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ABSTRACT 
Background & objectives: Diabetes is a strong risk factor for premature coronary heart 

disease and cardiovascular disease mortality. Potential maintenance strategy could be home-

based resistance training, which may foster long-term adherence through greater convenience 

and flexibility. Methods: A total of 37 subjects with type 2 diabetes were recruited, 19 in 

experimental group (Home-based combined aerobic-resisted exercise) and 18 in control group 

(aerobic exercise)  by block randomization. The experimental group subjects were given brisk 

walking gradually progressed to 150min/week at a moderate RPE of 12–14 for three months 

where as in control group, 3 days/week brisk walking (for 30 minutes/day) and resisted exercise 

with elastic bands (30min/day) for 2 days/week for 3 months. Glycosylated haemoglobin 

(HbA1c) and Diabetes Quality of Life Brief Clinical Inventory questionnaire was assessed 

before training (i.e. 0 wk) and after 3months of training. Results: Glycosylated haemoglobin 

levels decreased significantly (P<0.05) both in experimental group and control group. There 

was also an improvement in quality of life on the 15-item DQOL Brief Clinical Inventory. 

Conclusions: Home-based combined aerobic-resisted exercise program leads to significant 

improvement in values of HbA1C and had effects that were greater than aerobic alone. There 

was also an improvement in quality of life in combined group compared to aerobic training 

group alone. 

______________________________________________________________________ 

INTRODUCTION 

Diabetes is a group of metabolic disorders 

characterized by hyperglycemia resulting 

from defective insulin secretion, insulin 

action or both.
1 

It is an epidemic, projected 

to affect 5.4% of world‘s adult population 

by 2025.
2
 In India 19.4 million population 

is affected by diabetes and is likely to go 

up to 57.2million by 2025.
3
 

This increase is alarming because diabetes 

is a strong risk factor for premature 

coronary heart disease and cardiovascular 

disease mortality.
4
 Hyperglycemia causes 

complications such as peripheral vascular 

disease, neuropathy, retinopathy, and 

nephropathy.
5 

Usually glycemic control can be assessed 

with fasting plasma glucose, pre-meal 

glucose concentration, as well as by 

HbA1c.
6
 Hemoglobin A1c value reflects 

overall glycemic control.
4
 It is a good 

estimate of how well the diabetes is being 

managed over 2 to 3 months.
7
 The 

measurement of HbA1c is the most 

accepted indicator of glycemic control.
6 

Exercise has been found to significantly 

decrease HbA1c levels and hence improve 

glycemic control to a clinically significant 
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degree.
8
 Types of exercise program used in 

diabetes include aerobic exercise, resisted 

exercise, and combined aerobic-resisted 

exercise. 
1, 4, 7, 9-14 

Most
 
trials have used supervised exercise 

sessions in laboratories
 
or exercise facilities 

to assess the effectiveness of training 

programs. Because
 

maintenance of good 

glycemic control is a long-term 

consideration,
 
strategies to facilitate regular 

long-term participation in training are 

needed.
  

One potential maintenance strategy could 

be home-based resistance
 
training, because 

this may foster long-term adherence 

through
 

greater convenience and 

flexibility.
15 

Limited literature is available 

for evaluating effect of home based 

exercise programs on glycemic control in 

type-2 diabetes in India. The aim of the 

study was to evaluate effect of home-based 

aerobic and combined aerobic-resisted 

exercise program in improving glycemic 

control in type-2 diabetes. 

 

METHODOLOGY 

The study was approved by the time bound 

ethical committee of Kasturba Medical 

College under Manipal University, 

Mangalore, Karnataka.  Subjects were 

recruited from the patients diagnosed with 

diabetes type 2 and referred for 

physiotherapy during August and February 

2010. The purpose of the study was 

explained to the volunteered and interested 

participants and an informed consent form 

was obtained. Subjects were screened for 

inclusion with full and pain-free active 

range of motion of upper extremity and 

lower extremity, subjects who were able to 

walk self-paced at least for 15 minutes 

without any symptoms and excluded if  

presence of cardiac or respiratory disease, 

severe musculoskeletal impairment, 

uncontrolled  HTN ( baseline BP > 165/95) 

and vascular diseases of  lower extremities. 

A total of forty subjects with type 2 

diabetes fulfilled the inclusion criteria, out 

of which 37 subjects were recruited for this 

study, there was 1 drop out in experimental 

group as patient withdrew from the study 

and 2 subjects were excluded out of the 

study in control group due to lack of follow 

up. Consequently 19 participants in 

experimental group and 18 participants in 

control group were included. 

For both the groups: at the beginning of 

each exercise session five minutes warm up 

(free movements of all joints) and at the 

end of each session five minutes cool down 

was given (stretching and slow walking). 

Subjects in both the
 
groups were instructed 

to keep a daily record of the
 
time and date 

of exercise in the diary. 

Group A: Subjects in this group, brisk 

walking gradually was progressed to 

150min/week for duration of three months. 

Subjects were encouraged to work up to a 

slight sweat and a faster respiratory
 
rate, 

thus working at a moderate RPE of 12–14, 

or ‗somewhat
 
hard‘ according to the Borg 

scale of perceived exertion. 

Group B: Subjects in this group were given 

3 days/week brisk walking (for 30 

minutes/day) and resisted exercise with 

elastic bands (30min/day) for 2 days/week 

at least one day gap in between was been 

given for 3 months. 

Resisted exercise program: larger muscle 

groups-Shoulder-abductors, shoulder-

flexors and extensors, elbow flexors, knee 

extensors, hip abductors adductors-flexors-

extensors, and pectorals. 

Proper instructions and technique for the 

exercise were taught to the subjects. Each 

exerciser started with the lightest band and 

changed bands when no longer felt difficult 

by the end of the exercise. To aid 

participants with their subjective 
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evaluations of perceived exertion, 

exercisers were instructed to evaluate the 

exertion using the Borg scale as a reference 

after completing exercise set.
19 

Subjects were also provided with 

pamphlets consisting of instructions of how 

to do the exercise and how to manage 

complications like hypoglycemia. 

All participants were telephoned regularly 

to monitor adherence, to assist with any 

problems encountered with the program, 

and to provide advice relating to the 

exercise prescription. 

Outcome measures taken pre and post treatment program. 

Primary outcome measure      :     Glycosylated Hb (HbA1c)  Secondary outcome 

measure:  15 item Diabetic quality of life.  

 

              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Flow Diagram for Randomization of patients in the study 

Assessed for eligibility (n=40) 

Block Randomization (n=40) 

Control group (A)     

(n=20) 

Experimental Group (B) 

(n=20) 

Loss of follow up (n=2) Loss of follow up (n=1) 

 

Analyzed (n=18) Analyzed (n=19) 

Completed study (n=37) 
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Statistical analysis 

All statistical analysis were performed 

using the Statistical Package for social 

science (SPSS) version 13.0 software; p-

value of < 0.05 with confidence interval of 

95% was considered statistically 

significant. 

Demographic data, gender, and 

complications like hypertension of subjects 

were analyzed using Chi square (ϰ2
) test & 

student unpaired ‗t‘ test for age and BMI 

and Mann-Whitney U Test for duration of 

diabetes. Two way Analysis Of Variance 

(ANOVA) was used to study the effect of 

intervention between the groups and 

Bonferroni test was used to compare 

change within the groups for both the 

outcome measures HbA1c and 15 item-

DQOL. 

RESULTS 

Age, gender, BMI and duration of diabetes 

were matched and there was no significant 

difference between the groups and both the 

groups were comparable with respect to 

age (p=0.82), gender (p=0.41), BMI 

(p=0.88) and duration of diabetes (p=0.14) 

(Table 1). 

Subjects were on medication that included 

metformin, sulfonylurea or in combination 

to manage their diabetes and subjects who 

were hypertensive were on AC inhibitors 

(Table1). It was seen that the drug regime 

did not change within th study period.The 

compliance towards the exercise was 

scrutinized with help diaries, which showed 

85% compliance.  

HbA1c mean values pre & post of 

experimental/control groups were shown in 

(Table2).There was difference within 

groups p= 0.000 (Table 3) and difference 

between the groups p= 0.037 (table 4). 

HbA1c was found to be statistically 

improved in the experimental group 

compared to the control group.(Graph 1) 

DQOL Brief Clinical Inventory,15 item-

DQOL experimental/control group  mean 

values pre & post (Table 5 ). There was 

difference within groups p= 0.002 (Table 

6) and difference between the groups 

p=0.005.It has been discerned, significant 

improvements in experimental group as 

compared to control group. (Graph 2) 

 

DISCUSSION 

The aim of the present study was to 

compare the effect of home-based aerobic 

and combined aerobic-resisted exercise 

program on glycemic control in type-2 

diabetes, which demonstrated combined 

training program was effectual compared to 

aerobic exercise alone. The study consisted 

of forty subjects with insignificant 

difference in age, gender and BMI in 

between both experimental and control 

groups (p=0.413) with duration of diabetes 

6.38±3.243 (p=0.142).  

The study exhibited high significance in 

reducing the HbA1c by combined aerobic-

resisted exercise program. Combined 

training program has found to reduce the 

HbA1c levels by 0.47% compared to just 

0.21% in aerobic exercise alone and 0.26% 

(95% confidence interval) difference 

between the groups. A similar study by 

Marcus RL demonstrated 0.59% decrease 

in HbA1c in combined aerobic-resisted 

exercise program and 0.31% reduction in 

aerobic training group, with no difference 

between group.
4 

Several potential mechanisms associated 

with improved glucose control following 

chronic exposure to exercise have been 

proposed. They include biochemical and 

structural adaptations of skeletal muscle 

and systemic influences on physical 

activity. Biochemical adaptations include 
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an up regulation of mitochondrial proteins 

involved in respiration (citrate synthase), 

increased glycogen synthase activity, and 

increase in GLUT4 protein content.  

Structural adaptations from resistance 

training include increase in contractile 

protein content (hypertrophy), resulting in a 

higher basal metabolic rate and, therefore, 

potentially greater absolute glucose uptake. 

Aerobic exercise results in increased 

mitochondrial proteins and improvements 

in the capillary to muscle fiber ratio, 

thereby increasing the distribution of 

substrates. Finally, regional adiposity, 

specifically visceral and intramuscular fat 

stores, is directly related to insulin 

insensitivity via fat-specific cytokine 

mediated pathways, as well as a direct 

influence of intramyocellular fat storage on 

insulin receptor function within muscle 

tissue. Therefore, reduction in fat mass via 

exercise reduces the adverse influence of 

these factors.
21 

This reduction in HbA1c may be due to the 

increase in muscle mass that may result 

from resistance training could contribute to 

blood glucose uptake without altering the 

muscle‘s intrinsic capacity to respond to 

insulin, whereas aerobic exercise enhances 

its uptake via a greater insulin action, 

independent of changes in muscle mass or 

aerobic capacity. It is likely that, due to 

different mechanisms of action, the 

addition of resistance exercise to aerobic 

training can help achieve the targets in 

shorter time than achievable by isolated 

aerobic exercise alone.
16  

In a Cochrane review by Thomas DE et al 

ascertained that the exercise intervention 

significantly improved glycemic control as 

indicated by a decrease in glycated 

haemoglobin levels of 0.6%. This result 

was both clinically and statistically 

significant.
8
  

One of the possible reasons that our results 

were not clinically significant (0.6%) as 

compared to Cochrane review could be due 

to the use of elastic bands for resistance 

training wherein the progression of 

resistance was difficult and also the aerobic 

exercise session consisted of walking. In 

most of the studies the modes exercise 

compared to our study was different, in 

aerobic exercise program the usual mode of 

exercise used were treadmill, stationary 

bicycles, recumbent steppers, elliptical 

trainers, rowing machines, whereas for 

resistance exercise program the modes used 

were dumbbells, barbells, leg press, leg 

curls, hip extension, chest press, latissimus 

pull down using weight machines.  

Another major limitation was that the 

program was a home based and not a 

supervised training program which could 

lead to reduction in adherence to exercise 

training volume and intensity which seem 

to impede the effectiveness of home-based 

training on glycemic control. A study by 

Dunstan DW et al showed that the 

improvement in glycemic control 

associated with supervised resistance 

training was not maintained during the 

home-based training.
10 

 

Our study has also showed amendment in 

quality of life on the 15-item DQOL Brief 

Clinical Inventory, the quality of life was 

better in the combined training group 

compared to the aerobic only training 

group. Likewise ACSM and the ADA: joint 

position statement also stated 

improvements in health-related (SF-36 

physical component scores) quality of 

life.
16 

Potential mechanisms of exercise include 

psychological factors, such as increased 

self-efficacy, a sense of mastery, 

distraction, and changes in self-concept, as 

well as physiological factors such as 

increased central norepinephrine 
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transmission, changes in the hypothalamic 

adrenocortical system, serotonin synthesis 

and metabolism, and endorphins. Thus 

regular physical activity may improve 

psychological well-being, health-related 

QOL.
16

 The rationale behind better 

improvement in QOL in combined training 

group compare to aerobic only training 

group could be because of the satisfaction 

with diabetes control and the amount 

exercise done.  

 

LIMITATIONS 

One of the predicaments that were 

encountered in the present study was the 

durability of the bands, the bands tore and 

did not last for long and had to be change 

regularly, the possible reason could be the 

bands might have been over stretched by 

the subject during the exercises leading to 

its damage. 

Adherence to the prescribed intensity and 

volume of exercise could not be evaluated. 

 

FURTHER RESEARCH 

Studies with longer duration of six to 

twelve months follow up with home based 

exercise program should be done. 

Comparison of elastic band exercise 

program with other modes like free 

weights, or weight machines in diabetic 

population can be studied. Incorporate 

measures to evaluate adherence to the 

prescribed intensity and volume of exercise 

at home based training to be studied. 

 

IMPLICATION FOR PRACTICE 

Adding on resistance exercise over the 

regular aerobic exercise leads to 

considerable improvement blood glucose 

control. An integrated exercise program 

with 3 days/week of brisk walking (for 30 

minutes/day) and resistance exercise with 

elastic bands (30min/day) for 2 days/week, 

at least one day gap in between can be 

performed. 

Based on the results found in our study, 

home-based combined aerobic-resisted 

exercise program leads to significant 

improvement in values of HbA1C and had 

effects that were greater than aerobic alone. 

There was also an improvement in quality 

of life in combined group compared to 

aerobic training group alone.  
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Table 1: Demographic Data 

 EXPERIMENTAL(n=19) CONTROL(n=18) 

Age (yrs) 47±8.35 47.55±6.34 

Male 42.1% 55.6% 

Female 57.9% 44.4% 

BMI (kg/m
2
) 24.23±2.82 24.35±1.53 

Duration of DM (yrs) 5.89±3.9 6.89±2.37 

HTN 47.4% 61.1% 

Medications 

Metformin 13 10 

Sulfonylurea 8 7 

Combination 7 9 

Pioglitazone 5 7 

Insulin 2 4 

Antihypertensive 9 11 

   

BMI- Body Mass Index; HTN- Hypertension; n- Number of subjects 

 

Table 2: HbA1c values 

 N Pre Post 

Experimental group 19 7.48±1.33 7.01±1.195 

Control group 18 8.14±1.19 7.93±1.15 

 

Change in HbA1c within the groups 

Table 3: HbA1c comparison 

Group PRE POST Mean diff Std. Error P value 

Experimental 7.48±1.33 7.01±1.195 0.47 .083 .000 HS 

Control 8.14±1.19 7.93±1.15 0.21 .088 .028 Sig 
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Difference between the experimental and control group. 

Table 4: Difference between groups 

  Mean Diff Std. Error Diff 

Diff in HbA1c Experimental 0.26 0.12 

 Control 

Diff in DQOL Experimental 3.30 1.12 

 Control 

 

 

Graph 1: HbA1c 

 

 

Table 5: DQOL values 

 N Pre Post 

Experimental group 19 33±4.16 29.47±4.64 

Control group 18 32.56±5.94 32.33±6.09 
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Change in DQOL within the groups  

Table 6: DQOL comparison 

Group PRE POST Mean diff Std. Error P value 

Experimental 33±4.16 29.47±4.64 3.526 1.058 .004 HS 

Control 32.56±5.94 32.33±6.09 0.222 .222 .331 NS 

 

Graph 2: 15 item-DQOL 

 

 

 

 

 

 

 

 

 

 

 

 

 


