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Introduction
Diabetes mellitus is defined as a group of metabolic disorders 
with the presentation of hyperglycemia resulting from problems 
in insulin secretion, insulin action (hepatic and peripheral 
glucose uptake), or both. A consequence of this is chronic 
hyperglycemia (that is elevated levels of plasma glucose) with 
disturbances of carbohydrate, fat and protein metabolism [1]. 
Risk factors include diet, obesity, elevated fasting blood sugar, 
lack of exercise, hypertension [2]. Long-term complications 
of diabetes mellitus include retinopathy, nephropathy and 
neuropathy and increased risk of cardiovascular disease [3]. 

Diabetes has now become a global pandemic and unfortunately, 
the prevalence of diabetes is increasing most rapidly among 
developing countries of the world. In India from 1989 to 1995, 
the prevalence of diabetes in Chennai increased by 39.8% (8.3-
11.6%); between 1995 and 2000 by 16.3% (11.6-13.5%) and 
between 2000 and 2004, by 6% (13.5-14.3%). Thus within a span 
of 14 years, the prevalence of diabetes increased significantly 
by 72.3% [4].

For diabetes management, exercise is considered to be 
a cornerstone, along with diet and medication [5]. The 
physiotherapists usually advice diabetic patients to engage in 
either indoor or outdoor exercises and encourage use of fitness 
equipment such as treadmill as it are same as walking. Treadmill 
provides convenience and ease of accessing patients with T2D. 

Exercise capacity can be evaluated by direct laboratory 

measurement [6]. Exercise capacity expressed in terms of 
(VO2) is the common clinical measure of exercise tolerance and 
is strongly influenced by age [7]. Exercise capacity (in VO2) is 
estimated on the basis of the speed and grade of the treadmill 
[8]. VO2 max on the other hand, is defined as the maximal 
amount of oxygen consumed during exercise. In recent decades, 
VO2 max has had a growing importance in clinical settings and 
has become the gold standard measure of cardiovascular fitness 
and exercise capacity [9].

The relative risk of developing Type 2 diabetes increases steeply 
with increasing BMI. Abdominal obesity, as measured by waist-
to-hip ratio, may be a stronger predictor of diabetes than BMI 
alone. As expected, epidemiologic studies have demonstrated 
that these three obesity indicators (Body mass index, Waist 
circumference, Waist hip ratio) are strong and consistent 
predictors of diabetes mellitus, Type 2 [10]. 

According to Adeniyi et al. (2010), the relationship between 
6 minute walk test and correlates of Type 2 Diabetes can be 
determine through cost effective variables include age, gender, 
waist hip ratio and body mass index because they are easily 
measured in the clinic or home setting [11].

Bruce protocol was designed in 1963 by Robert A Bruce The 
Bruce protocol stress exercise test is a maximal exercise test 
in which the individual works to complete exhaustion as the 
treadmill speed and grade of inclination is increased every three 
minutes [12,13]. The length of time on the treadmill is the test 
score and can be used to estimate the VO2 max value. The 
treadmill is started at 2.74 km/hr (1.7 mph) and at a gradient 
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(or incline) of 10%. At three minute intervals the incline of the 
treadmill increases by 2%, and the speed increases [14-18]. 

This study is aimed to determine the exercise capacity using 
Bruce protocol in patients with T2D and to identify its 
relationship with each of the correlates including Age, Glycaemic 
control, and Waist hip ratio, Duration of diabetes, Hypertension 
and Body mass index. The Bruce protocol is normally used as a 
measure of functional exercise capacity of the individual which 
is considered in this study to evaluate whether exercise capacity 
is related with the correlates of the Type 2 Diabetes.

Materials and Methodology
Study setting

For study purpose the Cardio Respiratory lab, Department 
of Physiotherapy, Sri Ramakrishna Institute of Paramedical 
Sciences, Tamil Nadu, India was selected.

Sampling technique

A convenient sampling was used in the study.

Sample size

50 subjects were taken in which there were 28 Males and 22 
Females with Type 2 Diabetes.

Sampling criteria

Inclusion; Patients with below criteria are taken into 
consideration

• Type 2 Diabetes

• Hypertension

• Age>35 years

Exclusion; Peripheral vascular disease

• Autonomic neuropathy

• Advanced nephropathy with renal failure

• Arthritis

• Peripheral nerve injury

Instruments and tools
1. Treadmill (RMS vega 201)

2. ECG Electrodes

3. Ruler

4. Weight apparatus

5. Stadiometer

6. Inch tape

7. B.P apparatus (Mercury Sphygmomanometer)

8. Glucometer

Parameters
1. Age (years)

2. BMI (kg/m2)

3. Fasting blood sugar (mmol/L)

4. Recovery heart rate number

5. Waist hip ratio

6. Duration of diabetes (years)

7. Systolic blood pressure

8. VO2 Max

Procedure
Patients were invited to participate in the study through signed 
informed consent forms. Fifty subjects with Diabetes Type 2 
were selected with convenient sampling and procedure was 
explained to them. Baseline measures such as age, BMI, waist 
hip ratio, duration of diabetes, resting heart rate, fasting blood 
sugar were determined prior to treadmill protocol. The data was 
analyzed using the Mean, Standard deviations and Pearson’s 
correlation coefficient. The eligible subjects underwent 
exercise testing with incremental loading using Bruce protocol. 
ECG electrodes were attached to the participant’s chest and 
monitored throughout the exercise testing. The blood pressure 
was measured after completion of each stage. The participants 
were instructed to continue treadmill walking till voluntary 
exhaustion. During the protocol the grade of inclination 
increased by 2% and the speed increased by 0.8 mph every 3 
minutes for the first five stages with 0.5 mph for the next two 
stages. After the protocol Recovery heart rate was recorded. The 
time taken and stage covered were observed and estimated VO2 
max was calculated at each session. 

The Bruce Protocol formula for estimating VO2 max

 For Men VO2 max=14.8-(1.379 × T)+(0.451 × T²)-(0.012 × T³)

 For Women VO2 max=4.38 × T-3.9

Result
VO2 max

The mean and standard deviation of VO2 max in males and 
females are (30.36 ± 6.965) and (26.22 ± 4.811) respectively.

VO2 max and age

The result showed significant relationship between age and 
VO2 max both in males and females. The mean and standard 
deviation of age in males and females are (55.85 ± 10.42) and 
(58.81 ± 8.688) respectively.

In males correlation coefficient of age and VO2 max r=-0.753 
and P value is ˂0.0001, considered extremely significant. 

In females correlation coefficient of age and VO2 max r=-
0.4834 and P value is 0.0227 considered significant.

VO2 max and BMI

The result showed significant relationship between BMI and 
VO2 max in both males and females. The mean and standard 
deviation of BMI in males and females are (27.85 ± 3.263) and 
(27.72 ± 2.798) respectively.

In males correlation coefficient of BMI and VO2 max r=-0.5384 
and P value is 0.0031 considered very significant.

In females correlation coefficient of BMI and VO2 max 
r=0.7045 and P value is 0.003 considered extremely significant.
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VO2 max and waist hip ratio

The result showed significant relationship between WHR and 
VO2 max in both male and females. The mean and standard 
deviation of waist hip ratio in males and females are (0.980 ± 
0.098) and (0.863 ± 0.063) respectively.

In males correlation coefficient of waist hip ratio and VO2 
max r=-0.5944 and P value is 0.0009 considered extremely 
significant.

In females correlation coefficient of waist hip ratio and VO2 
max r=-0.6122 and P value is 0.0025 considered very significant.

VO2 max and recovery heart rate

The result showed significant relationship between recovery 
heart rate and VO2 max in both males and female. The mean 
and standard deviation of recovery heart rate in males and 
females are (2.575 ± 0.554) and (2.736 ± 0.779) respectively.

For males correlation coefficient of recovery heart rate and VO2 
max r=0.8644. The two tailed P value is ˂0.0001 considered 
extremely significant.

For females correlation coefficient of recovery heart rate 
and VO2 max r=0.8843. The two tailed P value is ˂0.0001 
considered extremely significant.

VO2 max and fasting blood sugar

The result showed no significant relationship between fasting 
blood sugar and VO2 max in both males and female. The mean 
and standard deviation of fasting blood sugar in males and 
females is (141.1 ± 13.96) and (146.31 ± 15.388) respectively.

In males correlation coefficient of fasting blood sugar and VO2 
max r=0.2587 and P value is 0.1838 considered not significant.

In females correlation coefficient of fasting blood sugar and VO2 
max r=0.1729 and P value is 0.4415 considered not significant.

VO2 max and duration of diabetes

The result showed no significant relationship between VO2 max 
and duration of diabetes in both males and females. The mean 
and standard deviation of duration of diabetes in males and 
females are (4.642 ± 2.628) and (5.090 ± 4.720) respectively.

In males correlation coefficient of duration of diabetes and VO2 
max r=-0.2155 and P value is 0.2707 considered not significant.

In females correlation coefficient of duration of diabetes and 
VO2 max r=-0.09462 and P value is 0.6753 considered not 
significant.

VO2 max and systolic blood pressure

The result showed no significant relationship between VO2 max 
and systolic blood pressure in males and females. The Mean 
and Standard deviation of Systolic blood pressure in males and 
females are (165.2 ± 14.68) and (164.54 ± 13.415) respectively.

In males correlation coefficient of systolic blood pressure and 
VO2 max r=-0.8749 and P value is 0.6580 considered not 
significant.

In females correlation coefficient of systolic blood pressure 
and VO2 max r=-.1150 and P value is 0.6102 considered not 
significant.

Discussion
The primary finding of this study was that Bruce protocol 
can be used to evaluate exercise capacity for diabetes type 2 
patients and parameters like age, BMI, waist hip ratio, duration 
of diabetes, fasting blood sugar, recovery heart rate, systolic 
blood pressure were correlated with VO2 max to determine 
their interrelationship.

However in this study it was found that parameters like age, 
BMI, waist hip ratio, recovery heart rate were significantly 
correlated with VO2 max in both males and females whereas 
fasting blood pressure, duration of diabetes, systolic blood 
pressure show no correlation with VO2 max in both males and 
females. The result showed that there is relationship of exercise 
capacity with Age, BMI, waist hip ratio, recovery heart rate but 
no relationship between fasting blood sugar and duration of 
diabetes.

Age

In this study there was significant correlation of Age with VO2 
max. According to Paul M and Wei L peak exercise capacity in 
healthy normal weight population of men and women decline 
naturally with age. Exercise capacity in women is 20% lower 
than in men across the age range. In this study exercise capacity 
was more in males than females. Zhi demonstrated that exercise 
capacity associations with aging, female sex, and obesity, 
impaired exercise capacity in TYPE 2 Diabetes was associated 
with poor diabetes control, LV diastolic dysfunction, and 
reduced HRR [19-23].

BMI

In this study Exercise capacity showed significant correlation 
of BMI with VO2 max [24-28]. Obesity is present in many 
individual with cardiovascular disease and decreases exercise 
capacity to increase in resting metabolic requirements and greater 
respiratory and cardiac work required by obese individual when 
exercising. BMI is a highly significant determinant of exercise 
capacity [29-35]. Obesity determine an increase in fatigue due 
to high BMI that cause increase in work for any given speed 
and inclination of treadmill workload on obese patient consume 
more oxygen have reduce exercise capacity [36-43].

Fasting blood sugar

In this study, exercise capacity showed no correlation with 
fasting blood sugar. Exercise capacity often reduces fasting 
blood plasma insulin level and lower insulin output indicating 
improved insulin sensitivity [44]. The exercise increases the 
blood flow to the working muscle so that the size of the perfused 
capillary bed increases and it thereby increases the available 
number of insulin receptors, counter balancing this increased 
sensitivity to insulin [45].

Waist hip ratio

In this study exercise capacity showed significant correlation of 
waist hip ratio with VO2 max. Waist hip ratio is associated with 
poor gas exchange at rest and during exercise there is decrease 
in Exercise capacity in obese patients is due to added energy 
need to move fat mass during exercise [46]. 
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Recovery heart rate

In this study exercise capacity (VO2) showed significant 
correlation with Recovery heart rate. HR recovery after exercise 
depends on several factors: the intensity of exercise, the cardio 
respiratory fitness, cardiac ANS modulation, hormonal changes 
and baro reflex sensitivity [33,47].

Duration of diabetes

In this study, exercise capacity showed no correlation 
with duration of diabetes. Several studies considered that 
poor glycemic control, disease duration, hypertension and 
dyslipidaemia are to be important risk factors for micro vascular 
complications [48].

Systolic blood pressure 

 In this study exercise capacity showed no correlation with 
Systolic blood pressure. Patrica et al. suggested that in subject 
with Type 2 Diabetes without cardiovascular disease, an elevated 
exercise systolic blood pressure is not associated with reduced 
exercise capacity. The elevated peak exercise SBP observed 
in our subjects is probably partly associated with the arterial 
stiffness observed in subjects with diabetes. In theory, a cascade 
of events will take place following the appearance of arterial 
stiffness: 1) increased after load, 2) reduced stroke volume, 
3) LV remodeling, 4) increased SBP, 5) diastolic dysfunction, 
6) reduced exercise performance and, 7) systolic dysfunction 
results related to elevated peak SBP [49].

Limitations and Recommendations
Limitations

• Sample size is small due to time constrain.

• There may be falsification of individual answers 
intentionally or unintentionally by the patients for 
subjective parameters like age and duration of diabetes. 

• Smoking history was not taken into consideration during 
the study.

• This study was one time study and hence result may have 
varied if it had been carried out at another point in time.

• Relationship between the correlates of T2D was not taken 
into consideration.

Recommendations

• Further research could be done in exercise capacity taking 
a number of confounding factors like cardiovascular 
disease, history of smoking, etc into account.

• Patient of Type-1 Diabetes could be considered.

Conclusion
In summary, as interpretation from the result the exercise 
capacity using Bruce protocol show significant relationship 
between age, BMI, recovery heart rate, waist hip ratio but no 
significant relationship between fasting blood sugar, duration of 
diabetes, systolic blood pressure. Thus result of the study can 
be concluded that Exercise capacity in Type 2 Diabetes using 
Bruce protocol was correlated with age, BMI, waist hip ratio 
and recovery heart rate.
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