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Abstract

Background & Aims: Cardiovascular diseases remain a major cause of morbidity and
mortality worldwide, with coronary artery disease (CAD) representing one of the most
important cardiovascular conditions. Percutaneous coronary intervention (PCI) is widely used
to restore coronary blood flow in patients with obstructive coronary artery disease. Although
pharmacological and interventional treatments play an essential role in the management of
these patients, cardiac rehabilitation is an important component of secondary prevention and
functional recovery. Exercise-based cardiac rehabilitation can improve cardiovascular
function, exercise capacity, autonomic regulation, and several cardiovascular risk factors.
Aerobic exercise is a commonly prescribed component of cardiac rehabilitation, whereas
combined aerobic—resistance exercise may provide additional physiological stimuli by
incorporating both endurance and resistance training. Nevertheless, evidence regarding the
comparative effects of these two exercise approaches on hemodynamic and cardiac structural
indices in patients following PCI remains limited, particularly regarding ventricular volume
parameters. Therefore, the present study aimed to compare the effects of eight weeks of acrobic
exercise and combined aerobic—resistance exercise on selected hemodynamic and cardiac
functional variables in middle-aged men following coronary angioplasty.

Methods: This quasi-experimental study used a pretest—posttest design. Twenty-two middle-
aged men aged 45-65 years who had experienced a myocardial infarction and subsequently
undergone coronary angioplasty were recruited by convenience sampling approximately one
month after the cardiac event or medical intervention. All participants had been referred to the
cardiac rehabilitation unit of Sadr Heart Clinic, Tehran, following evaluation and
recommendation by a cardiologist. Participants were randomly assigned to either an aerobic
exercise group (n = 11) or a combined aerobic—resistance exercise group (n = 11). The study
participants were selected according to predefined eligibility criteria, including the absence of
smoking, alcohol consumption, and medications that could substantially affect the study
variables. Anthropometric characteristics were assessed using standard procedures.
Echocardiographic assessment was performed using a Doppler echocardiography system to
determine end-diastolic volume (EDV), end-systolic volume (ESV), and stroke volume (SV).
Systolic blood pressure (SBP), diastolic blood pressure (DBP), and resting heart rate (Resting
HR) were also assessed.

Both groups participated in an eight-week cardiac rehabilitation program consisting of three
sessions per week. The aerobic component included activities such as treadmill walking,
stationary cycling, upper- and lower-extremity cycling, elliptical exercise, and related aerobic
modalities. Exercise intensity was individually prescribed using the Karvonen method based
on heart-rate reserve and was progressively increased according to the participants’ adaptation
to exercise. Heart rate, blood pressure, and potential electrocardiographic changes were
monitored during exercise. The combined training group performed the same aerobic program
and additionally participated in resistance exercise twice per week. Resistance exercise
initially consisted of low-load exercises using 1-kg weights and an abdominal exercise device,
with progressive increases in resistance and exercise duration during the intervention. Each
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training session included warm-up, main exercise, and cool-down phases. Pretest
measurements were obtained before the intervention and the same variables were reassessed
after eight weeks. Data were analyzed using descriptive statistics, the Shapiro—Wilk test for
assessment of normality, paired-samples t-tests for within-group comparisons, and
independent-samples t-tests for between-group comparisons. Statistical analyses were
performed using SPSS version 22.

Results: Following the eight-week intervention, aerobic exercise was associated with
significant changes in several cardiovascular variables. EDV significantly decreased from
143.18 + 12.40 to 134.81 + 11.30, while ESV decreased from 73.29 + 19.67 to 62.00 £ 16.89.
SV significantly increased from 70.09 £ 10.84 to 72.81 + 8.97, and resting heart rate decreased
from 71.18 + 11.04 to 63.36 + 8.68 beats/min. In contrast, changes in SBP and DBP were not
statistically significant in the aerobic group. In the combined aerobic—resistance group, EDV
decreased significantly from 141.18 + 8.61 to 127.81 £ 6.39, and ESV decreased from 72.54
+17.151t055.27 £ 13.46. SV increased significantly from 68.72 + 10.35 to 72.54 + 8.34, while
resting heart rate decreased from 67.90 + 13.82 to 59.09 + 8.31 beats/min. DBP also decreased
significantly from 77.27 + 4.67 to 73.63 + 3.23 mmHg, whereas the change in SBP was not
statistically significant. Between-group analysis demonstrated statistically significant
differences between the two exercise programs in EDV (t = 5.06, p = 0.001) and ESV (t =
4.044, p = 0.001). However, no statistically significant between-group differences were
observed for SV (t=0.968, p =0.345), SBP (t=0.808, p=0.429), DBP (t=1.614, p=10.122),
or resting heart rate (t=1.617, p=0.122).

Conclusion: Both aerobic exercise and combined aerobic-resistance exercise were associated
with favorable changes in several cardiovascular and hemodynamic variables in middle-aged
men undergoing cardiac rehabilitation following PCI. Both exercise approaches were
accompanied by significant reductions in EDV, ESV, and resting heart rate and a significant
increase in stroke volume. A significant reduction in DBP was also observed following
combined training, whereas SBP did not change significantly in either group. Importantly,
direct comparison of the two exercise approaches demonstrated significant between-group
differences only for EDV and ESV, while the responses of SV, SBP, DBP, and resting heart
rate did not differ significantly between the groups. These findings indicate that both exercise
modalities may be incorporated into supervised cardiac rehabilitation programs for patients
following PCI, although the present study does not establish an overall superiority of one
approach over the other. The observed differences in ventricular volume indices warrant
further investigation in adequately powered controlled trials. The relatively small sample size
and the absence of a non-exercising control group should also be considered when interpreting
the findings. Future studies involving larger samples, appropriate control conditions, longer
follow-up periods, and standardized exercise prescriptions are needed to clarify the
comparative effects of aerobic and combined training on cardiac function and hemodynamic
adaptation after PCI.
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