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Objective: Cardiovascular complications are the major cause of
reduced lifetime in diabetic patients. Given that physical activity can
play an effective role in reducing these complications, the current
study was conducted with the aim of examining the effects of 8
weeks of aerobic exercise on some cardiovascular risk factors in
women with type 2 diabetes.
Materials and Methods: Twenty women with Type 2 Diabetes
were selected by convenience sampling method and were randomly
divided into two experimental (n=11) and control (n=9) groups. The
exercise protocol included aerobic exercise training for eight weeks
and 3 sessions per week; every session lasted for 60 minutes and
with intensity of 60-70 percent of maximum heart rate reserve.
Blood samples were taken to measure serum high-sensitivity Creactive protein (hs-CRP), glycemia and serum lipids before and
after aerobic training period.
Results: The obtained results indicated a significant decrease in
the levels of hs-CRP, fasting glucose and total cholesterol, and a
significant increase of HDL in the experimental group than controls
(p<0.05). Mean serum concentration of triglycerides and LDL
reduced in the experimental group; however, this reduction was not
statistically significant. None of the changes in the control group
were significant except for increase in the plasma triglycerides
levels.
Conclusion: According to the results of this study, 8 weeks of
aerobic exercise can reduce inflammatory causes as well as
glycemia and lipid profile in women with type 2 diabetes that these
changes can have a desired effect on reducing the risk of
cardiovascular disease in these patients.
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Introduction

D

iabetes mellitus (DM) is one of the
most common metabolic diseases in
the world which is caused by impaired
insulin secretion and insulin resistance (1-3).
According to the International Diabetes

Federation (IDF) currently more than 246
million people around the world are affected
by this disease and by 2025 this figure is
expected to increase to more than 380 million
people (4). Studies have shown that Iran is
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among the countries that are at the increased
risk of diabetes (5). In type 2 DM, high blood
glucose level can cause complications such as
cardiovascular disease and damages to kidneys
and eyes (6). Cardiovascular risk factors can
be divided into two categories. The first set
including hyperlipidemia, diabetes, smoking
and family history of heart disease which have
been studied over the years; The second set of
factors including C-reactive protein (CRP),
homocysteine and fibrinogen which in recent
years have drawn attention to themselves (79). CRP is a plasma component which is made
in liver and its increase is a sign of infectious
diseases or different tissue damages. A trace
amount of this protein has been reported in the
serum and body fluids of healthy people (its
normal level in the serum is 3.5 mg/L). But in
inflammatory reactions, the level of highsensitivity CRP (hs-CRP) will be suddenly
increased up to 30,000 times than normal level
within 6 to 48 hours (10).
Lipid metabolism disorder caused by
inadequate control of hyperglycemia in
diabetic patients is involved in the
development of cardiovascular complications
(11-13). Plasma fatty acids cause dyslipidemia
in diabetes through increasing hepatic very
low-density lipoprotein (VLDL) synthesis,
cholesteryl ester transfer protein, and lowdensity Lipoprotein (LDL-c), as well as
decreasing high-density lipoprotein (HDL-c).
The function of atherogenic lipoproteins, i.e.
increasing triglyceride (TG), increasing LDLc,
and
decreasing
HDL-c)
causes
atherosclerosis and increases the risk of
cardiovascular events (14). Presently, experts
believe that diet and medications are not
sufficient alone to treat and control blood
glucose in diabetic patients, and physical
activity and exercise also have to be added to
the daily program of the diabetic patients (15).
Aerobic exercise is intended to be an essential
part in the medical management of type 2
diabetic patients in order to improve
cardiovascular health in these individuals (16).
Kadoglou, in his study on 50 diabetic women
showed that 16 weeks of aerobic exercise has
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led to reductions in the levels of lipids and hsCRP in the aerobic exercise group compared
to the control group (17). Since diabetic
patients are at risk for cardiovascular disease,
the identification of markers that can be
helpful in diagnosing this disease seems to be
essential in the human societies (18).
Considering the important role of physical
activities in reducing the risk factors of
cardiovascular disease in diabetic patients, and
given the fact that in Iran no research has been
conducted to show the relationship between
the new cardiovascular markers (hs-CRP) and
physical activities in diabetic patients, this
study was done to investigate the effects of
aerobic exercise on some cardiovascular risk
factors in women with type 2 DM.

Materials and Methods
This
study
was
semi-experimental.
Furthermore, its plan was confirmed by
Research Assembly of Physical Education and
Sport Sciences Faculty of Ferdowsi University
of Mashhad (Iran). During the first stage, the
subjects of this study were twenty women with
type II diabetes who were selected by
convenience sampling method and were
randomly divided into two experimental
(n=11) and control (n=9) groups. Before
starting the program, written informed
consents were taken from all subjects. During
the second stage, their height was measured in
centimeters using a stadiometer and their
weight was measured using a Beurer PS07PS06 digital scale model. The body
composition was determined by bioelectric
impedance using In Body-720 (Biospace,
Dogok-dong, South Korea) to study the
percent of body fat (PBF). All of these
measurements were carried out while the
volunteers had stopped eating or drinking 4
hours prior to their test, and their bladder,
stomach, and bowels were empty.The exercise
protocol included aerobic exercise training
lasted for 6 months and 3 sessions per week
and every session lasted for 60 minutes and
with intensity of 60-70 percent of maximum
heart rate reserve (MHRR). MHRR was
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respectively calculated for every single athlete
calculated based on Karvonen equation as
follows: Target heart rate= [(220-age) −
HRrest) × %60 or %70] + HRrest (19). It was
also controlled during exercise by a heart rate
monitor (Finland–Polar) . Blood samples were
collected by venepuncture from forearm vein
after at least 15 minutes of sitting at rest or in
the supine position. After centrifuging samples
in plastic capillary tubes using Haematospin
centrifuge, serum CRP concentration was
determined
using
an
auto-analyzer
spectrophotometer and different kits in various
wavelengths as follows. Serum CRP
concentration was determined by using ParsAzmun kits with Immunoturbidometric
method. Glucose was measured by an autoanalyzer using enzymatic method. Serum total
cholesterol, TG and HDL-c were measured by
an auto-analyzer using enzymatic method
(Pars-Azmun kits), and LDL-c was then
calculated using Friedewald equation (20). All
statistical analyses were performed with SPSS
version 16. The mean and standard deviation
of data were calculated after checking the data
distribution normalcy using KolmogorovSmirnov and homogeneity of variance tests.
The comparison between mean values of the
groups and homogeneity of the groups were
examined using independent samples t-test.
P<0.05 was considered significant.

Results
Twenty diabetic women, with the mean age of
50.7±8.2 years, participated in this study.
Descriptive information concerning the age,
height, weight, body mass index (BMI) and
percent fat among the different groups is given
in Table 1. The level of hs-CRP in
experimental group was significantly reduced
from 1.11±0.21mg/dl to 0.8±0.2mg/dl
(p=0.02). According to the Table 2, the levels
of fasting glucose and total cholesterol in
experimental group were decreased and HDLc was increased significantly compared with
control group (p<0.05). Although serum levels
of TG and LDL-c were reduced in the
experimental group, this reduction was not

Table 1. Descriptive values of basic
measurements in the study groups.
Variables

Experimental

Control

Age (year)

51.18± 8.09

51.11± 8.78

Height (M)

157.69± 3.26

154.72± 4.42

Weight (Kg)

70.65± 11.59

69.76± 8.7

BMI (Kg/m2)

28.47± 4.85

29.05± 3.2

Fat percent (%)

39.86± 6.53

39.12± 5.96

*Data are presented as mean±SD.

statistically significant. None of the changes in
the control group were significant except for
an increase in TG level.

Discussion
The aim of this study was to investigate the
effect of an eight week aerobic exercise on
women with Type 2 Diabetes. This study
showed significant reduction of hs-CRP level
following eight weeks of aerobic exercise in
the experimental group. Comparison of the
groups showed no significant changes after
eight weeks. It is important to note that the
intensity, type, and the length of the exercise
along with muscular vulnerability, and the
number of the used muscles are influential on
CRP response to physical activities. In intense
and short exercises, in which the use of
different muscular tissues is almost rare, CRP
response happens late. Therefore, the results of
the study are in agreement with the results of
the studies done by Kadoglou et al. and
Roberts et al. (17,21,22). Overall, researchers
have concluded that any change in the
concentration of hs-CRP depends on several
factors; in this regard different mechanisms
have been suggested to explain the change in
hs-CRP concentration that can be referred to
here. One of these mechanisms is through
reducing cytokine productions from adipose
tissue, skeletal muscle, endothelium and blood
mononuclear
cells;
improvement
of
endothelial function, increasing anti-oxidative
effects, reducing the level of fat and leptin and
increasing the expression of adiponectin which
in turn decreases the level of CRP; which all
of them are possible by regular physical
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Table 2. Comparison of pre-test and post-test variables in the two groups.
Variable
hs-CRP (mg/dl)
FBS (mg/dl)
Total Cholesterol (mg/dl)
TG (mg/dl)
LDL-C (mg/dl)
HDL-C (mg/dl)

Groups
Aerobic training
Control
Aerobic training
Control
Aerobic training
Control
Aerobic training
Control
Aerobic training
Control
Aerobic training
Control

Pre-test
1.11±0.21
1.06±0.29
127.09±43.86
134.88±30.73
164.72±32.37
159.77±19.97
131.09±50.66
143.77±42.94
93.09±13.19
95.11±10.87
47.72±2.76
48.77±2.63

Post-test
0.8±0.2
0.83±0.28
110.72±35.74
136.55±35.35
149.09±23.61
166.66±19.95
122.63±55.34
168.33±65.24
84.09±23.61
94.77±12.99
50.36±1.6
51.11±11.76

p*
0.02†
0.06
0.04†
0.85
0.04†
0.31
0.46
0.03†
0.058
0.92
0.01†
0.53

p**
0.7
0.01†
0.02†
0.15
0.08
0.03†

*

Within groups changes
Between groups changes
Significant (p<0.05)
Data are presented as mean±SD.
**

activities and exercising (23). The results of
this study showed that mean serum
concentration of fasting glucose was
significantly decreased in experimental group
compared with the control group (p<0.05);
these results are in agreement with some
previous studies (17,21,24,25,26,27). In
diabetic patients, impaired glucose uptake is
usually caused by dysfunction of glucose
transport protein 4 (GLUT-4) or impairment of
insulin signaling (28). Physical activity
stimulates and changes GLUT-4 and
transforms it into the cell membrane (29) and
increases the rapid uptake of glucose done by
active skeletal muscles through protein carriers
(29,30). Another reason for improved
glycemic control in experimental group
compared with the control group is that after
aerobic exercise, the protein content of insulin
receptors as well as the activity of protein
kinase B which has an essential role in insulin
signal transmission is increased which may
lead to lower blood sugar (29). Also, based on
the results, it was found that in the
experimental group compared with the control
group, the levels of total cholesterol were
significantly decreased and HDL-c level was
increased. Also, TG and LDL-c levels were
reduced in the experimental group, but this
reduction was not statistically significant
which may be due to the intensity of the
exercises. These results also are concordant
with the results of Kadoglou et al (17), Roberts
et al (21), and Gordon et al (24). An effective
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adaptation after aerobic activities is
mitochondrial volume increase followed by
lipolysis enzymes' activity which enhances the
fats' catabolism ability during the exercise
(30). Furthermore, in women, during the
physical activities the secretion of 17-beta
estradiol will be increased and therefore fat
reserves as an energy source are more used
during the exercise (31). The reason for
increasing HDL-c can be the increased activity
of lipoprotein lipase (LPL). LPL is effective in
VLDL conversion into HDL-c; increased LPL
activity results the higher levels of HDL-c. On
the
other
hand,
lecithin-cholesterol
acyltransferase (LCAT) converts cholesterol
as well as LDL-c into HDL-c. Probably the
increase of this enzyme is responsible for the
exercise-related increase of HDL-c (32). It has
shown that physical activities increase LCAT
greatly. In this regard, other mechanisms such
as lowering insulin sensitivity which changes
the levels of blood lipids and lipoproteins are
noteworthy (32,33). In conclusion, the results
of this study showed that two months of
regular aerobic exercise reduces the levels of
hs-CRP, glycemia and lipid profiles in women
with type 2 diabetes. These changes have
favorable effects on heart health of diabetic
patients and will reduce the risk of
cardiovascular disease in these patients.

Acknowledgments
This study was funded by the Research vice-

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 4, NUMBER 4, WINTER 2012

A. Alizadeh et al.
president of Mashhad University. We
gratefully acknowledge them and thank Dr.
Ejtehadi for the invaluable help they offered.

The authors declare that there is no conflict of
interests.

References
1.

Marjani A. Plasma lipid peroxidation zinc and
erythrocyte Cu-Zn superoxide dismutase
enzyme activity in patients with type 2 diabetes
mellitus in Gorgan City (South east of the
Caspian Sea). The Internet Journal of
Endocrinology 2005;2 (1):1-8.
2. Afkhami Ardakani M. Evaluation of garlic on
HbA1C in diabetic patient. J Yazd Univ Med
Sci. 2002; 10:15. (in Persian)
3. Parsaian N, Jalali B. Evaluation of serum Cr in
diabetic patient. J Yazd Univ Med Sci.
2001;4:66. (in Persian)
4. International Diabetes Federation: Diabetes: a
global threat. Diabetes Atlas. 3 edition.
Brussels;
2008,
115(http://www.eatlas.idf.org/index1397.html).
5. Larijani B, Abolhassani F, Mohajeri MR,
Tabatabaei O. Epidemiology of type 2 diabetes
in Iran. Iranian Journal of Diabetes & Lipid.
1384;4:75- 83.
6. Grundy SM, Benjamin IJ, Burke GL, Chait A,
Eckel RH, Howard BV, et al. Diabetes and
cardiovascular disease: a statement for
healthcare professionals from the American
Heart
Association.
Circulation.
1999;100(10):1134-46.
7. Namazi M, Porkiya R. investigation of plasma
homocysteine level with coronary artery
disease occurance. J Beheshti Univ Med.
2005;6: 363-6.
8. Jabery A, Jazayery A, Mohagheghi A, Rahimi
A. Blood homocysteine enhancement in 35-65
ischemic stricken patience. J Hygiene Res
Center. 2003;63-7(in Persian).
9. Duncan G, Perri M, Atnon S, Limacher M,
Martin A, Lovental D, et al. Effect of exercise
on emerging and traditional cardiovascular risk
factors. J ypmed. 2004;10:10-6.
10. Ronco C, Levin NW, Institute RR. Advances
in end-stage renal diseases 2005: International
Conference on Dialysis VII, 2005:19-21.
11. Larijani B, Abol Hasani F, Mohajeri Tehrani
MR, Tabatabaei O. Prevalence of Iran diabetes
mellitus
in
2000.
Iran
J
Diabet_Lipid_Disorders. 2005;3:75-83.
12. Khan HA, Sobki SH, Khan SA. Association
between glycaemic control and serum lipids
profile in type 2 diabetic patients: HbA1c
predicts dyslipidaemia. Clin Exp Med.
2007;7:24–9.

13. Chan WB, Tong PCY, Chow CC, So WY, Ng
MCY, Ma RCW, et al. Triglyceride predicts
cardiovascular mortality and its relationship
with glycaemia and obesity in Chinese type 2
diabetic patients. Diabet Meta Research Rev.
2005;21:183-8.
14. Steinmetz A. Treatment of diabetic
dislipoproteinemia. Exp Clin Endol Diabetes.
2003;111:239-45.
15. Hazaveyee SM. Torkaman A.editors. Exercise
and cure disease. Hamedan: Chehr Publication.
2002;25-51.
16. Stewart KJ. Role of exercise training on
cardiovascular disease in persons who have
type 2 diabetes and hypertension. Cardiol
Clin.2004;22:569-86.
17. Kadoglou NPE, Vrabas IS ,Sailer N, et al.
Exercise ameliorates serum MMP-9 and
TIMP-2 levels in patients with type 2 diabetes.
Diabetes and Metabolism.2010;36(2):144–51.
18. Verma S, Li S, Badiwala M, Weisel R, Fedak
P, Li R, Dhillon B, Mickle D. Endothelin
antagonism and inter-leukin-6 inhibition
attenuate the proatherogenic effects of Creactive protein. Circulation.2002;105:1890-6.
19. Karvonen MJ, Kentala E, Mustala O. The
effects of training on heart rate; a longitudinal
study. Annales medicinae experimentalis et
biologiae Fenniae. 1957;35(3):307–15.
20. Friedewald WT, Levy RI, Fredrickson DS.
Estimation of the concentration of low density
lipoprotein cholesterol in plasma without use
of centrifuge. Clin Chem. 1972;18(6):449-502.
21. Roberts CK, Won D, Pruthi S, Lin SS, Barnard
RJ. Effect of a diet and exercise intervention
on oxidative stress, inflammation and
monocyte adhesion in diabetic men. Diabetes
Research
and
Clinical
Practice.
2006;73(3):249–9.
22. Kadoglou NPE, Iliadis F, Angelopoulou N,
Perrea D, Ampatzidis G,Liapis CD, Alevizos
M. The anti-inflammatory effects of exercise
training in patients with type 2 diabetes
mellitus. Eur J Cardiovasc Prev Rehabil.
2007;14:837–43.
23. Scrutinio D. Physical activity for coronary
heart disease: cardioprotective mechanisms
and effects on prognosis. Monaldi Arch Chest
Dis. 2005;64:77-87.
24. Gordon LA, Morrison EY, McGrowder DA, et
al. Effect of exercise therapy on lipid profile

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 4, NUMBER 4, WINTER 2012

189

Aerobic exercise and cardiovascular risk factors in T2DM

25.

26.

27.

28.

29.

190

and oxidative stress indicators in patients with
type 2 diabetes. BMC Complementary and
Alternative Medicine.2008;8:21.
Sigal RJ, Kenny GP, Boulé NG, Wells GA,
Prud’homme D, Fortier M, et al. Effects of
aerobic training, resistance training, or both on
glycemic control in type 2 diabetes: a
randomized
trial.
Ann
Intern
Med.
2007;147:357–69.
Nojima H, Watanabe H, Yamane K, et al.
Effect of aerobic exercise training on oxidative
stress in patients with type 2 diabetes mellitus.
Metabolism. 2008;57(2):170–6.
Kim SH, Lee SJ, Kang ES, Kang S, Hur KY,
Lee HJ, et al. Effects of lifestyle modification
on metabolic parameters and carotid intimamedia thickness in patients with type 2
diabetes mellitus. Metabolism. 2006;55:1053–
9.
Choi K , YB Kim. Molecular mechanism of
insulin resistance in obesity and type 2
diabetes. Korean J Intern Med. 2010; 25(2) :
119-29.
Wang Y, Simar D, Fiatarone MA. Adaptations
to exercise training within skeletal muscle in

30.

31.

32.

33.

adults with type 2 diabetes or impaired glucose
tolerance: a systematic review. Diabetes Metab
Res Rev. 2009;25(1):13-40.
Arora E, Shenoy S , Sandhu JS. Effects of
resistance training on metabolic profile of
adults with type 2 diabetes. Indian J Med Res.
2009; 129(5):515.
Plotnikoff RC, Courneya KS, Trinh L,
Karunamuni N, Sigal RJ. Aerobic physical
Activity and resistance training: an application
of the theory of planned behavior among
Adults with type 2 diabetes in a random
national sample of Canadians. International
journal of behavioral Nutrition and physical
Activity.2008;55:409-18.
Fergusen MA, Aldorson NL, Trost SG. Effect
of four different single exercise sessions on
lipids and lipoproteins lipase. J Appl Physiol.
2001;85(3):1169-74.
Kantor MA, Cullinane EM, Sady SP, Herbert
PN, Thompson PD. Exercise acutely increases
high density lipoprotein cholesterol and
lipoprotein lipase activity in trained and
untrained men. Metabolism. 1987;36(2):18892.

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 4, NUMBER 4, WINTER 2012

