muscular fitness is well recognized, for example
an increase of 10% in muscle strength has shown to be associated
with reductions of 23% and 34% in all-cause and cardiovascular
mortality among patients with coronary artery disease patients who
were hospitalized for acute coronary syndrome or coronary artery
bypass grafting [27]. Therefore, we feel that our results are well in line
supporting the idea that combined aerobic and resistance training
can substantially contribute to increasing life expectancy in cardiac
patients by maintaining peak aerobic capacity and increasing muscle
strength. Additionally, these exercise induced benefits can also be
positively associated with cost-effectiveness related with less risk of
subsequent events and hospitalization providing an evidence based
strategy for policy-makers [9,28]. In the present study, the dropout
rate from the exercise training program of 12 weeks (20%) was on
about a similar level as in some previous studies. One of our previous
exercise-based cardiac rehabilitation study of a two-year intervention
in coronary artery patients with and without type 2 diabetes,
showed the dropout rate about 37% [29]. Similarly, Marzolini et
al. [30] demonstrated that non-completion of a 12-month cardiac
rehabilitation program averaged 32%. However, in the present
study all the dropouts were in HLG and none in the LHG. It could
be speculated, if the long duration of single exercise sessions may
partly explain the dropout rate because a lack of motivation for four
subjects. However, there was no difference in average time spend in
exercise session between groups (HLG 89min vs. LHG 98) and average
RPE values in the end of exercise (4.8 for both groups) showed that
training sessions were well tolerated. In addition, no adverse events
were reported during the intervention.
Strengths of this study were that the all exercise sessions were
laboratory controlled and realized well according to training
prescription. Despite the recognized underutilization of cardiac
rehabilitation worldwide [31], our patients were already adapted
regular aerobic training in their weekly routine and were willing to
add resistance training to their training regimen. Therefore, overall
understanding about the benefits of training were well accepted which
may helped our patients to get used to this new program of combined
aerobic and resistance training in the same session. We understand
that the patient sample in our study is small, selected, and included
only men, which can limit generalizability to a broader population
of coronary artery disease patients especially for individuals with
significant co-morbidities. Furthermore, since we did not have
a control group, considerable uncertainty remains regarding the
effectiveness of same-session combined exercise training compared
with aerobic or strength training performed alone or with control
group included. Further experimental work is needed to address
this deficiency of knowledge and to establish superiority between
different training approaches. Future studies may also address the
modifying effects of exercise programming variables such as volume
and intensity on training outcomes to optimize the prescription of
combined training interventions at the individual level.

Conclusion
The present protocol comparison evaluation of exercise-based
cardiac rehabilitation shows that combined aerobic and resistance
exercises in the same training session for three months maintained
cardiorespiratory fitness at baseline level, but increased markedly
maximal dynamic strength of upper and lower body. When comparing
Submit your Manuscript | www.austinpublishinggroup.com
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high volume-low intensity group to low volume-high intensity group,
cardiorespiratory fitness remained at the same baseline level for both
groups, but there was a clear similar increase of maximal dynamic
strength for upper and lower body for both groups. These results
may highlight the importance of regular resistance training of big
muscle groups, even at moderate intensity (30-35% of 1RM), for aged
cardiac patients in terms of physical performance for daily activities,
independent living and quality of life.
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