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Changes in cardiac structure and function in diabetic patients with peripheral neuropathy
during three types of exercise interventions

Received: ABSTRACT

2025/03/23 Introduction:

Accepted: Type 2 diabetes is a chronic disease with increased microvascular risks such as
2025/06/04 retinopathy and neuropathy. Exercise has a positive effect on the hearts of diabetic
Online ISSN patients. Given the cardiac neuropathy in diabetic patients and the high prevalence of
3060-7078 diabetes, the present study was designed to compare effect of three types of aerobic,

resistance, and combined training on the structure and function of the heart in diabetic
patients with peripheral neuropathy.

Methods:
The participants were 45 men (age: 55.24+8.11 years, weight: 89.5+13.4 kg, height:
Elaheh Piralaiy 171.85+6.98 cm, duration of diabetes: 12.51+6.46 years) that were randomly divided
Department of Exercise into four groups: aerobic training (n=11), resistance training (n=11), combined
Physiology, Faculty of training (n=11), and control (n=12). The training groups performed 25 to 45 minutes

Physical Education and Sport of aerobic and resistance training 3 to 5 times weekly for 12 weeks. Resting heart rate
and blood pressure were measured using a digital blood pressure monitor, and
structural and functional indices of the heart were measured using a two-dimensional
Doppler echocardiography. A one-way analysis of variance with Tukey's post-hoc test
and a paired t-test were used for analysis of data at a significance level of P < 0.05.

Sciences, University of
Tabriz, Tabriz, Iran.

Badrkhan Rashwan Ismael

Department of Exercise Results:
Physiology, Faculty of One-way ANOVA showed significant differences in diastolic blood pressure (P =
Physical Education and Sport | 0.017), systolic blood pressure, minimum and maximum and average resting heart rate
Sciences, University of (P =0.001) between groups. Paired t-test showed a significant increase in PWTS in
Tabriz, Tabriz, Iran. the aerobic training group (P = 0.038) and PWTD in the resistance training group (P

= 0.033). Changes in IVSTS, IVSTD and VO>max were not significant in any of the
training groups (P < 0.05). Systolic blood pressure increased in the control group (P =
0.008) and decreased in the resistance (P = 0.008) and combined (P = 0.001) training
groups, and diastolic blood pressure decreased in the combined training group (P =
0.005). The minimum resting heart rate decreased in the aerobic (P = 0.046) and
resistance (P = 0.036) training groups, and the average resting heart rate decreased
significantly in the aerobic training group (P = 0.012).

Discussion:

Based on the results of the present study, aerobic and resistance training affect the
structure of the heart separately and can increase the thickness of the posterior wall of
the left ventricle at the end of systole and diastole. The best type of training to reduce
blood pressure is combined training. Finally, aerobic training has the greatest effect
on reducing heart rate compared to resistance and combined training.
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Extended Abstract

Introduction:

Diabetes mellitus (DM) is one of the most common chronic diseases worldwide, making it a major
public health concern (1) which can have many complications, the most common of which is
peripheral neuropathy (PN) (5). Lifestyle changes, especially exercise training, have been
recommended as a useful preventive strategy to prevent and even reduce the risk factors associated
with cardiomyopathy in patients with diabetes. Improving cardiorespiratory fitness and vascular
function through aerobic training is important for the prevention and improvement of CVD in patients
with diabetes, and vigorous-intensity exercise of at least 150 minutes per week, including aerobic
exercises such as walking, swimming and running, seems to have beneficial effects on vascular
dysfunction due to fibrosis, arterial stiffness and endothelial dysfunction caused by diabetic
complications. As a result, it can even prevent secondary CVD (24). Resistance training is as effective
as aerobic training for the management of CVD and diabetic complications, as confirmed by several
meta-analyses and systematic reviews. Resistance training may not have a direct effect on the
cardiovascular system, but it can reduce the microvascular complications of hyperglycemia by
improving glucose metabolism in skeletal muscle. In addition, resistance training has a positive effect
on cardiometabolic outcomes such as insulin sensitivity, lipid profile, and blood pressure in patients
with type 2 diabetes (13, 25, 26) and is a useful tool for maintaining vascular function (27). Since
exercise training is considered a cornerstone of diabetes management and cardiac complications, with
the potential to reduce the risks of CVD in patients with diabetes, further clinical trials and preclinical
studies are needed to ensure maximum exercise efficiency (28). The present study was designed to
compare the effect of three types of aerobic, resistance, and combined training on cardiac structure
and function in diabetic patients with peripheral neuropathy.

Methodology:

This study was a quasi-experimental clinical trial. The statistical population of the present study
consisted of type 2 diabetic men referring to Sina Educational and Medical Center in Tabriz, with an
age range of 35 to 67 years. 54 diabetic men with peripheral neuropathy who were healthy in terms
of exercise testing and were able to participate in sports were selected as the final subjects. The
exclusion criteria were inability to perform the exercises, failure to follow the exercise programs
provided in the experimental group, and irregular attendance at the exercises. This study had ethical
approval from the Human Research Committee of the University of Medical Sciences (ethical code
of the project IRR-TBZMED.REC.1395.754), and written consent forms and voluntary participation
forms were received from all patients. Then, the subjects were randomly divided into four groups: 1)
aerobic training group (n = 13), 2) resistance training group (n = 13), 3) aerobic + resistance training
group (n = 13), and 4) control group (n = 15). Aerobic training consisted of 3 training sessions per
week for 12 weeks. The program included 15 minutes of stretching and light activity for warm-up,
main activity (treadmill running) at an intensity of 70 to 75% of maximum heart rate for 25 to 45
minutes, and 10 minutes of stretching for cool-down. For strength training, dynamic movements were
used including two sets of the main upper body muscles (chest press, shoulder press, rowing and front
squat), three sets of the main lower body muscles (leg press, front leg press and back leg press), and
two sets of the core muscles (abdominals and fillets) with 8 to 12 repetitions and 2-3 minutes rest
between sets, three sessions per week. Combined training included aerobic and strength training. The
subjects' resting heart rate was measured using a digital heart rate monitor. Systolic and diastolic
blood pressure were measured using a digital blood pressure measuring device (Omron, Korea).
Echocardiograms were performed 48 hours before and also 48 hours after the end of the exercise
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training protocol to measure structural and functional indices of the heart by a cardiologist using a
two-dimensional Doppler echocardiography device (Esaote Biomedica, Italy) in a special
echocardiography room. To examine the normal distribution of the data, the Kolmogorov-Smirnov
(K-S) test was used, for intragroup comparisons, the dependent T-test, for intergroup comparisons,
the one-way analysis of variance (ANOVA), and to examine the location of paired differences, the
Tukey post hoc test was used at a significance level of P<0.05, using SPSS software version 27.

Results:

One-way ANOVA showed significant differences in diastolic blood pressure (P = 0.017), systolic
blood pressure, minimum and maximum and average resting heart rate (P = 0.001) between groups.
Paired t-test showed a significant increase in PWTS in the aerobic training group (P = 0.038) and
PWTD in the resistance training group (P = 0.033). Changes in IVSTS, IVSTD and VO.max were
not significant in any of the training groups (P < 0.05). Systolic blood pressure increased in the control
group (P = 0.008) and decreased in the resistance (P = 0.008) and combined (P = 0.001) training
groups, and diastolic blood pressure decreased in the combined training group (P = 0.005). The
minimum resting heart rate decreased in the aerobic (P = 0.046) and resistance (P = 0.036) training
groups, and the average resting heart rate decreased significantly in the aerobic training group (P =
0.012).

Discusion:

The results of the present study showed that all three types of training had a negligible effect on
IVSTS, IVSTD, and VOmax. Aerobic and resistance training separately have a more significant
effect on cardiac structure than combined training and can increase the thickness of the left ventricular
posterior wall at the end of systole and diastole. It seems that the best type of training to increase
PWTS is aerobic training, and to increase PWTD, is resistance training. Also, a decrease in systolic
blood pressure was observed in the resistance and combined training groups, and a decrease in
diastolic blood pressure was observed in the combined training group. Also, our results showed that
the best type of training to reduce the minimum resting heart rate was aerobic and resistance training,
and the best type of training to reduce resting heart rate was aerobic training. Therefore, aerobic
training is more effective in reducing heart rate compared to resistance and combined training.
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