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Abstract
Ghrelin is the most recently identified adipocytokine, but their role in tye II diabetes is not completely
understood. In present study, we investigated effects of aerobic training program on plasma ghrelin in patients
with type 2 diabetes mellitus (T2DM). For this purpose, anthropometrical markers and fasting plasma ghrelin
were measured before and after an aerobic exercise program for three months in adult men with type II diabetes.
Data were analyzed by computer using SPSS software version 15.0. Aerobic exercise program resulted significant
decrease in plasma ghrelin when compared with baseline levels. All anthropometrical markers such as weight
and body mass index were also decreased after exercise program. There was no significant relation between
plasma ghrelin with anthropometrical markers after exercise program. Based on these data, we conclude that
long term aerobic training is associated with decreased ghrelin in those with type II diabetes.
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Introduction

decreased plasma ghrelin levels caused by exercise or

In 1997 the number of diabetics in the world was

exercise-induced weight loss (Malkova et al., 2008;

reported 125 million. However, as predicted by the

Broom et al., 2007; Robert et al., 2007) and some

World Health Organization the number will increase

other studies report increased plasma concentrations

to 300 millions in 2025. Several studies have shown

of this hormone as a result of exercise (Kelishadi et

that obesity has a potential role in the pathogenesis of

al., 2008). Also some other studies deny any effect of

Type-2 diabetes, particularly in those who are

exercise on this peptide hormone (Schmidt et al.,

genetically predisposed to the disease. Adipose tissue

2004; Nitsche et al., 2007). The probable reason

and other secreting tissues of the body secrete certain

could be the differences in the duration, intensity and

adipocytokines and peptide mediators the secretion

frequency of physical activity in each study. This

disorder of which impairs such factors as controlling

study aims to explore the effects of three months of

appetite, energy balance, insulin sensitivity, energy

aerobic exercise on plasma levels of this hormone in

metabolism and homeostasis which all contribute to

obese or overweighed diabetics (BMI ≥ 26).

the incidence of obesity and its related diseases such
as diabetes, hypertension, asthma, and inflammatory

Method and subjects

diseases (Boulet, 2008).

Participants
In this study, twenty four sedentary, non-trained

Among these peptide mediators, ghrelin is a hormone

adult obese men with type II diabetes aged 40-48

affecting hunger and long-term regulation of body

year and body mass index 30-36 kg/m2 were

weight (Rotsides et al., 2009).The plasma levels of

recruited through an accessible sampling in and

this 28-aminoacid peptide hormone increase shortly

randomly divided into exercise (three months aerobic

before meals and decrease after meals (Kriketos et al.,

training) and control (no training) groups. The aim

2004). Although the effect of ghrelin on insulin

on this study was investigation the effect of

secretion and changes in blood glucose concentration

mentioned exercise program on plasma ghrelin. An

in humans is not yet fully understood, clinical studies

informed consent was obtained from all participants

support the role of this peptide hormone in regulating

before the studies were carried out.

glucose metabolism and energy balance (Tong et al.,
2010). Some

studies

have

also

suggested

that

Inclusion and exclusion criteria

consumption of ghrelin in healthy humans leads to

Inclusion criteria to study were body mass index

increased blood glucose and have pointed to a

higher than 30 kg/m2 for two groups and existing

significant positive relationship between these two

type II diabetes for at least 3 years. Subjects of two

variables (Broglio et al., 2004). Recent studies

groups were reported to be non-smokers and non-

suggest that ghrelin plays an important role in

athletes. Neither the control nor exercise subjects had

glucose homeostasis, particularly in diabetic patients

participated in regular exercise for the preceding 6

(Ariga et al., 2008; Korbonits et al., 2004).

months, nor did all subjects have stable body weight.
The exclusion criteria were as follows: Patients with

The role of exercise as a non-therapeutic agent in the

known history of acute or chronic respiratory

regulation of appetite, energy balance and weight

infections, neuromuscular disease, cardiopulmonary

control has been the focus of a large number of

disease and those who orthopedic disorders. Those

researches and clinical studies. The relationship

that were unable to avoid taking hypoglycemic drugs

between physical activity and fluctuations in plasma

or insulin sensitivity-altering drugs for 12 hours

concentrations

before blood sampling were excluded.

of

this

hormone

in

obese

or

overweighed as well as diabetics is not yet fully
determined

and

contradictory. Some

the
of
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these

are

studies

still
suggest

Anthropometric and hormone measuring
Plasma ghrelin and anthropometric measurements of
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height, weight and circumference measurements were

Statistical analysis

taken pre- and post-exercise training. Abdominal

The

circumference and hip circumference were measured

determine the variables with normal distribution.

in the most condensed part using a non-elastic cloth

Statistical analysis was performed with the SPSS

meter. Body weight was measured in duplicate in the

software version 15.0 using an independent paired t-

morning following a 12-h fast. Body mass index (BMI)

test. Pair-wise correlations between plasma ghrelin

was calculated as weight (kg) divided by squared

with anthropometrical markers were assessed by

height (m). Height was measured on standing while

Pearson’s partial correlation coefficients.

Kolmogorov-Smirnov

test

was

applied

to

the shoulders were tangent with the wall.
Results
To compare of circulating levels ghrelin between pre

Baseline and post training ghrelin levels and

and post training, blood samples were collected of all

anthropometrical markers of exercise and control

participant after a overnight fast at before and 48

groups are shown in Table 1. The data were reported

hours

as mean and standard deviation. At baseline, there

after

exercise

program.

Samples

were

centrifuged immediately for 10 minutes with 3500
rpm in
The

+4°C

in order to measure serum ghrelin levels.

intra-assay

and

inter-assay

coefficient

were

not

differences

in

all

anthropometrical

characteristics between two groups. Plasma ghrelin

of

levels were similar in two groups at baseline. Data of

variation of ghrelin (Biovendor, Austria) were 8.10%

statistical analysis showed that aerobic training

and 8.3% respectively.

program is associated with decreased significantly in
plasma ghrelin when compared with baseline (p =

Exercise program: all subjects of exercise group were

0.008, Fig 1). Anthropometrical markers such as body

completed an aerobic training for 3 months (3

weight (0.000), BMI (0.001), abdominal obesity

days/wk) 60 to 80 percent of maximum heart rate.

(0.002) were decreased by exercise program in

Each session started with 10-15 min ﬂexibility

exercise group. No changes were observed in all

exercises, 30-40 min of aerobic exercise involved

variables in control group. We did not a significant

running and pedaling on stationary cycle and 5–10

correlation between the change in plasma ghrelin

min of cool down activity.. The intensity of the activity

with BMI by exercise training in exercise groups (p =

of any person was controlled using the Polar heart

0.92, r = 0.032, Fig 2).

rate tester (made in the US). In this 12-week period,
participants in the control group were barred from
participating in any exercise training.
Table 1. Mean and standard deviation of anthropometrical and spirometric markers and VO2max before and
after intervention in studied groups.
Variables
Age (year)
Height (cm)
Weight (kg)
Waist circumference (cm)
BMI (kg/m2)
Plasma ghrelin (pg/ml)

Control diabetic
Pretest
post-test
44.08 ± 5.6
44.08 ± 5.6
173.3 ± 5.14
173.3 ± 5.14
92.25 ± 7.77
88 ± 8.73
104.7 ± 7.25
101.3 ± 7.4
30.67 ± 2.64
29.33 ± 30.3
60.3 ± 9.11
46.6 ± 12

Exercise diabetic
Pretest
post-test
45.3 ± 4.2
45.3 ± 4.2
174.1 ± 4.3
174.1 ± 4.3
93.7 ± 6.11
92.4 ± 5.63
103.8 ± 6.33
104.1 ± 5.3
30.91 ± 3.3
30.48 ± 2.4
58.3 ± 7.9
61.52 ± 6.8

Discussion

lifestyle and reduced physical activity resulting in

Although the incidence of type-1 and Type-2 diabetes

increasing prevalence of obesity (Powers et al., 2001;

worldwide is expected to increase, the rate of increase

King et al., 2005). Research findings on short or long-

in Type-2 diabetes seems to be higher due to changed

term effects of exercise on levels of peptide hormones,
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including serum ghrelin in healthy populations or

ghrelin following a long-term exercise program which

patients, obese or lean, athletes or non-athletes, are

was associated with weight loss (Kelishadi et al.,

more or less contradictory and so far there has been

2008). In another study, a 12-week training program

no overall consensus in this regard. However, in this

led to a significant increase in ghrelin levels (Kim et

study, a three-month aerobic exercise led to a

al., 2008). Contrary to the findings of the said study

significant decrease in ghrelin levels in Type-2

and confirming those of this study, in another study,

diabetic patients. A three-month aerobic exercise

four weeks of exercise led to a significant reduction in

program three times a week with intensity of 60 to

ghrelin levels (Vestergaard et al., 2007). In this

85% Vo2Max led to a significant reduction in serum

context, some studies suggest that if a long-term

levels of this peptide hormone.

exercise or diet programs are not accompanied by a
significant reduction in body weight they lead to no
change in insulin resistance, insulin, ghrelin and
other peptide hormones (Reinehr et al., 2008). In a
recent

study, however, a

one-year

weight-loss

program associated with significant changes in such
variables as insulin, insulin resistance and leptin and
increased adiponectin levels did not result in
Fig. 1. Plasma ghrelin level at pre and post training

significant changes in ghrelin levels (a 4% increase)

in exercise and control groups of diabetic patients.

(Reinehr et al., 2005). Also, in another study, weight
loss induced by the combination of diet and exercise

Obesity-related lifestyle changes, eating behavior and

was associated with increased obestatin and a

physical activity play a key role in the prevention and

significant reduction in leptin and unchanged ghrelin

treatment

concentrations in obese subjects (Reinehr et al.,

of

Type-2

diabetes. Research

studies

indicate the role of exercise-induced weight loss on

2008).

regulating peptide hormones involved in obesity and
the related chronic diseases such as diabetes. The

In this study, the training program led to a significant

positive role of exercise in energy balance through

reduction of each of the anthropometric indices in

such other adipocytokines as leptin, adiponectin and

subject diabetics. Hence, decreased ghrelin levels may

resistin has been proven many times (Tajima et al.,

be attributed to the reduction of body fat in these

2005; Reinehr et al., 2005).

patients. Furthermore, a linear relationship between
changes in ghrelin and changes in the said
anthropometric indices was observed but it was
statistically insignificant. It is likely that the lack of a
significant relationship between changes in ghrelin
and changes in other variables due to a three-month
exercise is due to small sample size of the study. It is
also

possible

that

changes

in

the

levels

of

anthropometric indices affect secretion of ghrelin
Fig. 2. correlation pattern between the changes in
ghrelin and BMI by aerobic program in exercise
group.
Although the three-month aerobic exercise in this
study led to a significant reduction in ghrelin, another
study has reported a significant increase of plasma
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levels in the subjects not directly but indirectly by
affecting other peptide mediators.
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