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Summary 

Obesity, a disorder of body composition, is defined by a relative or absolute excess of body fat. In general adult population, 
obesity has been associated with a diverse array of adverse health outcomes, including major causes of death such as cancer, 
diabetes, cardiovascular disease, as well as functional impairment from problems such as osteoarthritis and sleep apnea. Gh-
relin is a newly discovered peptide hormone which plays an important role in obesity. It is a powerful, endogenous orexigenic 
peptide and has a crucial function in appetite regulation, as well as short – and long-term energy homeostasis. In the presence 
of increased obesity, decreased physical activity, and high food consumption, the relationship between exercise, appetite, food 
intake and ghrelin levels has important implications. In this review, we discuss the effect of acute and chronic exercise perfor-
mance on appetite, food intake and ghrelin and their relationships. 
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Introduction

Overweight and obesity can be defined as abnormal 
or excessive fat accumulation that may impair health. In 
the general adult population, obesity has been associated 
with a diverse array of adverse health outcomes, including 
major causes of death such as cancer, diabetes, cardiovas-
cular disease, as well as functional impairment from prob-
lems such as osteoarthritis and sleep apnea [1]. Obesity has 
been increasing rapidly throughout the world, and the in-
cidence of worldwide obesity has more than doubled since 
1980. In 2014, more than 1.9 billion adults, 18 years and 
older, were overweight. Of these over 600 million were 
obese. The most common causes of obesity are overeating 
and physical inactivity. (http://www.who.int/mediacentre/
factsheets/fs311/en/)

As a  growing number of people suffer from obesity, 
understanding the mechanisms by which various hor-
mones and neurotransmitters have influence on energy 
balance has been a subject of intensive research. However, 
the manner in how hormonal systems contribute to the 
development or maintenance of obesity is as yet not very 
clear. 

Ghrelin, is a  28-aminoacid hormone which strongly 
affects the release of growth hormone endogenously, and 
plays role in the regulation of energy balance and food 

intake [2]. It is released primarily by ghrelin cells, like 
X/A cells that exist in the oxyntic glands of the stomach 
to blood circulation but it is also released from many other 
parts of the body in smaller amounts [25]. Ghrelin exists in 
circulation in two forms: acyl, and des-acyl. Acyl ghrelin 
is thought to be more involved in appetite regulation. Gh-
relin exerts its effects by stimulating arcuate nucleus neu-
rons that co-express the Neuropeptide-Y (NPY) and Agu-
lated Related Peptid (AgRP) orexigenic peptides [43].

Ghrelin was first discovered as an endogenous lig-
and for the receptor that causes growth hormone release 
(GHS-R), and later studies have revealed that it strongly 
stimulates food intake accretion of body mass [42, 80]. 
Because of these effects, later studies have focused on the 
effects of ghrelin on energy homeostasis. 

In the experiments conducted on animal and human 
subjects, centrally or peripherally injection of ghrelin, 
continuously or over repetitive periods, caused increase in 
weight, by causing increase in food intake, and decrease in 
energy expenditure [5, 61, 80, 88]. Blocking of endogenous 
ghrelin stimulation via various methods causes decrease in 
food-intake, and gaining weight [4, 6, 60, 75, 80]. 

Many studies have been conducted recently on the 
regulation of bioactivities of orexigenic factors such as 
ghrelin, in order to use in the treatment of obesity. Bistable 
RNA-based compounds that are created in vitro and can 
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be related to acyl-ghrelin successfully inhibited ghrelin 
mediated GHSR (growth hormone secretagogue receptor) 
activation on animal subjects [73]. In addition, ghrelin im-
munoconjugat injection decreased nutrition efficiency and 
body weight gaining, and also decreased the percentage of 
body fat among rats [90].

Ghrelin is associated with obesity in two ways: first, it 
has short-term effects on hunger to stimulate eating (caus-
ing more food intake), and; second, it has longer-term ef-
fects on the control of energy balance. Another possible 
application of the kinetic effects of ghrelin is based on 
the finding that gastric discharge is faster among clini-
cal obese patients than normal individuals [84]. The rea-
son for gastric discharge being faster among obese is that 
post-prandial ghrelin levels decrease less than in normal 
individuals [44]. This situation among obese contributes 
to the increase in food intake. Ghrelin antagonists may be 
used to delay gastric discharge among obese. In this way, 
individuals feel satiated for longer and thus consume less 
food. From these perspectives, ghrelin physiology could 
be possibly used to stimulate long-term and continuous 
weight loss. Sherman et al. [72] tested the effect of syn-
thetic oligonucleotide (spiegelmer) that neutralizes the ef-
fect of ghrelin by binding to it, on obese rats fattened via 
diet. Research findings revealed that body weight, food in-
take and fat storage decreased on oligonucleotide injected 
rats compared to the control group. Another study found 
that GHSR antagonists decreased nutrition among lean 
and obese rats fattened via diet [4]. Peripheral provision 
of these antagonists decreases gastric discharge speed, and 
thus protracts a  sense of satiety leading to a decrease in 
food intake. Clinical application of these methods doesn’t 
seem likely in the near future. However, the fact that ap-
petite/energy balance regulation can be controlled with 
ghrelin is promising. 

Ghrelin antagonists won’t have a major effect on the 
loss of body-weight as the basic ghrelin level is already 
low among obese individuals. However, ghrelin increases 
caused by the adaptive physiological mechanism to re-
gain the lost weight, can be prevented with ghrelin blocker 
agents, and so weight maintenance will be easier [20]. In 
addition, studies conducted on animal subjects have re-
vealed that, after body weight loss, not only the ghrelin 
level in the circulation, but also the ghrelin receptor ex-
pression in the hypothalamus increase [81]. Besides, orex-
igenic activity sensitivity of ghrelin also increases [65]. 
All these findings suggest that anti-ghrelin pharmaco-ther-
apeutics may help in body weight maintenance. 

Exercise is a  non-pharmacological method used by 
itself or in combination with food-intake restriction in 
obesity treatment and body weight control [24, 59]. Dur-
ing exercise, a  negative energy balance occurs depend-
ing on the intensity and duration of the exercise, and this 
negative energy balance affects appetite and food-intake 

to a  great extent (Powers and Howley, 2002). The most 
important hormones that can explain the effect of exercise 
on appetite and food intake is ghrelin. Therefore, under-
standing the effects of exercise and food-intake limitation 
on appetite, food-intake and on ghrelin is very important 
in terms of obesity aetiology, and its potential treatment. 
Concordantly, the purpose of the present review is to re-
veal the effects of exercise on ghrelin, appetite and food 
intake and their relationships with obesity in the light of 
current information. 

 
The Effect of Acute Exercise on Appetite, Food Intake, 
and Energy Balance 

Many short-term exercise studies have been conducted 
to determine the effect of acute exercise on food intake 
and sense of hunger. While findings of these studies are 
sometimes contradictory, most have reported that low and 
moderate intensity exercises either increased or had no ef-
fect on hunger and food intake [15, 69, 76, 83]. Interest-
ingly, studies conducted with high intensity exercise re-
ported that acute intense exercise suppressed hunger and 
energy intake [17, 37, 85]. Unlike low and moderate in-
tensity short-term exercise, high intensity short-term exer-
cise generally induced short-term negative energy balance 
and were found to suppress hunger; which supports the 
perspective that exercise induces anorexia. Suppression of 
hunger is a short-term state and has no distinctive effect 
on energy intake. Many studies, which were conducted 
with exercise and open-buffet, reported that acute exercise 
didn’t change total food intake [38, 39].

Some studies could not report the effect of acute ex-
ercise on energy balance because they didn’t take the en-
ergy expenditure due to exercise into consideration [41, 
52]. There may be an increase in absolute (total) energy 
intake after exercise, but decrease in relative energy gain 
(absolute energy – energy expenditure during exercise) 
shows that exercise provides a short-term negative energy 
balance. Consequently, moderate and low intensity acute 
exercise increases or does not affect hunger. Suppression 
of hunger only occurs during high intensity acute aerobic 
exercise (>60% VO2max) and only for a very short period 
of time post-exercise, and cannot be observed after low 
and moderate intensity exercise [17, 37, 85]. The possible 
reason for the suppression of hunger only after high inten-
sity exercises is that the activation of sympathetic nerv-
ous system increased during high intensity exercise, blood 
flow in splanchnic area decreased and most of the blood in 
the circulation is directed to active muscles [23, 33]. 

The Effect of Chronic Exercise on Energy Intake, 
Energy Balance, and Body Weight

Despite its effect on short-term weight loss, the role 
of food restriction in long-term weight loss is disputable. 
According to the findings of 31 comprehensive recent 
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researches that examined the effect of long-term food 
limitation of weight loss, even a 5–10% weight loss was 
observed in the first 6 months, 1/3–2/3 of the subjects 
gained more weight than they lost in the following 4–5 
years [49]. Recent research conducted on 22 sedentary 
obese subjects reported that 12-week (exercise done five 
days a week, and at 75% of the heart beat rate) weight-loss 
program decreased body weight, while it increased hunger 
insulin level, acyl ghrelin level, and sense of hunger [50]. 
According to the findings of this research, long-term exer-
cise decreased body weight, but a regulating physiological 
mechanism resists weight-loss by increasing sense of hun-
ger and acyl ghrelin. The issue in long term weight loss 
may not be with food limitation; but it maybe mostly with 
an inability for individuals to sustain the limitation along 
with a corresponding reduction in BMR (Basal Metabolic 
Rate) and perhaps NEAT (����������������������������� Non-exercise activity thermo-
genesis) [45]. 

Behavioural mechanisms are probably more effective 
than physiological and metabolic mechanisms in re-cre-
ating the energy balance impaired with exercise [15, 30]. 
Energy balance impaired with exercise can be reversed by 
two major behavioural mechanisms: an increase in energy 
intake and/or decrease in spontaneous non-exercise ener-
gy expenditure [13, 67, 87]. Increase in energy intake after 
exercise is possibly resulted from the increase of appetite 
and over-free diet including high energy food. The reason 
for not being careful with the food taken after exercise is 
the thought that with the energy expenditure during exer-
cise, the extra energy taken can be compensated [32]. 

Research is conflicting as to the effect of exercise 
on body weight: some studies report that chronic exer-
cise decreases body weight, others report no significant 
change, and some even show weight gain. When taken as 
a whole, the common conception is that exercise is not 
an effective strategy to promote weight loss [66, 68]. The 
relative ineffectuality of exercise on body weight loss 
is multifactorial. For one, body fat mass decreases with 
exercise, while fat-free mass increases. Despite the im-
provement in body composition, generally there is no net 
weight loss [14]. Moreover, many physiological and be-
havioural regulating mechanisms are activated to re-set 
the energy balance impaired with exercise. Specifically, 
a  phenomenon called adaptive thermogenesis causes 
a decrease in basal metabolic rate (BMR) to counteract 
weight loss [31]. Additionally, improvements in maximal 
oxygen consumption (VO2max) and running economy oc-
curs with long-term exercise, resulting in a decreased en-
ergy expenditure at the same level of exercise intensity 
compared to before initiation of an exercise program. 
Consequently, exercise programs for weight-loss de-
crease body weight; and also energy amounts consumed 
during exercise and recovery. The combination of these 
factors helps to explain why the rate of weight loss is 

high at the beginning of a weight-loss program and sub-
sequently decreases over time. 

The inconsistencies between research findings on 
chronic exercise and food restriction may be the result 
of methodological differences such as the content of the 
diet; type, intensity, duration, and frequency of exercise; 
and individual differences such as reactions to exercise, 
energy intake, and energy expenditure. Many studies have 
examined the effect of chronic exercise on energy balance 
without controlling or directly measuring energy intake 
and expenditure [9, 26, 56]. Additionally, the increase in 
energy expenditure stimulated by exercise is based on the 
assumption that normal activity during the day increases 
or doesn’t change [27, 55]. Body weight was found to be 
decreased in controlled studies in which energy intake is 
fixed or adapted according to exercise [31]. Moreover, 
a current review found that exercise has important effects 
in body weight control and attenuating re-gain of the lost 
weight [10]. For this reason, exercise should be included 
in long-term weight control or weight loss programs, and 
thereafter adopted as a life style.

Ghrelin Response to Acute Exercise and Appetite and 
Food Intake Relation

Ghrelin is one of the possible factors that can explain 
the change in food intake during exercise. However, the 
effect of acute exercise on total ghrelin is quite disputable 
in the studies conducted so far. A majority of studies found 
that ghrelin levels didn’t change after exercise, [21, 22, 
40] while some other studies reported an increase or de-
crease in ghrelin levels [12, 19, 53]. Research by Stokes 
et al. [77, 78]found that total ghrelin decreased after exer-
cise. The difference between Stokes et al. studies and other 
studies on the topic was that the other studies were con-
ducted with using lactic acid and aerobic energy systems 
but the studies conducted by Stokes et al. were completely 
based on alactacid anaerobic energy system, short-term 
and high intensity exercises. 

Total ghrelin levels increased after moderate inten-
sity aerobic exercise, but did not increase after high in-
tensity exercise. Moreover, the increase in plasma total 
ghrelin level was not parallel with the change in sense 
of hunger [24]. Sense of hunger was suppressed during 
and after exercise, but plasma total ghrelin concentra-
tion didn’t change [18]. Ueda et al. reported that 60min. 
cycling exercise performed at 50% of VO2max decreased 
food intake and relative food intake among both obese 
and healthy young men, but this decrease was unrelated 
to ghrelin [82]. Martins et al. [51] examined the effect 
of 60min. cycling exercise performed at 65% of maxi-
mal heart beat rate on ghrelin, sense of hunger, and food 
intake. According to the findings of this study, moder-
ate intensity acute exercise decreased sense of hunger 
temporarily, and this temporary decrease contributed to 
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the short-term negative energy balance. However, this 
temporary effect on appetite could not be explained by 
the change in ghrelin levels. Ballard et al. [8] stated that 
80 minute resistance exercise decreased plasma ghrelin 
concentration among 21 young men, but there was no 
correlation between ghrelin concentration and subjective 
hunger score. The findings of this research indicates that 
sense of hunger during and after acute exercise was not 
related to total ghrelin concentrations.

Research shows that high intensity exercises sup-
presses appetite but this suppression is not associated 
with a  decrease in total ghrelin concentration. Many 
studies on ghrelin examined only total ghrelin as there 
were only total ghrelin kits on the market at the time. 
The ability to measure acyl ghrelin (AC) that is named 
as active ghrelin because it can connect to GHSR-1 bio-
logically, and des-acyl ghrelin (DG) named as inactive 
because it cannot connect to GHSR-1, has just recently 
become available. Therefore, most of the studies con-
ducted on exercise to date have examined how exercise 
affects total ghrelin. There have been only a few studies 
that examined the effects of exercise on acyl and des-
acyl ghrelin, but acylation of ghrelin is necessary for ap-
petite regulation [7, 17, 34-37, 47, 64, 85]. Acyl ghrelin 
and appetite increased after 1-hour aerobic exercise on 5 
sequential days in normal weight and obese adolescents 
but total ghrelin did not change (Kim et al.2008). King 
et al. [36, 37] found that low and high intensity exer-
cise done for 60 minutes and more did not affect hunger, 
food intake, and acyl ghrelin. On the contrary, Ozen et 
al. [64] reported that low intensity 60 minute treadmill 
exercise done at 50% of VO2max increased acyl ghrelin 
among young healthy men. Vatansever-Ozen et al. [85] 
reported that 15 minutes high intensity exercise (70% of 
VO2max) done immediately after 105 minute low inten-
sity exercise (50% of VO2max) suppressed acyl ghrelin 
and hunger. Similarly, Broom et al. [17] found in their 
study conducted on healthy male that high intensity aero-
bic and resistance exercises suppressed AG and hunger. 
These findings show that acyl ghrelin may be affected 
differently from exercise intensity. 

The effect of exercise on food intake not only depends 
on exercise intensity but also on gender and body com-
position [29, 71]. Sartorio et al. [71] found that GRH in-
creased after 60-90 min. exercise done at 80% of VO2max 
both in female and male athletes, while ghrelin increased 
only in male athletes. This finding indicates that ghrelin 
release during exercise is different between males and 
females. Some recent studies have shown that ambient 
temperature may change the effect of exercise on food 
intake. The low temperature of the environment in which 
the exercise is done or bathing with water colder than 
body temperature after exercise affects food intake sig-
nificantly. High environment temperature after exercise 

suppressed food intake, while food intake increased after 
exercise done in cold water [29, 74, 86]. The mechanism 
of the correlation between temperature and food intake 
has yet to be fully elucidated, but it is commonly thought 
that appetite hormones can be effective in the regulation 
of internal temperature. 

It is assumed that only acyl ghrelin is effective in regu-
lation of food intake and appetite because it can connect 
to GHSR-1. However, recent studies have revealed that 
unlike acyl ghrelin, des-acyl ghrelin can activate different 
unidentified receptors and thus stimulate different physio-
logical and metabolic effects [3, 16, 79]. Previous research 
reported that des-acyl ghrelin decreased food intake and 
stimulated negative energy balance by delaying gastric 
discharge [3]. Kim et al. [34] reported that body weight, 
BMI, and body fat percentage decreased in obese children 
after 12-week resistance and aerobic exercise, while total 
ghrelin increased at 30.4%, des-acyl ghrelin increased at 
31.9%, and acyl ghrelin did not change. There is a strong 
correlation between decrease in body weight and body fat 
and the increase in des-acyl after exercise in obese chil-
dren [54]. Consequently, acyl and des-acyl ghrelin levels 
should be measured separately for a better understanding 
of their different roles. 

Ghrelin Response to Chronic Exercise and Appetite 
and Food Intake Relation

Exercise is an essential part of weight control and it 
is used with food restriction. Studies conducted on obese 
and healthy individuals stated that ghrelin levels increased 
with weight loss after exercise and food restriction. 

Moraes et al. [58] reported that acyl-ghrelin increased 
after a  six month of ����������������������������������  resistance exercises in hemodialy-
sis patients. Martins et al. [50] reported that body weight 
decreased while acyl ghrelin and appetite increased after 
12-week exercise (75% of HR, 3days/week) program in 
22 sedentary and obese women. Similarly, Santoso et al. 
[70] reported that body weight decreased while ghrelin 
increased at 21.2% after a 6-month weight-loss program 
including diet and exercise in 35 hyperlipidemic women. 
Zahorska et al. [89] reported an average 8.7 kg weight 
loss, decrease in BMI and body fat percentage, along 
with increase in ghrelin after a 3-month weight-loss pro-
gram (diet + exercise) among obese women. Research on 
obese women conducted by Mizia-Stec et al. [57] found 
an increase in serum ghrelin after a 3-month weight-loss 
program. These studies also discussed that weight-loss 
among obese women decreased blood pressure signifi-
cantly, and this decrease was realized with a ghrelin re-
lated mechanism. Maestu et al. [48] reported a significant 
decrease in body weight, BMI, and body fat percentage 
among 14 bodybuilders (7 competition, 7 control) who 
increased training volume and decreased food intake in 
order to decrease body fat percentage 13 weeks before 
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participating in the national championship. In addition, 
they reported an increase in plasma ghrelin 5 weeks 
(20.4%), and 3 days (6%) before the competition. Addi-
tionally, body weight, body fat percentage, and sense of 
satiety decreased, and serum total ghrelin level increased 
among non-obese sedentary women after a 3-month diet 
and exercise program [46]. These findings indicate that 
ghrelin is a metabolic stimulant that plays a key role in 
the system that shows there is energy deficit, and it is 
effective in meeting the possible energy deficit in this 
system. 

Contrary to the above findings, Benso et al. [11] re-
ported a  significant decrease in body weight, but no 
change in leptin and ghrelin among 9 elite mountain-
eers after a  7-week climb on Mount Everest. Nonethe-
less, after high altitude climbing, GRH, and IGF-1, and 
insulin-like growth factor binding protein (IGFBP-3) 
increased [62]. Ozcan et al. [63] reported that sixteen 
weeks of exercise caused a significant decrease in body 
weight and fat mass but had no effect on ghrelin levels in 
sedentary women.

As can be understood from the findings of the above 
studies, recent research on adults and children have 
shown that weight loss increases circulating ghrelin lev-
els. Even though the mechanism by which weight loss 
increases circulating ghrelin is not well understood, it is 
assumed that positive energy balance is stimulated due 
to 3 mechanisms. First; the decrease in fat utilization 
independently from GRH, and increase in carbohydrate 
utilization. Second; the anabolic effect, caused by the 
increase in GRH and IGF-1 production. And third; the 
stimulation of long-term food intake via possibly neu-
ropeptide-Y (NPY) [28].

 Nitsche et al. [62] reported that BMI decreased after 
10-day calorie limitation and exercise among obese chil-
dren and adolescents, ghrelin increased with respiratory 
quotient (RQ); and these two are interrelated. This shows 
that ghrelin is a sensitive indicator of change in substrate 
oxidation. As RQ levels increase, fats use decreases, and 
carbohydrate use increases. In other words, as body weight 
decreases, ghrelin levels increase, and carbohydrate use 
increases in order to preserve fat storages. In addition, 
ghrelin activates NPY/AgRP neurones in arcuate nucleus, 
and stimulates food intake [61]. Ghrelin increase among 
obese individuals after weight loss is possibly a  physi-
ological protection mechanism activated in order to regain 
the lost weight (with negative energy balance) with posi-
tive energy balance. 

Conclusion

Findings of the current studies on acute and chronic 
exercise conducted on human subjects that examined the 

effect of exercise on hunger, food intake and ghrelin are 
generally inconclusive. Some of these discrepancies in 
these findings may have resulted from differences between 
intensity, duration, and type of the exercise, or different 
research designs such as time of food intake and differ-
ences in characteristics of subjects. 

For this reason, many more studies using various sub-
ject groups (active, inactive, obese, non-obese etc.) and 
different methods (duration, intensity, and context of exer-
cise, time of taken blood samples etc.) are required in the 
future. Studies conducted up to now provide these find-
ings; 1) low and moderate intensity short-term exercises 
do not affect hunger, food intake, and ghrelin, while high 
intensity exercises decrease hunger and food intake, and 
this decrease is related to acyl ghrelin, 2) chronic exercise 
along with food intake control contribute to weight-con-
trol and weight-loss. 

However, reductions in body mass associated with 
weight-loss programs increases sense of hunger and gh-
relin via a regulation mechanism and results in re-gain of 
the lost weight. In light of this information, individuals 
should continue exercise programs with a re-arrangement 
of intensity, duration and extents in order to maintain loss 
weight, and adopt regular exercise as a life style. 

References

1.	 Ahn N., Kim K. (2014) The influence of obesity and ambi-
ent temperature on physiological and oxidative responses 
to submaximal exercise. Biol. Sport, 31(2): 139-144. 

2.	 Álvarez-Castro P., Pena L., Cordido F. (2013) Ghrelin 
in obesity, physiological and pharmacological consider-
ations. Mini. Rev. Med. Chem., 13(4): 541-552.

3.	 Asakawa A., Inui A., Fujimiya M., Sakamaki R., Shinfu-
ku N., Ueta Y. (2005) Stomach regulates energy balance 
via acylated ghrelin and desacyl ghrelin. Gut., 54(1): 
18-24. 

4.	 Asakawa A., Inui A., Kaga T., Katsuura G., Fujimiya M., 
Fujino M.A. (2003) Antagonism of ghrelin receptor re-
duces food intake and body weight gain in mice. Gut., 
52(7): 947-952.

5.	 Asakawa A., Inui A., Kaga T., Yuzuriha H., Nagata T., 
Ueno N. (2001) Ghrelin is an appetite – stimulatory sig-
nal from stomach with structural resemblance to motilin. 
Gastroenterology., 120(2): 337-345.

6.	 Bagnasco M., Tulipano G., Melis M.R., Argiolas A., 
Cocchi D., Muller E.E. (2003) Endogenous ghrelin is 
an orexigenic peptide acting in the arcuate nucleus in re-
sponse to fasting. Regul. Pept., 111(1–3): 161-167.

7.	 Bailey D.P., Smith L.R., Chrismas B.C., Taylor L., 
Stensel D.J., Deighton K., Douglas J.A., Kerr C.J. 
(2015) Appetite  and gut hormone responses to moder-
ate-intensity continuous  exercise  versus high-intensity 



Obesity, food intake and exercise: Relationship with ghrelin 121

interval  exercise., in normoxic and hypoxic conditions. 
Appetite, 89: 237-245. 

8.	 Ballard T.P., Melby C.L., Camus H., Cianciulli M., 
Pitts J., Schmidt S. (2009) Effect of resistance exercise, 
with or without carbohydrate supplementation., on plas-
ma ghrelin concentrations and postexercise hunger and 
food intake. Metabolism, 58(8): 1191-1199. 

9.	 Ballor D.L., Poehlman E.T. (1994) Exercise-training en-
hances fat-free mass preservation during diet-induced 
weight loss: a meta-analytical finding. Int. J. Obes. Relat. 
Metab. Disord., 18(1): 35-40.

10.	Bensimhon D.R., Kraus W.E., Donahue M.P. (2006) Obe-
sity and physical activity: a review. Am. Heart J. 151(3): 
598-603. 

11.	Benso A., Broglio F., Aimaretti G., Lucatello B., Lanfran-
co F., Ghigo E. (2007) Endocrine and metabolic respons-
es to extreme altitude and physical exercise in climbers. 
Eur. J. Endocrinol., 157(6): 733-740. 

12.	Bilski J., Mańko G., Brzozowski T., Pokorski J., Ni-
tecki  J., Nitecka E., Wilk-Frańczuk M., Ziółkowski A., 
Jaszczur-Nowicki J., Kruczkowski D., Pawlik W.W. 
(2013) Effects of exercise of different intensity on gut 
peptides., energy intake and appetite in young males. 
Ann. Agric. Environ. Med., 20(4): 787-793.

13.	Blundell J.E., Gibbons C., Caudwell P., Finlayson G., 
Hopkins M. (2015) Appetite control and energy balance: 
impact of exercise. Obes. Rev., 16(Suppl 1): 67-76. DOI: 
10.1111/obr.12257.

14.	Blundell J.E., King N.A. (2000) Exercise, appetite con-
trol, and energy balance. Nutrition., 16(7–8): 519-22. 

15.	Blundell J.E., King N.A. (1999) Physical activity and 
regulation of food intake: current evidence. Med. Sci. 
Sports Exerc., 31(11): 573-583. 

16.	Broglio F., Gottero C., Prodam F., Gauna C., Muccioli G., 
Papotti M. (2004) Non-acylated ghrelin counteracts the 
metabolic but not the neuroendocrine response to acylat-
ed ghrelin in humans. J. Clin. Endocrinol. Metab., 89(6): 
3062-3065. 

17.	Broom D.R., Stensel D.J., Bishop N.C., Burns S.F., 
Miyashita M. (2007) Exercise-induced suppression of 
acylated ghrelin in humans. J. Appl. Physiol., 102(6): 
2165-2171. 

18.	Burns S.F., Broom D.R., Miyashita M., Mundy C., Sten-
sel D.J. (2007) A single session of treadmill running has 
no effect on plasma total ghrelin concentrations. J. Sports 
Sci., 25(6): 635-642.

19.	Crabtree D.R., Chambers E.S., Hardwick R.M., Blan-
nin A.K. (2014) The effects of high-intensity exercise on 
neural responses to images of food. Am. J. Clin. Nutr., 
99(2): 258-267.

20.	Cummings D.E. (2006) Ghrelin and the short – and long-
term regulation of appetite and body weight. Physiol. Be-
hav., 89(1): 71-84.

21.	Deighton K., Batterham R.L., Stensel D.J. (2014) Ap-
petite and gut peptide responses to exercise and calorie 
restriction. The effect of modest energy deficits. Appetite, 
81: 52-59.

22.	Douglas J.A., King J.A., McFarlane E., Baker L., Brad-
ley C., Crouch N., Hill D., Stensel D.J. (2015) Appetite 
hormone and energy intake responses to two consecutive 
days of aerobic exercise in healthy young men. Appetite, 
92: 57-65.

23.	Dickhuth H.H., Röcker K., Mayer F., König D., Korsten-
Reck U. (2004) Endurance training and cardial adapta-
tion (athlete’s heart). Herz., 29(4): 373-380.

24.	Erdmann J., Tahbaz R., Lippl F., Wagenpfeil S., Schusd-
ziarra V. (2007) Plasma ghrelin levels during exercise – 
Effects of intensity and duration. Regul. Pept., 143(1–3): 
127-135. 

25.	Gagnon J., Baggio L.L., Drucker D.J., Brubaker P.L. 
(2014) Ghrelin is a  Novel Regulator of Glucagon-like 
Peptide-1 Secretion. Diabetes., 64(5): 1513-1521.

26.	Garrow J.S., Summerbell C.D. (1995) Meta-analysis: ef-
fect of exercise, with or without dieting, on body compo-
sition of overweight subjects. Eur. J. Clin. Nutr., 49(1): 
1-10. 

27.	Goran M.L., Poehlman E.T. (1992) Endurance training 
does not enhance total energy expenditure in healthy el-
derly persons. Am. J. Physiol. Endocrinol. Metab., 263: 
950-957.

28.	Gormsen L.C., Nielsen C., Gjedsted J., Gjedde S., Vester-
gaard E.T., Christiansen J.S. (2007) Effects of free fatty 
acids., growth hormone and growth hormone receptor 
blockade on serum ghrelin levels in humans. Clin. Endo-
crinol. (Oxf)., 66(5): 641-645.

29.	Halse R.E., Wallman K.E., Guelfi K.J. Postexercise wa-
ter immersion increases short-term food intake in trained 
men. Med. Sci. Sports Exerc., 43(4): 632-638.

30.	Hill A.J., Peters J.C. (1995b) Exercise and macronutrient 
balance. Int. J. Obes., 19(4): 88-92.

31.	Hill AJ., Melby C., Johnson S.L., Peters J.C. (1995a) 
Physical activity and energy requirements. Am. J. Clin. 
Nutr., 62(5):1059S-1066S.

32.	Hubert P., King N.A., Blundell J.E. (1998) Uncoupling 
the effects of energy expenditure and energy intake: ap-
petite response to short-term energy deficit induced by 
meal omission and physical activity. Appetite, 31(1): 
9-19.

33.	Ikeda N., Yasu T., Tsuboi K., Sugawara Y., Kubo N., Um-
emoto T. (2010) Effects of submaximal exercise on blood 
rheology and sympathetic nerve activity. Circ. J., 74(4): 
730-734.

34.	Kim H.J., Lee S., Kim T.W., Kim H.H., Jeon T.Y., 
Yoon Y.S. (2008) Effects of exercise-induced weight loss 
on acylated and unacylated ghrelin in overweight chil-
dren. Clin. Endocrinol., 68(3): 416-422. 



G. Tiryaki-Sonmez et al.122

35.	King J.A., Garnham J.O., Jackson A.P., Kelly B.M., Xe-
nophontos S., Nimmo M.A. (2015) Appetite regulatory 
hormone responses on the day following a  prolonged 
bout of moderate-intensity  exercise. Physiol. Behav., 
141: 23-31. 

36.	King J.A., Wasse L.K., Broom D.R., Stensel D.J. (2010) 
Influence of brisk walking on appetite, energy intake, and 
plasma acylated ghrelin. Med. Sci. Sports Exerc., 42(3): 
485-492.

37.	King J.A., Wasse L.K., Stensel D.J. (2011) The 
acute effects of swimming on appetite., food intake., 
and plasma acylated ghrelin. J. Obes., pii: 351628, 
DOI:10.1155/2011/351628.

38.	King N.A., Blundell J.E. (1995) High-fat foods overcome 
the energy expenditure induced by high-intensity cycling 
or running. Eur. J. Clin. Nutr., 49(2): 114-123.

39.	King N.A., Burley V.J., Blundell J.E. (1994) Exercise-
induced suppression of appetite: Effects on food intake 
and implications for energy balance. Eur. J. Clin. Nutr., 
48(10): 715-724. 

40.	King J.A., Garnham J.O., Jackson A.P., Kelly B.M., Xe-
nophontos S., Nimmo M.A. (2015) Appetite-regulatory 
hormone responses on the day following a  prolonged 
bout of moderate-intensity exercise. Physiol. Behav., 
141: 23-31.

41.	King N.A. (1999) What processes are involved in the ap-
petite response to moderate increases in exercise-induced 
energy expenditure? Proc. Nutr. Soc., 58(1): 107-113. 

42.	Kojima M., Hosoda H., Date Y., Nakazato M., Mat-
suo  H., Kangawa K. (1999) Ghrelin is a  growth-hor-
mone-releasing acylated peptide from stomach. Nature, 
402: 656-660.

43.	Lawrence C.B., Snape A.C., Baudoin F.M., Luck-
man  S.M. (2002) Acute central ghrelin and GH secret-
agogues induce feeding and activate brain appetite cen-
ters. Endocrinology, 143(1): 155-162.

44.	Le Roux C.W., Patterson M., Vincent R.P., Hunt C., 
Ghatei M.A., Bloom S.R. (2005) Postprandial plasma 
ghrelin is suppressed proportional to meal calorie content 
in normal-weight but not obese subjects. J. Clin. Endo-
crinol. Metab., 90(2): 1068-1071.

45.	Levine J.A. (2002) Non-exercise activity thermogen-
esis (NEAT). Best Pract. Res. Clin. Endocrinol. Metab., 
16(4): 679-702.

46.	Leidy H.J., Dougherty K.A., Frye B.R., Duke K.M., Wil-
liams N.I. (2007) Twenty-four-hour ghrelin is elevated 
after calorie restriction and exercise training in non-obese 
Women. Obesity (Silver Spring), 15(2): 446-455.

47.	Mackelvie K.J., Meneilly G.S., Elahi D., Wong A.C., 
Barr S.I., Chanoine J.P. (2007) Regulation of appetite in 
lean and obese adolescents after exercise: role of acylated 
and desacyl ghrelin. J. Clin. Endocrinol. Metab., 92(2): 
648-654.

48.	Mäestu J., Jürimäe J., Valter I., Jürimäe T. (2008) In-
creases in ghrelin and decreases in leptin without altering 
adiponectinduring extreme weight loss in male competi-
tive bodybuilders. Metabolism, 57(2): 221-225.

49.	Mann T., Nomiyama A.J., Westling E., Lew A.M., Samu-
els B., Chatman J. (2007) Medicare’s search for effective 
obesity treatments: diets are not the answer. Am. Psychol., 
62(3): 220-233. 

50.	Martins C., Kulseng B., King N.A., Holst J.J., 
Blundell  J.E. (2010) The effects of exercise-induced 
weight loss on appetite-related peptides and motivation 
to eat. J. Clin. Endocrinol. Metab., 95(4): 1609-1616. 

51.	Martins C., Morgan L.M., Bloom S.R., Robertson M.D. 
(2007) Effects of exercise on gut peptides., energy intake 
and appetite. J. Endocrinol., 193(2): 251-258.

52.	Martins C., Robertson M.D., Morgan L.M. (2008) Ef-
fects of exercise and restrained eating behaviour on ap-
petite control. Proc. Nutr. Soc., 67(1): 28-41.

53.	Martins C., Stensvold D., Finlayson G., Holst J., Wis-
loff U., Kulseng B., Morgan L., King N.A. (2015) Effect 
of moderate – and high-intensity acute exercise on appe-
tite in obese individuals. Med. Sci. Sports Exerc., 47(1): 
40-48.

54.	Marzullo P., Salvadori A., Brunani A., Verti B., Walk-
er G.E., Fanari P. (2008) Acylated ghrelin decreases dur-
ing acute exercise in the lean and obese state. Clin. Endo-
crinol. (Oxf)., 69(6): 970-971.

55.	Meijer G.A.L., Jansen G.M.E., Westerterp K.R., Verho-
even F., Saris W.H.M., ten Hoor F. (1991) The effect of 
a  5-month endurance-training programme on physical 
activity: evidence for a  sex-difference in the metabolic 
response to exercise. Eur. J. Appl. Physiol. Occup. Physi-
ol., 62(1): 11-17. 

56.	Miller W.C., Koceja D.M., Hamilton E.J. (1997) 
A  metaanalysis of the past 25 years of weight loss re-
search using diet., exercise or diet plus exercise inter-
vention. Int. J. Obes. Relat. Metab. Disord., 21(10): 
941-947. 

57.	Mizia-Stec K., Zahorska-Markiewicz B., Olszanecka-
Glinianowicz M., Janowska J., Mucha Z., Holecki M. 
(2008) Ghrelin as a  potential blood pressure reducing 
factor in obese women during weight loss treatment. En-
dokrynol. Pol., 59(3): 207-211.

58.	Moraes C., Marinho S., Lobo J.C., Stockler-Pinto M.B., 
Barros A.F., Jacobson L.V., da Nobrega A.C., Rosa M.L., 
Denise M. (2015) Effects of resistance exercise training 
on acyl-ghrelin and obestatin levels in hemodialysis pa-
tients. Ren. Fail., 21: 1-7.

59.	Mota G.R., Zanesco A. (2007) Leptin, ghrelin, and physi-
cal exercise. Arq. Bras. Endocrinol. Metabol., 51(1): 
25-33.

60.	Murakami N., Hayashida T., Kuroiwa T., Nakahara K., 
Ida T., Mondal M.S. (2002) Role for central ghrelin in 



Obesity, food intake and exercise: Relationship with ghrelin 123

food intake and secretion profile of stomach ghrelin in 
rats. J. Endocrinol., 174(2): 283-288.

61.	Nakazato M., Murakami N., Date Y., Kojima M., Mat-
suo H., Kangawa K. (2001) A role for ghrelin in the cen-
tral regulation of feeding. Nature, 409: 194–198.

62.	Nitsche H., Nitsche M., Sudi K., Tschop M., Zotter H., 
Weinhand G. (2007) Ghrelin--an indicator for fat oxida-
tion in obese children and adolescents during a  weight 
reduction program. J. Pediatr. Endocrinol. Metab., 20(6): 
719-723.

63.	Ozcan O., Bostanci M.O., Cicek G., Yamaner F. (2015) 
The effects of two different exercise programmes on adi-
pose tissue hormones in sedentary middle-aged women. 
Arch. Physiol. Biochem., 121(2): 50-55.

64.	Ozen S., Sonmez T.G., Yuktasir B., Yalcin H.B., Bug-
dayci G., Willems M. (2010) Effects of exercise on leptin 
and acylated ghrelin hormones ın trained males. 13(2): 
20-30.

65.	Perreault M., Istrate N., Wang L., Nichols A.J., Tozzo E., 
Stricker-Krongrad A. (2004) Resistance to the orexigenic 
effect of ghrelin in dietary-induced obesity in mice: re-
versal upon weight loss. Int. J. Obes. Relat. Metab. Dis-
ord., 28(7): 879-885.

66.	Powers S.K., Howley E.T. (2002) Exercise physiology: 
Theory and application to fitness and performance. 3th 
ed. New York: McGraw-Hill, p.167-168.

67.	Prentice A., Jebb S. (2004) Energy intake/physical activ-
ity interactions in the homeostasis of body weight regula-
tion. Nutr. Rev., 62: 98-104.

68.	Ross R., Dagnone D., Jones P.J.H., Smith H., Paddags A., 
Hudson R. (2000) Reduction in obesity and related co-
morbid conditions after diet-induced weight loss or ex-
ercise-induced weight loss in men. Ann. Intern. Med., 
133(2): 92-103.

69.	Rumbold P.L., Gibson A.S., Allsop S., Stevenson E., 
Dodd-Reynolds C.J. (2011) Energy intake and appetite 
following netball exercise over 5 days in trained 13–15 
year old girls. Appetite, 56(3): 621-628.

70.	Santosa S., Demonty I., Lichtenstein AH., Cianflone K., 
Jones PJ. (2007) An investigation of hormone and lipid 
associations after weight loss in women. J. Am. Coll. 
Nutr., 26(3): 250-258. 

71.	Sartorio A., Morpurgo P., Cappiello V., Agosti F., Maraz-
zi N., Giordani C. (2008) Exercise-induced effects on 
growth hormone levels are associated with ghrelin chang-
es only in presence of prolonged exercise bouts in male 
athletes. J. Sports Med. Phys. Fitness, 48(1): 97-101.

72.	Shearman L.P., Wang S.P., Helmling S., Stribling D.S., 
Mazur P., Ge L. (2006) Ghrelin neutralization by a  ri-
bonucleic acid-SPM ameliorates obesity in diet-induced 
obese mice. Endocrinology, 147(3): 1517-1526.

73.	Shiiya T., Nakazato M., Mizuta M., Date Y., Mon-
dal M.S., Tanaka M. (2002) Plasma ghrelin levels in lean 

and obese humans and the effect of glucose on ghrelin 
secretion. Clin. Endocrinol. Metab., 87(1): 240-244.

74.	Shorten A.L., Wallman K.E., Guelfi K.J. (2009) Acute 
effect of environmental temperature during exercise on 
subsequent energy intake in active men. Am. J. Clin. 
Nutr., 90(5): 1215-1221. 

75.	Shuto Y., Shibasaki T., Otagiri A., Kuriyama H., Ohata 
H., Tamura H. (2002) Hypothalamic growth hormone 
secretagogue receptor regulates growth hormone secre-
tion., feeding., and adiposity. J. Clin. Invest., 109(11):  
1429-1436.

76.	Stensel D. (2010) Exercise, appetite and appetite-regu-
lating hormones: ımplications for food ıntake and weight 
control. Ann. Nutr. Metab., 57(2): 36-42. 

77.	Stokes K.A., Sykes D., Gilbert K.L., Chen J.W., Frystyk J. 
(2010) Brief, high intensity exercise alters serum ghrelin 
and growth hormone concentrations but not IGF-I., IGF-
II or IGF-I bioactivity. Growth. Horm. IGF Res., 20(4): 
289-294.

78.	Stokes K.A., Sykes D., Gilbert K.L., Frystyk J. (2005) 
Growth hormone and ghrelin responses to very intence 
exercise in humans. Endokrine Abstracts, 10: 62.

79.	Toshinai K., Yamaguchi H., Sun Y., Smith R.G., Ya-
manaka A., Sakurai T. (2006) Des-acyl ghrelin induces 
food intake by a mechanism independent of the growth 
hormone secretagogue receptor. Endocrinology, 147(5): 
2306-2314. 

80.	Tschop M., Smiley D.L., Heimman ML. (2000) Ghrelin 
induces adiposity in rodents. Nature, 407: 908-913.

81.	Tups A., Helwig M., Khorooshi R.M., Archer Z.A., 
Klingenspor M., Mercer J.G. (2004) Circulating ghrelin 
levels and central ghrelin receptor expression are elevat-
ed in response to food deprivation in a  seasonal mam-
mal (Phodopus sungorus). J. Neuroendocrinol., 16(11): 
922-928.

82.	Ueda S.Y., Yoshikawa T., Katsura Y., Usui T., Nakao H., 
Fujimoto S. (2009) Changes in gut hormone levels and 
negative energy balance during aerobic exercise in obese 
young males. J. Endocrinol., 201(1): 151-159. 

83.	Unick J.L., Otto A.D., Goodpaster B.H., Helsel D.L., Pel-
legrini C.A., Jakicic J.M. (2010) Acute effect of walking 
on energy intake in overweight/obese women. Appetite, 
55(3): 413-419. 

84.	Valera Mora M.E., Scarfone A., Valenza V., Calvani M., 
Greco A.V., Gasbarrini G. (2005) Ghrelin does not in-
fluence gastric emptying in obese subjects. Obes. Res., 
13(4): 739-744.

85.	Vatansever-Ozen S., Sonmez G.T., Bugdayci G., Ozen G. 
(2011) The effects of exercise on food intake and hunger: 
Relationship with acylated ghrelin and leptin. J. Sport 
Sci. Med., 10(2): 283-291. 

86.	White L.J., Dressendorfer R.H., Holland E., McCoy S.C., 
Ferguson M.A. (2005) Increased caloric intake soon after 



G. Tiryaki-Sonmez et al.124

exercise in cold water. Int. J. Sport Nutr. Exerc. Metab., 
15(1): 38-47.

87.	Wilmore J.H. (1996) Increasing physical activity: altera-
tions in body mass and composition. Am. J. Clin. Nutr., 
63(3): 456-460.

88.	Wren A.M., Seal L.J., Cohen J.A., Brynes A.E., 
Frost G.S., Murphy K.G. (2001) Ghrelin enhances appe-
tite and increases food intake in humans., J. Clin. Endo-
crinol. Metab., 86(12): 5992-5995.

89.	Zahorska-Markiewicz B., Mizia-Stec K., Olszanecka-
Glinianowicz M., Janowska J. (2004) Effect of weight 

reduction on serum ghrelin and TNFalpha concentrations 
in obese women. Eur. J. Intern. Med., 15(3): 172-175.

90.	Zorrilla E.P., Iwasaki S., Moss J.A., Chang J., Otsuji J., 
Inoue K. (2006) Vaccination against weight gain. Proc. 
Natl. Acad. Sci. USA, 103(35): 13226-13231.

Received 22.07.2015
Accepted 19.08.2015

© University of Physical Education, Warsaw, Poland


	Obesity, food intake and exercise: Relationship with ghrelin
	tmp.1547584558.pdf.Rr6OH

