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ABSTRACT
Background: Ghrelin is a peptide hormone secreted from the endocrine cells of stomach,
affecting feeding behavior, appetite, energy consumption, weight, and body composition which
may thus be an essential hormone for maintaining energy hemostasis. Leptin, an antagonist to
ghrelin, is another hormone which also plays a key role in metabolism. Much evidence indicates
that aerobic exercise training is a key component of exercise recommendations for weight
control. Yet, results on the impact of this exercise on ghrelin and Leptin levels are controversial,
and are from studies performed among athletes.
Purpose: The aim of this study was to examine of the effect of 8 weeks aerobic training on
Serum leptin and ghrelin changes-induced aerobic training in healthy young females.
Material and Method: 24 inactive female students, with a mean age of 27.56±0.48 yrs, height
162.66± 5.05 cm, and a body mass index of 32.68±0.84 kg/m2 participated in the study in two
trials [control-(n=12) and exercise-(n=12)] in a counterbalanced, randomized design. Serum
levels of leptin and ghrelin via Blood samples were taken 48 h before starting the aerobic
training program. Then, experimental group performed the aerobic training program included
aerobic training with 65-85% of individual maximum heart rate for 3 session per week, 60
minute per session and 8 consecutive weeks. Differences between post test and pre test were
evaluated using a Student′s t -test for paired samples. A P-value < 0.05 was considered to be
statistically significant.
Results: Student′s t-test revealed a significant differences in levels of plasma total ghrelin
(P=0.08) and a significant decrease also in plasma levels of leptin in the experimental group
when compared to the control group.
Conclusion: Our study showed that regular and light aerobic exercise could decrease leptin
levels and increase ghrelin concentration of healthy females. But further studies should be done
to evaluate the effect of different modes, intensities and durations of exercise training on ghrelin
and leptin and their association with post-exercise hunger, meal initiation and food intake.
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INTRODUCTION
Discovery of several new gut peptides involved in appetite regulation and energy homeostasis
have recently made investigators to seek the probably alterations associated with exercise.
Among them ghrelin and leptin, the two particular gut peptides, are of interest because they
appear to regulate hunger and food intake and are not specifically controlled by body fat stores5.
Ghrelin hormone is mainly secreted from the cells of the stomach which stimulates Growth
Hormone (GH) release. Also there is evidence of limited ghrelin production by other tissues
including the brain 19. According to a number of reports, its level is fluctuated under food intake,
starvation and energy homeostasis. Moreover, plasma ghrelin is negatively associated with Body
Mass Index (BMI). Indeed, plasma level is increased in anorexia nervosa and cachexia and
decreased in obesity 7. Ghrelin level as well plays in a compensatory manner to body weight
variations. It decrease with weight gain resulting from overfeeding or high-fat diet and vice versa
weight loss induces an increase of ghrelin level. This effect is concerned with weight loss due to
food restriction and long-term chronic exercise, but not acute exercise 4.
Leptin, the other endocrine hormone-the product of the ob gene, that is thought to play a key role
in the regulation of body weight. Further studies report a major role of leptin is to relay
information to signal transducing receptors in the hypothalamus reducing appetite, increasing
energy expenditure, promoting adipose oxidation and thus aid in reducing body weight 2.
Undubtedly, exercise training is a potent stimulus for secretion of many hormones 16. Among
them, many investigations have examined the effects of exercise on plasma leptin and ghrelin
levels. Although exercise training has reduced serum leptin levels and increase ghrelin levels 9,
the effects of exercise, independently of loss of fat mass, have not been clearly established. In the
limited number of studies where acute exercise was examined 20, short-term exercise had no
effect on serum leptin and ghrelin levels. In contrast, recent data suggest that prolonged exercise
(marathon run, ultra-marathon, 3-h cycling) may result in a fall in serum leptin levels and a rise
in ghrelin levels (8,9). These results with exercise may be related in part to the time of exercise
and whether subjects are fed or fasted 13.
Vestergaard et al.19 reported a decline in ghrelin levels significantly after exercise in elite athletes
and healthy subjects (age 18–37 yr). They also reported high-dose GH suppresses ghrelin levels
and support that GH feedback inhibits ghrelin secretion. Other reports on ghrelin knockout adult
mice demonstrate that lack of ghrelin protects from rapid weight gain induced by early exposure
to a high-fat diet, decreases adiposity, and increases energy expenditure and locomotor activity
17
, and adult mice lacking the ghrelin receptor, when fed a high-fat diet, eat less food, and
accumulate less weight. Unal et al measured leptin concentrations in trained young male athletes
(from different sports) and in healthy sedentary subjects. They noted a significant lower leptin
after exercise and concluded that regular exercise, by reducing fat percentage, suppresses serum
leptin levels 18. Hickey et al reported a diminution of the concentration of leptin after 12 weeks
of an aerobic training among young women. This decrease appeared despite the absence of
significant changes in fat mass 11.
However, the most recent studies revealed depending on the exercise program (eg, duration,
intensity, or frequency) and characteristics of subjects at baseline results can be varied. Hence,
we decided to examine the effect of 8 weeks resistance training on serum leptin and ghrelin
changes-induced resistance training among healthy young females.
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METHODS
1. Subjects
The study subjects were 24 inactive-healthy female students 24 inactive female students, with a
mean age of 27.56±0.48 yrs, height 162.66± 5.05 cm, and a body mass index of 32.68±0.84
kg/m2 participated in the study in two trials [control-(n=12) and exercise-(n=12)] in a
counterbalanced, randomized design. They were informed about the aims and procedures of the
investigation protocol, as well as the possible risks and benefits before they gave their written
consent. Serum levels of leptin and ghrelin via blood samples were taken 48 h before starting the
aerobic training program. Then, experimental group performed the aerobic training program
included aerobic training with 65-85% of individual maximum heart rate for 3 session per week,
60 minute per session and 8 consecutive weeks.
2. Statistical Analysis
All values are reported as Means ±SE. Differences between exercise-induced changes in serum
leptin and ghrelin levels before and after exercise protocol were analyzed using a Student`s t-test
for paired samples. A P-value < 0.05 was considered to be statistically significant. Analysis was
performed using SPSS version 18.0.

Results
Mean ± standard deviation(SD) of variables including BMI, Leptin and Ghrelin for each subject
of CG group (Post-test and Pre-test) are shown in table.1.and for each subject of AG group (Posttest and Pre-test) in table.2. and table.3. reveals the comparison of measurements between two
groups after 8 weeks training. The BMI of the AG after 8 weeks of aerobic exercise training was
significantly decreased from 32.94 kg/m2 to 31.65 kg/m2 (P = 0.037)( Table 1). Such changes
were not detected in the CG. The Mean of Leptin concentration of AG decreased from 25.68 ±
18.4 ng/ml to 13.95 ± 5.3 ng/ml, and that in the CG increased from 17.54 ± 6.3 ng/ml to 19.65±
2.16 ng/ml. The P value of leptin in Control group and Aerobic group after 8 weeks were (P =
0.155 and P = 0.001, respectively). There was also a significant difference between the groups (P
= 0.001) after 8weeks (Figure.2). The ghrelin levels increased dramatically in AG group after 8
weeks aerobic exercise training P = 0.000(Table.2). Moreover, these changes were seen while
two groups were compared (P= 0.000)(Table.3).

Discussion and Conclusion
The aim of the present study was to investigate the effects of aerobic training on leptin and
ghrelin levels and their association with BMI. Our results indicate that 8 weeks of aerobic
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training reduced leptin and ghrelin levels (Fig.1 & 2). Some studies have attributed these changes
after endurance training 15.
Ishii et al. proved that plasma leptin level decreased after 6 weeks of aerobic exercise in type II
diabetics subjects and this decrease was independent of the changes in fat mass 12. Hickey, et al.
expressed that distance swimming exercises for 12 weeks could decrease leptin level
accompanied by a decrease in insulin 13. However, the decrease in leptin may be due to the
increase in the accessible energy, some studies evaluating the effect of short-term exercise on
leptin level have shown that an absence of any change in the plasma leptin level 3. In untrained
or less trained subjects, short exercise training periods have shown the same effect on leptin
secretion. For example, resting leptin levels decreased after 1) 3-weeks of military training
preceded by a 5-day aerobic military walk of 25-35 km (during the five days) 6. after 2) 12weeks of an aerobic cycling exercise program e.g. 5 d.wk-1 at 50% of maximal oxygen uptake
during 45 min, performed by 25 obese sedentary women (Polak et al., 2006) and after 3) a 6month anaerobic training program (3 d.wk-1, 10 strength exercises/three sets per session) in 50
inactive men (Fatouros et al., 2005). These decreases were associated with a parallel decline in
body fat (Fatouros et al., 2005; Polak et al., 2006). Nevertheless, the decrease in resting leptin
concentration may also occur without any decrease in fat mass 6.
The present study presents ghrelin levels after 8 weeks aerobic exercise training increased
significantly. Several studies have confirmed the results of the present study 2,9,17. Leidy et. al.
(2004) conducted a study in which healthy females took part in a chronic exercise program while
fed a diet designed to maintain body weight. Some remained weight stable whereas others lost
weight. Overtime, ghrelin concentration raised only in the weight loss group 14. Foster-Scubert
et. al. (2005) also confirmed these results with sedentary postmenopausal female were
randomized to either a chronic aerobic exercise group or a passive stretching control group for
one year and were asked to maintain their typical diet 8. At the end of the intervention, the
chronic exercise group had lost a small but substantial amount of weight compared with the
control group and ghrelin levels increased in relation to the amount of weight loss. Some
seemingly discrepant results concerning ghrelin’s response to exercise may be related to the
intensity, duration or mode of the exercise 2. For example, Bouassida et. al (2009) found
increased ghrelin tested its effect after exercise lasting at least 2 hours.
Data have revealed that serum leptin levels were significantly and highly correlated with body
weight 8,14 and insulin levels 1. They have attributed changes in leptin levels after endurance
training as well. It is thought factors which were resulted in changes in fat mass may be
responsible for the decreased leptin levels in subjects.
In agreement with these studies, our results demonstrated that Ghrelin increased, Leptin
decreased and BMI loss obtained through aerobic training. Taken together, our finding suggests
that an 8-week period of aerobic training is sufficient to reduce body weight and leptin, raise
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ghrelin and probably, at least in part obesity. Based on these results, it could be suggested that
subjects need to participate in aerobic training programs that lead to loss of body weight and fat
reduction to improve ghrelin and leptin level.
Finally, an 8-week aerobic training program decreased insulin leptin and BMI and increase
ghrelin concentration in our subjects. These findings suggest that exercise-induced changes in
gut peptides hormones may be associated with the beneficial effects of exercise. Further studies
are needed to elucidate the mechanisms by which exercise affects gut peptides.

References
1. Antuna-Puente B, Feve B, Fellahi S, et al.(2008). Adipokines: the link between insulin
resistance and obesity. Diabetes & Metabolism.34:2-11.
2. Bouassida(b). A, Chatard. J, Chamari. K, Zaouali. M, (1), Feki,Y, Gharbi, N, Zbidi. A, Tabka.
Z, (2009). Effect of energy expenditure and training status on leptin response to sub-maximal
cycling, Journal of Sports Science and Medicine.
3. Buyse M, Aparicio T, Guilmeau S, Goïot H, Sobhani I, Bado A.(2004). Paracrine actions of
the stomach-derived leptin. Med Sci (Paris); 20:183-8. [14997438].
4. Cicek. B., Inance. N.(2011). Amulti-faceted, fat-defending peptide hormone: Ghrelin. Pakistan
Journal of Nutrition 10(4): 393-398.
5. Cummings, D.E. and Overduin, J. (2007) Gastrointestinal regulation of food intake. Journal of
Clinical Investigation 117(1), 13-23.
6. Daryanoosh. F, Mehrabani. G, Shikhani. H.,(2010). The Effect of Aerobic and Resistance
Exercises on Hormonal Changes in Non-Athlete Students at Shiraz University, Southern Iran.
IRCMJ 2010; 12(2):127-132 ©Iranian Red Crescent Medical Journal.
7. De vriese, C. and Delporte, C. (2008). Ghrelin: A new peptide regulation growth hormone
release and food intake.Int, J. Biochem. Cell. Bio., 40: 1420-1424.
8.Foster-Schubert, K.E., A. Mc Tieman, R.S. Frayo, R.S. Schwarts, K.B. Rojan and Y. Yasui.
(2005). Human plasma ghrelin levels increase during a one year exercise program. J. Clin.
Endocrinol. Metab., 90: 820-825.
9. Hickey, M. S., J. A. Houmard, R. V. Considine, et al.(1996). Gender-dependent effects of
exercise training on serum leptin levels in humans. Am. J. Physiol. 271 (Endocrinol. Metab.
34):E938–E940.
10. Hickey MS, Houmard JA, Considine RV, Tyndall GL, Midgette JB, Gavigan KE, Weidner
ML, McCammon MR, Israel RG, Caro JF.(1997). Genderdependent effects of exercise training
on serum leptin levels in humans. Am J Physiol; 272:E562- 6. [9142875].
11. Hickey, M.S., Houmard, J.A., Considine, R.V., Tyndall, G.L., Midgette, J.B., Gvigan, K.E.,
Weidner, M.L., McCammon, M.R., Israel, R.G. and Caro, J.F. (1997) Gender-dependent effects
of exercise training on serum leptin levels in humans. American Journal of Physiology 272,
E562-E566.
12. Ishii T, Yamakita T, Yamagami K, Yamamoto T, Miyamoto M, Kawasaki K, Hosoi M,
Yoshioka K, Sato T, Tanaka S, Fujii S. (2001). Effect of exercise training on serum leptin levels
in type 2 diabetic patients. Metabolism; 50:1136-40. [11586483] [doi:10.1053/meta.2001.26745]

Vol. 4 No. 6 (2012)

1262 International Journal of Collaborative Research on Internal Medicine & Public Health
13. Koistineh, H. A., J. A. Tuominen, P. Ebeling, M. L. Heiman, T. W. Stephens, and V. A.
Koivisto. (1998). The effect of exercise on leptin concentration in healthy men and in type 1
diabetic patients. Med. Sci. Sports Exerc. 30:805–810.
14. Leidy, H.J., J.K. Gardner, B.R. Frye, M.L. Snook, M.K. Schuchert and E.L. Richard. (2004).
Circulating ghrelin is sensitive to changes in body weight during a diet and exercise program in
normal weight young women. J. Clin. Endocrinol. Metab. 89: 2659-2664.
15. Miyatake N, Takahashi K, Wada J, Nishikawa H, Morishita A, Suzuki H, et al. (2004).
Changes in serum leptin concentrations in overweight Japanese men after exercise. Diabetes
Obes Metab; 6: 332-337.
16. Pritzlaff, C. J., L. Widerman, J. Y. Weltman, et al. (1999). Impact of acute exercise intensity
on pulsatile growth hormone release in men. J. Appl. Physiol. 87:498–504.
17. Rashedi. R, Khazali. H. (2010). The Effect of Intravascular Injection of Ghrelin on the Mean
Plasma Concentrations of Insulin and ACTH in Immature Camels Fed with Diets Containing
Different Levels of their Energy Requirements. Physiology and Pharmacology, 13(4), 386 – 396.
18. Unal, M., Unal, D.O., Baltaci, A.K. and Mogulkoc, R. (2005) Investigation of serum leptin
levels and VO2max value in trained young male athletes and healthy males. Acta Physiology
Hungary 92, 173-179.
19. Vestergaard. E.T, Dall. E., Lange. K. H. W., kjaer. J. Christiansen and O.L.
Jorgensen.(2007). The Ghrelin Response to Exercise before and after Growth Hormone
Administration. The Journal of Clinical Endocrinology & Metabolism. vol. 92 no. 1 297-303.
20. Weltman. A, Pritzlaff . C. J., Wideman. L, R. V. Considine, D. A. Fryburg, M. E. Gutgesell,
M. L. Hartman, and J. D. Veldhuis. (2000). Intensity of acute exercise does not affect serum
leptin concentrations in young men. Medicine & Science in Sport & Exercise 32: 1556- 1561.

Vol. 4 No. 6 (2012)

1263 International Journal of Collaborative Research on Internal Medicine & Public Health
Table.1. CG Groups' Pre- and Post-Experiment Measurements, BMI, Leptin and Ghrelin
Control group
Leptin(ng/ml)
Ghrelin(pg/ml)
BMI(kg/m2)

Pre-Test Mean ± SD
17.54
318.71
31.41

Post-Test Mean ± SD
19.65
318.06
31.28

P-value
0.155
0.524
0.509

Table.2. AG Groups' Pre- and Post-Experiment Measurements, BMI, Leptin and Ghrelin
Control group
Leptin(ng/ml)
Ghrelin(pg/ml)
BMI(kg/m2)

Pre-Test Mean ± SD
25.68
321.65
32.94

Post-Test Mean ± SD
13.95
417.72
31.65

P-value
0.001
0.000
0.037

Table.3. The comparison between CG and AG Groups' Post-Experiment Measurements,
Ghrelin and Leptin
AG & CG
SD
t
df
sig
5.6271
2.8505

ghrelin
leptin

-17.71
1.853

22
22

0.003
0.054

Ghrelin levels changes between Aerobic & Control groups before and
after 8 weeks
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Figure 1. The Mean differences between AG & CG ghrelin changes after and before exercise
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Leptin levels changes between Aerobic and Control groups before and
after 8 weeks
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Figure 2. The Mean differences between AG & CG leptin changes after and before exercise
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