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Abstract: 
Background: Assessment of exercise capacity and cardiovascular response during physical exertion can provide 
valuable information regarding functional status in patients with diabetes. The present study aimed to evaluate 
exercise capacity and cardiovascular responses in patients with Type 2 Diabetes Mellitus in comparison with 
healthy individuals. 
Material and Methods: A hospital-based cross-sectional study was conducted among 120 participants, including 
60 patients with Type 2 Diabetes Mellitus and 60 age- and sex-matched healthy controls. Demographic data, 
clinical parameters, and laboratory investigations including fasting blood glucose, glycated hemoglobin (HbA1c), 
and lipid profile were recorded. Exercise capacity and cardiovascular responses were assessed using a treadmill 
exercise test following the Bruce protocol. Parameters evaluated included exercise duration, maximum heart rate 
achieved, metabolic equivalents (METs), blood pressure response during exercise, heart rate recovery, and rate 
pressure product. Statistical analysis was performed using SPSS version 25.0, with a p-value <0.05 considered 
statistically significant. 
Results: The mean age of diabetic participants was 54.3 ± 8.1 years, with comparable age and sex distribution 
between groups. Body mass index and baseline blood pressure were significantly higher in the diabetic group. 
Laboratory parameters revealed significantly elevated fasting blood glucose (158.6 ± 32.4 mg/dL) and HbA1c 
levels (8.1 ± 1.2%) among diabetic patients. Exercise testing demonstrated significantly shorter exercise duration 
(7.2 ± 2.1 minutes vs 9.4 ± 2.5 minutes), lower maximum heart rate achieved (146.3 ± 15.2 beats/min vs 154.7 ± 
14.8 beats/min), and reduced METs (7.8 ± 1.9 vs 10.1 ± 2.2) in patients with diabetes compared with controls. 
Heart rate recovery at 1 minute was significantly lower in diabetic participants (16.8 ± 5.2 beats/min vs 22.4 ± 6.1 
beats/min). Poor exercise capacity (<5 METs) was observed in 23.3% of diabetic patients compared with 5.0% of 
controls. 
Conclusion: Patients with Type 2 Diabetes Mellitus demonstrate reduced exercise capacity and impaired 
cardiovascular response during exertion. These findings emphasize the importance of early cardiovascular 
evaluation and lifestyle interventions to improve functional capacity and reduce cardiovascular risk in individuals 
with diabetes. 
Keywords: Type 2 Diabetes Mellitus, Exercise Capacity, Treadmill Test, Cardiovascular Response, Metabolic 
Equivalents, Heart Rate Recovery. 
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Introduction

Type 2 Diabetes Mellitus (T2DM) is one of the most 
prevalent metabolic disorders worldwide and is 
associated with significant cardiovascular morbidity 
and mortality. The condition is characterized by 
insulin resistance, chronic hyperglycemia, and 
multiple metabolic abnormalities that affect various 
organ systems, particularly the cardiovascular and 
musculoskeletal systems. These alterations 

contribute to reduced physical performance and 
diminished cardiorespiratory fitness in individuals 
with diabetes [1]. Impaired exercise capacity has 
been recognized as an important clinical indicator 
because it reflects the integrated function of the 
cardiovascular, respiratory, and muscular systems 
during physical activity. 

http://www.ijcpr.com/
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Exercise capacity is widely regarded as a strong 
predictor of cardiovascular health and overall 
mortality. Reduced cardiorespiratory fitness has 
been consistently reported in patients with T2DM 
compared with healthy individuals, even after 
adjusting for age, body composition, and physical 
activity levels [2]. A recent meta-analysis 
demonstrated that individuals with T2DM exhibit 
significantly lower peak oxygen uptake (VO₂ peak), 
indicating reduced aerobic capacity and functional 
performance compared with non-diabetic 
populations [3]. These impairments may arise from 
a combination of metabolic disturbances, 
endothelial dysfunction, and abnormalities in 
skeletal muscle oxygen utilization. 

In addition to reduced exercise tolerance, patients 
with T2DM often demonstrate altered 
cardiovascular responses during physical activity. 
Studies evaluating functional exercise tests have 
shown that individuals with T2DM may exhibit 
exaggerated heart rate and blood pressure responses 
during exertion, reflecting increased cardiac 
workload and impaired cardiovascular regulation 
[4]. Such abnormal responses may be related to 
autonomic dysfunction, impaired vascular 
reactivity, and abnormalities in peripheral 
circulation commonly observed in diabetes [5]. 

Cardiac autonomic neuropathy is a well-recognized 
complication of diabetes and is associated with 
abnormalities in heart rate variability and impaired 
heart rate recovery following exercise. These 
abnormalities contribute to reduced exercise 
tolerance and may increase the risk of adverse 
cardiovascular outcomes [6]. Therefore, assessment 
of cardiovascular responses during exercise testing 
provides valuable insights into functional capacity 
and autonomic regulation in individuals with 
diabetes. 

Exercise stress testing, particularly treadmill testing 
using standardized protocols, is a practical and 
widely used method to evaluate exercise capacity 
and cardiovascular responses. Parameters such as 
exercise duration, metabolic equivalents (METs), 
heart rate response, and blood pressure changes 
during exercise can provide important information 
about cardiovascular performance and functional 
limitations [7]. Despite the growing burden of 
T2DM, data evaluating exercise capacity and 
cardiovascular responses in diabetic populations 
remain limited in many clinical settings. 

Therefore, the present study was undertaken to 
assess exercise capacity and cardiovascular 
responses in patients with Type 2 Diabetes Mellitus 
and to compare these parameters with those of 
healthy individuals. 

 

 

Material and Methods 

Study Design and Setting: A hospital-based cross-
sectional observational study was carried out at a 
tertiary care teaching hospital. The objective of the 
study was to evaluate exercise capacity and 
cardiovascular responses among patients diagnosed 
with Type 2 Diabetes Mellitus. 

Study Population: The study included adult 
patients with previously diagnosed Type 2 Diabetes 
Mellitus attending the outpatient and inpatient 
services of the Department of Medicine. Age- and 
sex-matched apparently healthy individuals without 
diabetes were recruited as controls for comparison. 

Sample Size: The sample size was determined 
based on previous studies evaluating exercise 
tolerance and cardiovascular responses among 
patients with Type 2 Diabetes Mellitus, which 
reported a moderate difference in exercise capacity 
parameters between diabetic and non-diabetic 
populations [8,9]. Assuming a confidence level of 
95%, power of 80%, and an expected moderate 
effect size, a minimum sample size of 90 
participants was calculated. To account for potential 
incomplete tests and exclusions, a total of 120 
participants were enrolled in the study. 

The study population was divided into two groups: 

• Group A: 60 patients with Type 2 Diabetes 
Mellitus 

• Group B: 60 age- and sex-matched healthy 
controls 

Inclusion Criteria: Participants were included in 
the study if they met the following criteria: 

1. Adults aged between 30 and 65 years. 
2. Patients with established Type 2 Diabetes 

Mellitus diagnosed according to standard 
clinical and biochemical criteria. 

3. Duration of diabetes of at least one year. 
4. Individuals who were able to perform treadmill-

based exercise testing. 

For the control group, individuals without diabetes, 
cardiovascular disease, or other chronic systemic 
illness were included. 

Exclusion Criteria: Participants were excluded if 
they had: 

1. Known ischemic heart disease, heart failure, or 
significant valvular heart disease. 

2. Uncontrolled hypertension (blood pressure 
≥180/110 mmHg). 

3. Severe respiratory disorders that could interfere 
with exercise testing. 

4. Musculoskeletal or neurological conditions 
limiting physical activity. 

5. Acute illness or infection at the time of 
assessment. 

6. Pregnancy. 
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Data Collection: After obtaining informed written 
consent, demographic and clinical information was 
recorded using a structured data collection form. 
Data included age, sex, duration of diabetes, body 
mass index (BMI), blood pressure, and current 
medications. Laboratory investigations included 
fasting blood glucose and glycated hemoglobin 
(HbA1c) levels to assess glycemic status. 

Assessment of Exercise Capacity: Exercise 
capacity was evaluated using a standardized 
treadmill exercise test (TMT) performed according 
to the Bruce protocol. Participants were instructed to 
avoid heavy meals, caffeine intake, and vigorous 
physical activity for at least 12 hours before the test. 
During the test, the following parameters were 
recorded: 

• Resting heart rate and blood pressure 
• Maximum heart rate achieved during exercise 
• Duration of exercise 
• Metabolic equivalents (METs) achieved 
• Time to onset of fatigue 
• Recovery heart rate at 1 and 3 minutes post-

exercise 

Exercise capacity was primarily assessed based on 
the total exercise duration and METs achieved. 

Cardiovascular Response Assessment: 
Cardiovascular responses during exercise were 
evaluated by measuring: 

• Heart rate response to exercise 
• Systolic and diastolic blood pressure changes 

during exertion 
• Heart rate recovery after exercise 
• Rate-pressure product (heart rate × systolic 

blood pressure) 

Electrocardiographic monitoring was performed 
continuously throughout the exercise test to identify 
any arrhythmias or ischemic changes. 

Statistical Analysis: Data were entered into 
Microsoft Excel and analyzed using Statistical 
Package for the Social Sciences (SPSS) version 
25.0. Continuous variables were expressed as mean 
± standard deviation, while categorical variables 
were presented as frequencies and percentages. 
Comparisons between diabetic patients and controls 
were performed using the independent sample t-test 
for continuous variables and the chi-square test for 
categorical variables. A p-value of less than 0.05 
was considered statistically significant. 

Results 

A total of 120 participants were included in the 
study, comprising 60 patients with Type 2 Diabetes 
Mellitus and 60 age- and sex-matched healthy 
controls. The baseline demographic and clinical 
characteristics of the study population are presented 
in Table 1. The mean age of patients with Type 2 

Diabetes Mellitus was 54.3 ± 8.1 years, while the 
control group had a mean age of 52.7 ± 7.6 years. 
The gender distribution was comparable between the 
two groups, with 34 males and 26 females in the 
diabetic group and 32 males and 28 females in the 
control group. Body mass index was significantly 
higher among patients with diabetes compared with 
controls (27.8 ± 3.9 kg/m² vs 25.6 ± 3.4 kg/m², p = 
0.002). Additionally, systolic and diastolic blood 
pressures were significantly elevated in the diabetic 
group compared with controls (p < 0.05) (Table 1). 

Laboratory parameters of the study participants are 
summarized in Table 2. Patients with Type 2 
Diabetes Mellitus demonstrated significantly higher 
fasting blood glucose levels compared with controls 
(158.6 ± 32.4 mg/dL vs 92.3 ± 10.7 mg/dL, p < 
0.001). Similarly, glycated hemoglobin (HbA1c) 
levels were markedly higher in the diabetic group 
(8.1 ± 1.2%) compared with the control group (5.3 ± 
0.5%) (p < 0.001). Lipid profile analysis revealed 
significantly elevated total cholesterol, low-density 
lipoprotein cholesterol, and triglyceride levels in 
diabetic participants, whereas high-density 
lipoprotein cholesterol levels were significantly 
lower when compared with the control group (p < 
0.05) (Table 2). 

Exercise capacity parameters obtained from the 
treadmill exercise test are presented in Table 3. The 
resting heart rate was significantly higher in patients 
with Type 2 Diabetes Mellitus compared with 
controls (82.4 ± 9.6 beats/min vs 76.8 ± 8.7 
beats/min, p = 0.001). Diabetic patients 
demonstrated a significantly shorter exercise 
duration (7.2 ± 2.1 minutes) compared with healthy 
controls (9.4 ± 2.5 minutes, p < 0.001). Furthermore, 
the maximum heart rate achieved during exercise 
was lower in the diabetic group (146.3 ± 15.2 
beats/min) than in controls (154.7 ± 14.8 beats/min, 
p = 0.004). The metabolic equivalents (METs) 
achieved were also significantly reduced in patients 
with diabetes (7.8 ± 1.9) compared with the control 
group (10.1 ± 2.2, p < 0.001). Similarly, time to 
fatigue was shorter among diabetic patients (p < 
0.001) (Table 3). 

The blood pressure response during exercise testing 
is shown in Table 4. Resting systolic blood pressure 
was significantly higher in the diabetic group 
compared with controls (132.6 ± 14.2 mmHg vs 
124.3 ± 11.5 mmHg, p = 0.001). Peak systolic blood 
pressure during exercise was slightly lower among 
diabetic patients compared with controls (178.4 ± 
18.6 mmHg vs 186.7 ± 17.4 mmHg, p = 0.011). 
However, no statistically significant difference was 
observed in peak diastolic blood pressure between 
the two groups (p = 0.132) (Table 4). 

Heart rate recovery and rate pressure product during 
exercise are presented in Table 5. Patients with Type 
2 Diabetes Mellitus demonstrated significantly 
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impaired heart rate recovery at both 1 minute and 3 
minutes following exercise when compared with 
controls (p < 0.001). In addition, the rate pressure 
product at peak exercise was significantly lower 
among diabetic patients (26052 ± 3840) compared 
with the control group (28914 ± 4126) (p < 0.001) 
(Table 5). 

The distribution of exercise capacity based on 
metabolic equivalents achieved is shown in Table 6. 

Poor exercise capacity (<5 METs) was observed in 
23.3% of patients with Type 2 Diabetes Mellitus 
compared with 5.0% of controls. Moderate exercise 
capacity (5–8 METs) was noted in 53.3% of diabetic 
patients and 30.0% of controls, whereas good 
exercise capacity (>8 METs) was observed in only 
23.3% of diabetic participants compared with 65.0% 
of the control group. The difference in exercise 
capacity distribution between the two groups was 
statistically significant (p < 0.001) (Table 6).

  
Table 1: Baseline Demographic and Clinical Characteristics of Study Participants 

Parameter Type 2 Diabetes Mellitus (n=60) Controls (n=60) p-value 
Age (years) 54.3 ± 8.1 52.7 ± 7.6 0.238 
Male/Female 34 / 26 32 / 28 0.703 
Body Mass Index (kg/m²) 27.8 ± 3.9 25.6 ± 3.4 0.002 
Duration of Diabetes (years) 7.4 ± 3.6 — — 
Systolic BP (mmHg) 132.6 ± 14.2 124.3 ± 11.5 0.001 
Diastolic BP (mmHg) 82.7 ± 9.4 78.1 ± 7.6 0.004 

 
Table 2: Laboratory Parameters of Study Participants 

Parameter Type 2 Diabetes Mellitus (n=60) Controls (n=60) p-value 
Fasting Blood Glucose (mg/dL) 158.6 ± 32.4 92.3 ± 10.7 <0.001 
HbA1c (%) 8.1 ± 1.2 5.3 ± 0.5 <0.001 
Total Cholesterol (mg/dL) 196.4 ± 34.7 178.5 ± 29.6 0.003 
LDL Cholesterol (mg/dL) 121.7 ± 28.1 105.3 ± 24.8 0.002 
HDL Cholesterol (mg/dL) 40.6 ± 6.5 46.2 ± 7.1 <0.001 
Triglycerides (mg/dL) 168.2 ± 46.9 132.7 ± 38.5 <0.001 

 
Table 3: Exercise Capacity Parameters During Treadmill Exercise Test 

Parameter Type 2 Diabetes Mellitus (n=60) Controls (n=60) p-
value 

Resting Heart Rate (beats/min) 82.4 ± 9.6 76.8 ± 8.7 0.001 
Exercise Duration (minutes) 7.2 ± 2.1 9.4 ± 2.5 <0.001 
Maximum Heart Rate Achieved (beats/min) 146.3 ± 15.2 154.7 ± 14.8 0.004 
METs Achieved 7.8 ± 1.9 10.1 ± 2.2 <0.001 
Time to Fatigue (minutes) 6.9 ± 2.0 9.0 ± 2.3 <0.001 

 
Table 4: Blood Pressure Response During Exercise 

Parameter Type 2 Diabetes Mellitus (n=60) Controls (n=60) p-value 
Resting Systolic BP (mmHg) 132.6 ± 14.2 124.3 ± 11.5 0.001 
Peak Systolic BP (mmHg) 178.4 ± 18.6 186.7 ± 17.4 0.011 
Resting Diastolic BP (mmHg) 82.7 ± 9.4 78.1 ± 7.6 0.004 
Peak Diastolic BP (mmHg) 88.9 ± 10.2 86.3 ± 8.7 0.132 

 
Table 5: Heart Rate Recovery and Rate Pressure Product 

Parameter Type 2 Diabetes Mellitus (n=60) Controls (n=60) p-value 
Heart Rate Recovery at 1 min (beats/min) 16.8 ± 5.2 22.4 ± 6.1 <0.001 
Heart Rate Recovery at 3 min (beats/min) 34.6 ± 8.9 42.1 ± 9.3 <0.001 
Rate Pressure Product at Peak Exercise 26052 ± 3840 28914 ± 4126 <0.001 

 
Table 6:  Distribution of Exercise Capacity Based on METs Achieved 

Exercise Capacity Type 2 Diabetes Mellitus (n=60) Controls (n=60) p-value 
Poor (<5 METs) 14 (23.3%) 3 (5.0%) <0.001 
Moderate (5–8 METs) 32 (53.3%) 18 (30.0%) 
Good (>8 METs) 14 (23.3%) 39 (65.0%) 
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Discussion 

The present study evaluated exercise capacity and 
cardiovascular responses in patients with Type 2 
Diabetes Mellitus and compared these findings with 
those of healthy controls. The results demonstrated 
that patients with diabetes had significantly reduced 
exercise duration, lower metabolic equivalents 
(METs), and diminished maximal heart rate during 
treadmill exercise testing. In addition, diabetic 
participants showed impaired heart rate recovery 
and altered blood pressure responses during 
exertion, indicating compromised cardiovascular 
adaptability. 

In the present study, patients with Type 2 Diabetes 
Mellitus demonstrated significantly lower exercise 
capacity compared with the control group, as 
reflected by reduced exercise duration and METs 
achieved. These findings are consistent with 
previous research indicating that individuals with 
T2DM frequently exhibit reduced cardiorespiratory 
fitness and impaired exercise tolerance. A 
systematic review and meta-analysis reported that 
adults with T2DM have significantly lower peak 
oxygen uptake (VO₂ peak), reflecting reduced 
aerobic capacity when compared with non-diabetic 
individuals [10]. Similarly, other studies have shown 
that the presence of T2DM is independently 
associated with reduced peak aerobic capacity and 
poorer functional performance [11]. 

The reduced exercise capacity observed in diabetic 
patients may be attributed to multiple physiological 
mechanisms. Previous studies suggest that exercise 
intolerance in T2DM results from a combination of 
impaired cardiac output response, reduced skeletal 
muscle oxygen utilization, endothelial dysfunction, 
and abnormalities in peripheral circulation during 
physical activity [12]. In addition, chronic 
hyperglycemia and insulin resistance may lead to 
structural and metabolic changes in skeletal muscle 
that contribute to early fatigue and diminished 
physical performance [13]. 

Another important finding of the present study was 
the significantly higher resting heart rate and 
impaired heart rate recovery following exercise in 
patients with T2DM. Heart rate recovery after 
exercise reflects autonomic nervous system 
function, particularly parasympathetic reactivation. 
Previous studies have demonstrated that delayed 
heart rate recovery is commonly observed in 
individuals with diabetes and is strongly associated 
with cardiac autonomic neuropathy [14]. Reduced 
heart rate recovery has also been reported as an 
important predictor of cardiovascular morbidity and 
mortality in patients with T2DM [15]. 

The present study also observed differences in blood 
pressure response during exercise between diabetic 
patients and healthy controls. Abnormal 

cardiovascular responses during exertion have been 
reported in individuals with diabetes, possibly due to 
autonomic dysfunction and impaired vascular 
regulation. A study evaluating cardiovascular 
responses during functional exercise testing reported 
higher heart rate and systolic blood pressure 
responses among individuals with T2DM compared 
with healthy subjects, suggesting increased 
cardiovascular workload during physical activity 
[16]. 

Furthermore, our findings showed that a greater 
proportion of diabetic participants had poor exercise 
capacity (<5 METs) compared with controls. 
Reduced exercise capacity is clinically important 
because it has been associated with increased 
cardiovascular risk and adverse outcomes. Previous 
research has demonstrated that lower exercise 
capacity and abnormal heart rate recovery are 
associated with higher incidence of cardiovascular 
events in individuals with metabolic disorders and 
diabetes [17]. 

Overall, the findings of the present study support 
existing evidence that Type 2 Diabetes Mellitus is 
associated with impaired functional capacity and 
abnormal cardiovascular responses during exercise. 
These alterations may reflect underlying autonomic 
dysfunction, impaired peripheral oxygen utilization, 
and reduced cardiovascular efficiency. Early 
identification of these abnormalities through 
exercise testing may help in risk stratification and 
guide interventions aimed at improving 
cardiovascular fitness. Lifestyle modifications 
including regular aerobic exercise, improved 
glycemic control, and cardiovascular risk 
management may play an important role in 
improving exercise tolerance and reducing long-
term complications in patients with Type 2 Diabetes 
Mellitus [18]. 

Conclusion 

Patients with Type 2 Diabetes Mellitus 
demonstrated significantly reduced exercise 
capacity and altered cardiovascular responses 
compared with healthy individuals. Diabetic 
participants showed shorter exercise duration, lower 
metabolic equivalents achieved and reduced 
maximum heart rate during treadmill testing. In 
addition, impaired heart rate recovery and 
differences in blood pressure response during 
exercise were observed, suggesting underlying 
autonomic dysfunction and diminished 
cardiovascular adaptability. These findings indicate 
that Type 2 Diabetes Mellitus is associated with 
decreased functional exercise capacity and 
suboptimal cardiovascular performance, 
highlighting the importance of early cardiovascular 
evaluation and targeted lifestyle interventions, 
including regular physical activity and optimal 
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glycemic control, to improve cardiovascular fitness 
and overall clinical outcomes in this population. 
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