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Abstract: Type 1 diabetes is fatal unless treated with insulin. Exercise interventions have been shown to be as efficient as
the pharmaceutical agents to improve glycaemic control. The aim of the current study was to determine the effect of aerobic
exercise on possible mechanisms controlling insulin resistance. Forty diabetic type 1 patients of both sexes (20 females and 20
males) were participated in the study. They were randomly divided into two equal groups. Study group comprised of 20
patients participated in a supervised moderate-intensity aerobic exercise program performed on bicycle ergometer for 50
minutes, 3 times per week, for 8 weeks, in addition to their medical treatment while the control group received only their
medical treatment. The result showed that a significant decrease in insulin resistance in the Study group as compared to the
control group. The mean values of adiponectin were significantly increased from 5.85+0.65 to 6.6+0.56 in the study group.
The mean values of Malondialdehyde (MDA) and fasting glucose were significantly decreased from 7.24+0.98, 146.88+11.42
to 6.45%0.95, 133.87+11.99 respectively in the study group. It can be concluded that acrobic exercise has a positive effect on
decreasing insulin resistance and hence decrease the incidence of diabetic complications.
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will have a major impact in implementing these programs
over the next 10 years. [3].

Adiponectin known as a gelatin binding protein-28 (GBP-
28) is an adipose tissue-specific collagen-like molecule
described in 1996 and expressed exclusively in adipocytes. It
is present in human circulation in high levels (5-30mcg/ml)
accounting for 0.01% of plasma proteins, with slightly higher
levels in women than men. It has been shown to have anti-
diabetic, anti-atherosclerotic and anti-inflammatory functions.
Studies provide promising results for diagnostic and
therapeutic role of adiponectin in obesity, insulin resistance
and diabetes [4].

Oxidative stress products do not originate exclusively in
the lungs, as they are formed in situ from the phospholipids
of the cellular membranes and lipoproteins. After they are
released to extracellular space, they circulate in the plasma
and may be detected in urine. Oxidative stress is a
phenomenon associated with pathogenetic mechanisms of
several diseases, including atherosclerosis, cancer, diabetes
mellitus and inflammatory diseases, as well as with aging

1. Introduction

Diabetes mellitus, often simply referred to a group of
metabolic diseases in which a person has high blood sugar,
either because body does not produce enough insulin, or
because cells do not respond to the insulin that is produced
[1]. It is a disorder of glucose metabolism and is classified
into multiple types based on underlying pathophysiology.
The two most common types of diabetes are type 1 and type
2. Type 1 diabetes mellitus (T1DM) is characterized by an
absolute deficiency of insulin, and is seen most often in
children and adolescents. The classical symptoms are
polyuria (frequent urination), polydipsia (increased thirst),
polyphagia (increased hunger), and weight loss [2].

Successful model of exercise can control type 1 diabetic
patients. It reduces hospital admissions, improves diabetic
control, and improves quality of life scores. Patients may be
unwilling or unable to be accountable for health care
coordination. The development of exercise policies and the
adjustment in financial rewards to health care organizations
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processes. The levels of oxidative stress markers in plasma
and urine, especially of 8-isoprostane and MDA reflect
systemic production in diseases such as diabetes,
hypertension and renal diseases [5].

Malondialdehyde (MDA) is a major player in low density
lipoprotein (LDL) modification and is a product of the
peroxidation of arachidonic, eicosapentaenoic  and
docosahexaenoic acids. The pathologic effects of LDL
include the induction of atherosclerosis (by stimulating
monocyte infiltration and smooth muscle cell migration and
proliferation), atherothrombosis (by inducing endothelial cell
apoptosis), and plaque erosion (by impairing the endothelial
anticoagulant balance). Although microvascular and
macrovascular complications of DM are known to increase
with DM duration [6, 7].

Few longitudinal studies showed the preventive effect of
fitness on metabolic syndrome [8]. Exercise interventions
have been shown to be as efficient as the pharmaceutical
agents to improve glycaemic control. Aerobic exercise has
positive benefits for those who have type 1 diabetes. It can
lower blood sugar levels, improve insulin sensitivity,
strengthen the heart, lowers blood pressure, improves
cholesterol levels, and decreases body fat [9, 10].

Exercise is an effective non-pharmacological treatment to
increase adiponectin level and decrease risks of ischemic
heart disease. Although the basic mechanisms involved in
changes in adiponectin levels through exercise have not yet
been fully understood, negative energy balance appears to be
more effective in adiponectin increase [11].

Acutely, in response to a single bout of exercise, a pro-
inflammatory response is generated (increase in circulating
leukocytes and in systemic concentrations of pro-inflammatory
cytokines and chemokines), whose damaging potential is
limited by simultaneous activation of anti-inflammatory
mechanisms. Conversely, repeated exercise training results in
significant reduction of the systemic inflammatory state [12]. It
has an important role on the decrease of oxidative stress
parameter and thus it may has a possible protective effect
against oxidative stress in diabetics [10]

Thus, the results of studies on the effects of aerobic
training on adiponectin and Malondialdehyde (MDA) still
controversy. Therefore the purpose of this study was to
investigate whether 8 weeks of aerobic training would affect
serum adiponectin and MDA in patients with type 1 diabetes
mellitus which can, not only improve glycemic control, but
also substantially improve capacity for independent living
and enhanced quality of life.

2. Materials and Methods

2.1. Subjects Characteristics and General Experimental
Design

Study Subjects: forty patients with type 1 diabetes were
recruited from the outpatient-clinic of internal medicine of
Brket El-Sabh General Hospital with age ranged from 25 to
35 years old and body mass index (BMI) ranged from 30 to

349 kg/m2 (class T obesity). They diagnosed as diabetic
patients before the age of 30 with fasting glucose level
ranged from 6.2-9.5 mmol/L and only on insulin medications
use being required within the first year of diagnosis and/or
diabetic ketoacidosis presence or a trend ketosis, they were
free from cardiovascular and respiratory problems such as
unstable angina, myocardial infarction and chronic chest
diseases as well as free from autonomic neuropathy and
orthopedic problems. They were not participated in any form
of regular physical activity and were instructed not to make
any diet throughout the study.

2.2. Evaluated Parameters

2.2.1. Anthropometric Measurements

Weight and height were measured by Standard height and
weight scale (floor type model; ZT-120, made China) to
measure BMI. In indoor clothing without shoes, and BMI
was calculated as weight (kg)/ height (m®) [13].

2.2.2. Laboratory

Disposable plastic syringes were used to draw 3 ml of
venous blood samples and polypropylene tubes with EDTA
to keep blood samples. Serum Adiponectin level and serum
malondialdehyde (MDA) were measured by ELISA method
also fasting serum glucose was measured.

Subjects were assigned randomly into two groups equal in
number: Study group: fifteen matching patients were
participated in a supervised moderate-intensity aerobic
exercise program performed on bicycle ergometer for 50
minutes, 3 times per week, for 8 weeks, in addition to their
medical therapy, Control group: fifteen matching patients
were received their medications only. All sessions were
supervised and participation assessed. All patients were free
to withdraw from the study at any time. All participants
provided their informed consent after receiving a detailed
explanation of the study. The data of all the patients were
available.

2.3. Treatment Procedures Moderate-Intensity Aerobic
Exercise Program

2.3.1. Mode of Training
Cycle ergometer was used in the aerobic training of the
patients in the study group.

2.3.2. Intensity and Duration of Training

The study group was undergone 50 minutes of aerobic
training with a target heart rate of 65% of their age-predicted
maximum heart rate [14].

Frequency of training:

Three times a week for eight weeks with a total of 24
sessions.

2.3.3. Training Session Will Consist of

A) The warming up: consists of 5-10 minutes pedaling on
the cycle ergometer at low speed.

B) The active training phase: 30 minutes with a target
heart rate of 65% of their age-predicted maximum heart rate.
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C) The cool down: consists of 5-10 minutes pedaling at
low speed.

Table 1. Descriptive statistics for comparing the mean age, weight and
height of study and control groups.

Malondialdehyde (MDA) and fasting glucose were
significantly decreased in the study group. This means that in

Table 2. Mean value and significance of adiponectin pre and post study at
both groups.

Groups Study group Control group  P-Value Sig Adiponectin mg/dl  Pre- study Post-study MD  P-value
Age (years) 29.2+5.02 29.2+5.47 1.00 NS Study group 5.85+0.65 6.6£0.56 0.75  00.0001
Weight (kg) 87.35+7.88 91.65+9.83 0.135 NS Control group 6.49+0.71 6.44+0.73 0.05 0.205
Height (cm) 164.25+7.36 164.35+8.59 0.969 NS

Age-predicted maximum heart rate= 220-age [15].

2.3.4. The Cool Down
Consists of 5-10 minutes pedaling at low speed.

2.4. Statistical Analysis

The mean values of serum adiponectin, serum
malondialdehyde (MDA) and fasting serum glucose obtained
before and after 8 weeks of training program. All these
findings allowed the researchers to conduct parametric
analysis. Accordingly, 2x2 mixed design MANOVA was
used to compare the tested variables of interest at different
tested groups and measuring periods (P < 0.05).

3. Results

The study involved forty patients of both sexes with type 1
diabetes. Their age ranged from 25 to 35 years. The patients
were assigned into two groups equal in number: the first
group (study group) received a supervised moderate-intensity
aerobic exercise program performed on bicycle ergometer for
50 minutes, 3 times per week, for 8 weeks, in addition to
their medical therapy. The second group (control group)
received their medications only in order to investigate the
effect of 8 weeks of aerobic training on serum adiponectin,
MDA and fasting glucose in patients with type 1 diabetes
mellitus. (Table 1) represented non significance difference
between both groups in age, weight and height. The mean
values of adiponectin were significantly increased from
5.85+0.65 to 6.6+0.56 in the study group and from 6.49+0.71
to 6.44+0.73 in control group (Table 2). The mean values of
Malondialdehyde (MDA) and fasting glucose were
significantly decreased from 7.2+0.98, 146.88+11.42 to
6.45+0.95, 133.87+11.99 respectively in the study group and
from 6.65+0.81, 139.7+13.53 to 6.62+0.85, 138.05+14.56 in
control group (Table 3 and table 4). So, it can be concluded
that eight weeks of aerobic exercises have a positive effect on
serum adiponectin, MDA and fasting glucose in patients with
type 1 diabetes mellitus which reflect a positive effect on
decreasing insulin resistance and hence decrease the
incidence of diabetic complications.

4. Discussion

The current study was conducted to determine the effect of
aerobic exercise on possible mechanisms controlling insulin
resistance. The mean values of adiponectin were significantly
increased in the study group and also mean value of

Table 3. Mean value and significance of malondialdehyde (MDA) pre and
post study at both groups.

Malondialdehyde

Jnj, (MDA) Pre- study Post- study MD P-value
Study group 7.2+0.98  6.45+0.95 0.755 00.0001
Control group 6.65+0.81  6.62+0.85 0.03 0.425

Table 4. Mean value and significance of fasting glucose pre and post study
at both groups.

fasting glucose Pre- study Post- study MD P-value
Study group 146.88+11.42  133.87£11.99  13.005  00.0001
Control group  139.7+13.53 138.05+14.56  1.655 0.023

patients with type 1 diabetes mellitus, aerobic exercise
have a positive effect on improving adiponectin, MDA and
fasting glucose which decrease insulin resistance and
decrease tendency of diabetic complications.

Malondialdehyde (MDA) is an important marker which
may reflect low-grade systemic inflammation. MDA is
produced in various tissues under diabetic conditions and has
often been implicated in the pathogenesis of micro and macro
vascular diseases observed in diabetic individuals. An
association between physical inactivity and low grade
systemic inflammation has been demonstrated in cross
sectional studies [16].

Plasma levels of adiponectin inversely correlates with
body mass index (BMI), intra-abdominal fat, and indices of
insulin resistance. Many studies suggested that adiponectin is
an important regulator of insulin sensitivity and glucose
homeostasis and several studies have established an inverse
relationship between the amount of physical activity and
proinflammatory cytokines in obesity, diabetes, and the
metabolic syndrome. Many believe that the beneficial effect
of exercise is partly mediated through changes in the
adipokines profile by increasing anti-inflammatory cytokines
and decreasing proinflammatory ones. Exercise increases
insulin sensitivity through reduction of resting levels of TNF-
a and CRP and augmentation of adiponectin levels [17].

Exercise has been accepted and generally recommended
for the management of type 1 diabetes mellitus (T 1D) and for
improving the overall quality of life in affected individuals.
In addition to increasing aerobic fitness, reducing
cardiovascular risk factors, and reducing bodyweight and
body fat, physical activity develops and maintains chronic
glycemic control by enhancing insulin sensitivity and
stimulating muscle glucose uptake. The American College of
Sports Medicine (ACSM) has published a guideline for
exercise testing and prescription in T1D which recommends
that individuals with T1D need to work out for 2045
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minutes at an intensity of 40-60% of their maximal oxygen
consumption (VO2max) for 5-7 days/week, or daily at low to
moderate intensity [18].

In current study two patients developed acute mild
hypoglycemic attacks during the exercise treated with
nutritional support. Their glucose level reached 4.7 and 4.4
mmol/l respectively. Both patients were evaluated at the time
of the glycemic attack with the physician on call. Their
current session was cancelled and they continued their
program with more close observation.

The current study was early supported by Svensson and
Eriksson [19] which indicates that the change in the amount
of body fat contributes to the change in insulin resistance
over time in T1D patients and on theother hand, in another
study, strength training has enhanced insulin sensitivity and
improved glucose tolerance.

Sundell [20], Colberg et al [21] and Shakil-Ur-Rehman [22]
agree with current results (a combination of strength and
aerobic training) showed that there was a significant
improvement in chronic glycemic control compared with a
no exercise group. A possible explanation for this is the
combined effect of a greater use of glucose, caused by an
increased muscle mass and the decreased insulin resistance.

In agreement with our study, ARSLAN et al [15] who
concluded that 12-week, aerobic-training program, without a
concomitant weight loss diet, was associated with significant
decrease in MDA levels in diabetic individuals and Michael
et al [21] reported that exercise improves insulin resistance
and glucose tolerance, and these adaptations may, in part, be
related to reductions in inflammation and oxidative stress.

Gordon et al [10] agree with our study and suggested that
Hatha yoga exercise and conventional physical therapy
exercise may have therapeutic preventative and protective
effects on diabetes mellitus by decreasing oxidative stress
and improving antioxidant status. The control of glycaemia
and the decreased lipid profile parameters using aerobic
exercise are important influences on the decrease of this
oxidative stress parameter and provide more support for the
rational of a possible protective effect of aerobic exercise
against oxidative stress in diabetics.

Rector et al [22] found that diet and exercise induced
weight loss (10%) improved measures of insulin sensitivity
and beneficially altered biomarkers of oxidative status. In
another agreement with our study, Ibanez et al [23]
concluded that regular exercise can strengthen antioxidant
defenses and may reduce oxidative stress.

In agreement with our results supervised exercise program
for 10 weeks significantly improved insulin sensitivity and
increased adiponectin levels in healthy subjects Lim et al
[24]. Furthermore, 2 weeks of long skiing exercise resulted in
increased adiponectin levels in healthy men Eriksson et al
[25].

Study of plasma adiponectin levels in inactive,
abdominally obese men showed that both acute and short
term (one week) aerobic exercise training significantly
increased plasma values Saunders et al [26] and another
study who concluded that aerobic training program for 3

months leads to increased plasma adiponectin levels with a
significant reduction in body fat mass without changes in
body weight.

The results of the current study come in agreement with
Oberbach et al [27] who conducted a 4-week program
including swimming exercise alternating with running or
biking, resulted in improvement in insulin sensitivity and
plasma adiponectin concentrations in patients with IGT and
T2DM, but not in the normal subjects and another human
study revealed that 4 weeks of aerobic exercise training
increased adiponectin concentration and AdipoR1 expression
in the skeletal muscles of the subjects with IGT and T2DM
as well as the normal subjects Bluher et al [28].

The duration of the training period is an important
influencing factor for decreasing blood glucose levels. Blood
glucose levels decreased significantly only in training studies
that lasted for more than 3 months. While blood glucose
levels are inversely correlated with the duration (minutes) of
the exercise training, the amount (times/week) of training per
week can also influence the blood glucose levels. Besides
this, baseline glycemic control is also an important predictor
of blood glucose improvement due to training. Blood glucose
decreases significantly more in T1D individuals with poor
glycemic control compared with individuals with good
glycemic control Tonoli et al [18]

Lehman et al [29] demonstrated only a slight decrease in
blood glucose in well controlled subjects who performed
exercise training. This might suggest that exercise can be
beneficial in order to maintain a good glycemic control in
TID subjects. Cardiopulmonary training adaptations are
greater in patients with T1D who maintain good glycemic
control Baldi et al [30]

Aerobic and strength training have different actions in the
body and can therefore influence glycemic control through
different pathways, for example, fat mass decrease after a
period of aerobic training Ismail et al [31].

In disagreement with our results, acute episodes of mild or
moderate exercise in healthy, lean subjects do not affect
adiponectin levels Bobbert et al [32].

The results of current study revealed a significant reduction
in insulin resistance and serum MDA, with a significant
increase in serum adiponectin in the study group compared
with the control group. There was a non-significant change in
BMI in both groups at the end of the study.

These results demonstrated that aerobic exercise may
improve insulin resistance and this improvement may be
mediated, at least in part, by the increase in serum
adiponectin and the decrease in serum MDA, without a
significant change in BMI. So, aerobic exercise is
recommended as an effective therapeutic tool which helps in
controlling plasma glucose level and preventing
complications in type 1 diabetic patient.

5. Conclusion

The results of this study support the importance of exercise
training program on type 1 diabetic patients and showed that
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aerobic exercise has a positive effect on decreasing insulin
resistance and hence decrease the incidence of diabetic
complications. Also, the results of this study demonstrated
that the improvement in insulin resistance may be mediated
by the increase in adiponectin level and the reduction in
MDA, independent of change in BMI, after aerobic exercise
program.

In summary, it can be concluded that individuals with type
1 diabetes mellitus who follow this exercise program may
benefit regarding improved insulin resistance, in addition to
the beneficial effects of increased adiponectin (insulin
sensitizer, anti-inflammatory, and antiatherogenic) and
reduced MDA (oxidative stress marker) which can, not only
improve glycemic control, but also substantially improve
capacity for independent living and enhanced quality of life.
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