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Aims Lower limb amputee veterans are at high risk of cardiovascular disease due to physical 
problems and depression after the accident caused by amputation. Aerobic and resistance 
training are effective interventions in improving heart structure and function. This study 
aimed to evaluate the effect of 12 weeks of aerobic and combined exercises on the structure 
and function of the heart of lower limb amputation veterans.
Materials & Methods This semi-experimental pre-test/post-test study was designed with 
two interventions and one control group. 45 randomly selected samples were divided into 
three groups: Aerobic training (15 people), combined training (15 people) and control (15 
people). The experimental groups received the relevant intervention for 12 weeks. One-way 
analysis of variance, Tukey’s post hoc test, and paired T-test were used in SPSS 25 software 
to analyze the data.
Findings After 12 weeks of intervention, the groups had significant differences in weight 
(p=0.001) and body mass index (p=0.001). There were significant weight losses in the 
aerobic (p=0.001) and combined (p=0.001) training groups compared to the control group. 
Also, a significant decrease in body mass index was observed in the aerobic (p=0.001) and 
combined (p=0.001) training groups compared to the control group. A significant decrease in 
weight and body mass index was observed in the aerobic (p=0.001) and combined (p=0.003) 
training groups from pre-test to post-test.
Conclusion Upper-body aerobic training alone and in combination with resistance training 
affects the functional and structural indicators of the heart in lower-limb amputees.
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Introduction 
With industry development in the 21st century, 
human life has rapidly changed from a fully active 
state to a generally inactive life [1]. Inactivity in 
today's societies is generally associated with poor 
nutrition and psycho-social problems. This 
inappropriate lifestyle greatly increases the risk of 
many chronic diseases, such as cardiovascular 
diseases [2]. Due to their physical limitations, veterans 
experience more movement limitations than healthy 
people. On the other hand, environmental and social 
restrictions and neurological and psychological 
problems reduce the physical activity of veterans 
compared to their healthy counterparts [3]. Therefore, 
the combination of disability and immobility in 
veterans causes the risk of cardiovascular diseases to 
increase greatly compared to healthy counterparts [4]. 
According to statistics, the risk of cardiovascular 
diseases in unilateral and bilateral lower limb 
amputation veterans is 1.58 and 3.5, respectively, 
higher than that of healthy counterparts [5]. Also, the 
death of amputees due to heart disease is 2.2 and 3.3 
times higher than their healthy counterparts [5, 6]. 
Although the cause of the higher prevalence and risk 
of cardiovascular diseases in lower limb amputee 
veterans is not well defined, insulin resistance, 
hemodynamic changes, especially in the amputated 
limb, psychological stress, systemic inflammation, 
and increased sympathetic nervous system activity 
[6], cardiomyopathy, heart attacks, coronary artery 
disease, systolic heart failure, and heart valve disease 
are amputees' most common cardiovascular 
disorders [7]. Etiology studies in this field are divided 
into two categories. The first category of metabolic 
changes caused by the inappropriate lifestyle of a 
veteran is considered to be the cause of 
cardiovascular complications. In this context, it has 
been determined that insulin resistance is 
significantly higher in amputee veterans than in 
healthy counterparts. Also, bilateral amputation is 
more related to the incidence of insulin resistance 
than unilateral [6]. In addition, psychological stress, 
neurological problems, and increased sympathetic 
system activity are among the physiological reasons 
associated with higher cardiovascular problems in 
veterans [9]. The second group of studies considers 
the cause of cardiovascular problems in amputation 
veterans to be hemodynamic abnormalities caused 
by disturbed arterial flow near the amputation site. 
Hemodynamic reasons such as shear stress, 
environmental strain, and reflected waves at the 
amputation site cause hemodynamic consequences 
such as femoral artery blockage, atherosclerosis, and 
subrenal aneurysm. The same hemodynamic changes 
can cause blood pressure, left ventricular 
hypertrophy, and ischemic heart disease [10]. 
On the other hand, sports activity reduces weight and 
fat percentage and improves the inflammatory 
condition in healthy people and amputees, thereby 

reducing the risk of cardiovascular diseases [5, 11, 12]. 
On the other hand, it reduces stress, anxiety, and 
fatigue and increases the quality of life of amputees 
[13]. Also, growing evidence shows that exercise 
training can positively affect amputees' 
hemodynamic status [14, 15]. In this context, it has been 
found that 16 weeks of aerobic exercise significantly 
improves metabolic, inflammatory, and visceral fat 
conditions in disabled people [16]. Also, it has been 
found that a single-leg cycling training protocol 
significantly improves amputees' resting heart rate 
and fatigue [17]. The quality of life in active veterans is 
also reported to be much higher than in inactive 
veterans [18, 19]. On the other hand, it has been found 
that eight weeks of aerobic training does not affect 
the structure and function of the heart of disabled 
people [20].  
As it is known, sports training and physical activity 
reduce the risk of cardiovascular diseases in veterans 
by improving body composition and metabolic and 
inflammatory status. However, the effects of exercise 
and physical activity on amputee veterans' heart 
function and structure are very limited. For this 
purpose, the present study aimed to evaluate the 
effect of 12 weeks of aerobic and combined exercises 
on the structure and function of the heart of lower 
limb amputation veterans. 
 
Materials and Methods 
This semi-experimental pre-test/post-test study was 
designed with two interventions and one control 
groups. After announcing the call and reviewing the 
medical files of the veterans, 45 lower-body 
amputees who were males between 45 and 60 years 
old, with 50-70% damage rate, amputation above or 
below the knee (classes A2-A4), not participating in 
regular sports activities, and no history of metabolic 
disease and no smoking were selected—the veterans 
that had the experience of participation in similar 
interventions and use of certain medications were 
not included. Getting infectious diseases (influenza or 
COVID-19), injury, and non-participation in exercises 
caused exclusion. Finally, 45 randomly selected 
samples were divided into three groups: Aerobic 
training (15 people), combined training (15 people) 
and control (15 people).  
The samples' age, height, weight, and body mass 
index were evaluated and recorded. A digital scale 
(Beurer model BF66; Germany) was used to measure 
the weight with an accuracy of 0.01kg. Height was 
measured using a wall-mounted height meter with an 
accuracy of 0.1cm. Body mass index was calculated 
using the BMI formula. 
Heart structural variables were measured using 
resting electrocardiography and echocardiography 
using one-dimensional and Doppler methods in the 
heart department of Imam Reza Clinic in Shahrekord 
City by a cardiologist using an electrocardiograph 
(Araz 630 Raahian; IRAN) and an echocardiography 
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machine (Eko7; South Korea). First, a resting 
electrocardiogram was recorded while the subjects 
were lying on their backs on the bed and in a 
completely free position. Heart rate (numbers per 
minute) and PR interval (seconds) were calculated 
from the recorded tape of the heart's electrical 
activity. Then, each subject was asked to lie on his left 
side after choosing the most appropriate image of the 
heart chambers in the resting state, the variables of 
ejection fraction (percentage), end-diastolic and 
systolic diameters (mm), thickness of the posterior 
wall of the left ventricle and thickness. The 
interventricular septum (mm) was measured by the 
one-dimensional method. The left ventricular mass 
(gram) was also measured using the two-
dimensional method. 
The experimental groups received the relevant 
intervention for 12 weeks. The control group 
continued their usual activities for 12 weeks. 
Aerobic group exercises were three weekly sessions, 
each between 30 and 50 minutes, with an increased 
load. Each training session consisted of three parts; 
Warm-up, main exercise (Table 1), and cool-down. 
The exercises started in the first week with an 
intensity of 40% of the maximum heart rate and 
finally reached 70% of the maximum heart rate in the 
twelfth week. Maximum heart rate measurement was 
evaluated using the formula (220-sen). Exercise 
heart rate was evaluated using an hourly Polar heart 
rate monitor (S-series Tolkit; Finland).  
 
Table 1. Upper body aerobic training (wheelchair riding) protocol 
(all sessions have warm-up and cool-down parts 10 minutes each) 
Week Maximum heart 

rate (%)  
Periods Total time  

(min) 
1-2 40-45  One 10 minutes 10  
3-4 45-50  One 15 minutes 15  
5-6 50-55  Two 8 minutes  

(4 minutes rest between) 
20  

7-8 55-60  Two 8 minutes  
(4 minutes rest between) 

20  

9-10 60-65  Three 6 minutes  
(3 minutes rest between) 

24  

11-12 65-70  Three 6 minutes  
(3 minutes rest between) 

24  

 
Combined group exercises, including aerobic and 
resistance exercises, three sessions per week, each 
between 30 and 60 minutes with overload. Each 
training session consisted of three parts; Warm-up, 
main exercise (Table 2), and cool-down. The aerobic 

part of the exercises was performed the same way as 
the aerobic exercise group but with half the time of 
the aerobic exercise group. The resistance exercises 
section included upper body resistance exercises 
with machines and free weights for the upper body's 
main and large muscle groups (Shoulder, forearm, 
chest, armpit, back of the arm, abdomen). In the first 
week, resistance training started as two sets with 8-
12 repetitions and with 40% of 1 repetition of the 
maximum, and in the twelfth week, it reached four 
sets with 6-8 repetitions and with an intensity of 70% 
of 1 repetition of the maximum. 
 
Table 2. Upper body combined exercise protocol (all sessions have 
warm-up and cool-down parts 10 minutes each) 
Week Maximum 

heart rate (%)  
Periods/Repeats (Set) Total time  

(min) 
Aerobic exercise 
1-2 40-45  One 5 minutes 5  
3-4 45-50  One 7 minutes 7  
5-6 50-55  Two 4 minutes  

(2 minutes rest between) 
10  

7-8 55-60  Two 4 minutes  
(2 minutes rest between) 

10  

9-10 60-65  Three 3 minutes  
(90 seconds rest between) 

12 

11-12 65-70  Three 3 minutes  
(90 seconds rest between) 

12 

Resistance training 
1-2 40-45  8-12 (2) 5  
3-4 45-50  8-12 (2) 7  
5-6 50-55  8-10 (3) 10  
7-8 55-60  8-10 (3) 10  
9-10 60-65  6-8 (4) 12  
11-12 65-70  6-8 (4) 12  
  
All statistical analyses were performed using SPSS 25 
software. The Shapiro-Wilk test was used to check 
the normality of the data distribution, and the Lune 
test was used to check the homogeneity of variances 
between groups. One-way analysis of variance was 
used to check the differences between groups. If the 
one-way analysis of variance test was significant, 
Tukey's post hoc test was used for pairwise 
comparisons of groups. Also, to examine intra-group 
changes from pre-test to post-test, the paired T-test 
was used.  
 
Findings 
There was no significant difference in the subjects' 
age (p=0.814; F=27.698) and height (p=0.526; 
F=27.068) between the groups (Table 3).  

 

Table 3. Comparison of anthropometric indices mean±SD in (paired T-test) and between (one-way analysis of variance) the groups after 
12 weeks of aerobic and combined exercises 
Parameter Aerobic Combined Control F Intergroup p-value 
Age (year) 56.80±2.86 56.20±2.94 53.00±3.10 0.207 0.814 
Height (cm) 170.40±2.42 171.80±2.74 171.46±2.94 0.675 0.526 
Weight (kg) 
Pre-test 75.74±6.61 80.29±13.06 75.01±10.01 27.691 0.001 
Post-test 72.37±6.56# 76.84±13.09#  75.27±10.06 
Intragroup p-value 0.001 0.003 0.103 
BMI (kg/m2) 
Pre-test 26.09±2.10 27.22±3.63 25.52±3.63 27.068 0.001 
Post-test 24.92±2.05# 26.03±4.55# 25.61±3.65 
Intragroup p-value 0.001 0.003 0.51 
#significant difference with the control group
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Table 4 shows the structural and functional changes 
in cardiovascular risk factors in and between the 

groups before and after 12 weeks of aerobic and 
combined exercises.  
 

Table 4. Examining changes in cardiovascular risk factors mean±SD in (paired T-test) and between (one-way analysis of variance) the 
groups following 12 weeks of aerobic and combined exercises 
Parameter Aerobic Combined Control F Intergroup p-value 
Resting heart rate (beats per minute) 
Pre-test 8.28±77.00 9.27±75.20 8.49±75.66 6.895 0.004 
Post-test 7.31±74.70# 9.35±73.80 7.89±75.91 
Intragroup p-value 0.003 0.005 0.889 
Systolic blood pressure (mmHg) 
Pre-test 6.31±131.50 13.47±132.10 9.98±128.33 18.498 0.001 
Post-test 7.75±121.40# 14.07±124.90# 9.85±131.67 
Intragroup p-value 0.001 0.001 0.135 
Diastolic blood pressure (mmHg) 
Pre-test 3.18±82.10 8.34±84.00 5.78±82.31 4.680 0.017 
Post-test 2.44±79.22# 7.59±81.20# 4.98±83.91 
Intragroup p-value 0.001 0.001 0.393  
Left ventricular end-diastolic internal diameter (mm) 
Pre-test 6.13±48.31 6.90±45.72 5.25±45.41 20.826 0.001 
Post-test 4.73±50.80# 6.71±49.9# 5.03±45.08 
Intragroup p-value 0.005 0.001 0.392 
Left ventricular end-systolic inner diameter (mm) 
Pre-test 4.08±32.59 3.13±34.10 2.59±33.31 21.741 0.001 
Post-test 4.57±30.60# 2.97±30.80# 2.80±33.25 
Intragroup p-value 0.001 0.001 0.833 
Left ventricular ejection fraction (%) 
Pre-test 4.71±55.06 4.74±56.50 4.43±56.66 28.714 0.001 
Post-test 4.79±58.50# 4.50±61.40# 4.11±56.33 
Intragroup p-value 0.011 0.001 0.586* 
Interventricular septum wall thickness (mm) 
Pre-test 2.52±8.13 2.23±8.08 3.15±7.78  - 0.057 
Post-test 2.46±8.19 2.10±8.28 3.08±7.97 
Intragroup p-value 0.329 0.006 0.941 
The thickness of the posterior wall of the left ventricle (mm) 
Pre-test 2.25±7.98 1.99±7.80 2.92±7.39 1.507 0.238 
Post-test 2.01±8.05 1.92±8.01 2.83±7.33 
Intragroup p-value 0.669 0.071 0.306 
Discharge fraction (%) 
Pre-test 4.11±56.50 4.59±56.00 4.82±56.25 24.101 0.001 
Post-test 3.56±58.40# 3.87±59.10# 4.52±55.83 
Intragroup p-value 0.001 0.001 0.269 
#significant difference with the control group 
 
Discussion 
The aim of the present study was to investigate the 
effect of 12 weeks of aerobic and combined exercises 
on the structure and function of the heart of lower 
limb amputation veterans. The results of the present 
study showed that 12 weeks of both aerobic and 
combined exercises led to significant improvement in 
body weight, body composition, heart rate, systolic 
and diastolic blood pressure, end-systolic and 
diastolic internal diameters of the left ventricle, left 
ventricular ejection fraction and percentage of 
cardiac ejection fraction. A significant improvement 
was observed in the combined exercise group 
compared to aerobics only in the case of the internal 
end-systolic diameter of the left ventricle. 
Nevertheless, there was no significant difference in 
the thickness of the interventricular wall and the 
thickness of the posterior wall of the left ventricle 
after 12 weeks of intervention. 
The present study's weight and body mass index 
decreased significantly due to aerobic and combined 
exercises. In this context, Rouhi & Debidi Roshan 
showed that eight weeks of supervised combined 
exercises at home significantly reduced the weight of 

 

veterans of Mazandaran province [21]. Babaei & 
Yaqoubi reported that ten weeks of combined 
training leads to weight loss, body mass index, and fat 
percentage of veterans [22]. Rohi et al. showed that 
eight weeks of combined exercises at home 
significantly improves body composition indices in 
veterans of Mazandaran province and their spouses 
[3]. Tawfighi & Nozadgajin reported that 12 weeks of 
aerobic training significantly improves the fat 
percentage of inactive veterans [23]. All studies on the 
effect of combined and aerobic exercises on body 
weight, body mass index, and indicators related to 
body composition align with the current research. 
The relationship between body composition and 
cardiovascular risk factors has been fully confirmed, 
and lifestyle is important in body composition [2]. In 
the case of veterans, it is well known that reducing 
physical activity related to physical condition causes 
obesity and overweight, which is a risk factor for 
cardiovascular diseases [23]. In lower limb amputation 
veterans, on the one hand, movement restrictions are 
caused by amputation; on the other hand, 
environmental and social restrictions cause a 
decrease in physical activity, an increase in 
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overweight and obesity [3], and finally increase the 
risk of cardiovascular diseases [4]. On the other hand, 
sports training, especially combined training, in 
addition to reducing body fat percentage, improves 
lipid profile and blood sugar and reduces 
inflammation, which generally reduces the risk of 
cardiovascular diseases [24]. 
Another result of the present study was the 
significant improvement of functional and structural 
indicators of the heart of lower limb amputation 
veterans after 12 weeks of aerobic and combined 
training. Studies are very limited on the effects of 
exercise training on the structure and function of the 
heart of amputee veterans. In this context, it has been 
determined that a one-legged cycling training 
protocol significantly improves amputees' resting 
heart rate and fatigue [17]. On the other hand, it has 
been found that eight weeks of aerobic training does 
not affect the structure and function of the heart of 
disabled people [20]. However, some studies 
investigated the effects of exercise training on the 
structure of heart function in other groups. In this 
context, it has been determined that eight weeks of 
endurance and combined training (Endurance and 
resistance) significantly improves the heart structure 
of middle-aged women [25]. Also, a significant 
improvement in blood pressure, heart rate, and heart 
structural indices of patients with chronic heart 
failure has been reported after eight weeks of 
combined exercises [26]. Also, it has been found that 
12 weeks of combined sports training in water 
significantly improves the structural and functional 
indicators of the heart of patients with type 2 
diabetes [27]. On the other hand, it has been reported 
that eight weeks of aerobic and combined exercises 
do not significantly affect the structural indices of the 
heart of university girls [28]. 
Cardiovascular complications such as 
cardiomyopathy, heart attacks, coronary artery 
disease, systolic heart failure, and heart valve disease 
are lower limb amputees' most common 
cardiovascular disorders [7]. Several factors can 
increase the risk of cardiovascular diseases in lower 
limb amputees. On the other hand, metabolic changes 
caused by a veteran's sedentary lifestyle can cause 
cardiovascular complications [29]. Insulin resistance 
and metabolic syndrome are the most important risk 
factors caused by inactivity in amputees, which 
greatly increases the risk of cardiovascular diseases 
in these people [6]. On the other hand, it has been 
found that psychological stress, neurological 
problems, and increased activity of the sympathetic 
system are among the physiological reasons 
associated with the higher incidence of 
cardiovascular problems in veterans [9]. It has been 
found that post-traumatic stress, depression, and 
other factors related to these two, i.e., smoking, 
physical inactivity, and bulimia, can be another 
reason for increasing the risk of cardiovascular 
diseases in lower limb amputees [6, 30]. Another group 

of studies also considers the causes of cardiovascular 
problems in amputation veterans to be hemodynamic 
abnormalities caused by impaired arterial flow near 
the amputation site. Hemodynamic reasons such as 
shear stress, environmental strain, and reflected 
waves at the amputation site cause hemodynamic 
consequences such as femoral artery blockage, 
atherosclerosis, and subrenal aneurysm. On the other 
hand, the same hemodynamic changes can cause 
blood pressure, left ventricular hypertrophy, and 
ischemic heart disease [10]. 
Sports training, especially aerobic training, increases 
the volume load on the heart and thus increases the 
diameter of the heart cavities, especially in the left 
ventricle. A relative increase in the heart walls will 
also occur following these changes. An increase in the 
thickness of the heart walls generally causes an 
increase in the left body mass. In general, it has been 
found that the left ventricle is more affected by 
exercise than other parts of the heart [31]. As in the 
present study, we observed an increase in the inner 
diameter of the end of the diastole and a decrease in 
the inner diameter of the end of the left ventricle 
systole. It has also been found that due to exercise, 
the diastolic filling volume increases, the diameter 
and mass of the left ventricle increases, the capacity 
of the ventricles increases, and myocardial 
contraction is stronger. All these cases can describe 
the decrease in heart rate and blood pressure due to 
exercise [24]. Therefore, structural changes in the end-
systolic and diastolic internal diameter of the left 
ventricle as a result of exercise training in the present 
study seem to be the reason for the increase in the left 
ventricular ejection fraction and the total ejection 
fraction of the heart. Also, the improvement in resting 
heart rate and blood pressure has been a result of the 
structural and functional changes of the heart as a 
result of exercise. 
 
Conclusion 
Upper-body aerobic training alone and in 
combination with resistance training (Not using a 
prosthesis during training) affects the functional and 
structural indicators of the heart in lower-limb 
amputees.  
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