Sport Physiology Volume 14, No 54, 2022, Page 47-80

Review Paper
The Effect of Exercise on Appetite Hormones in Obesity
and Diabetes with an Emphasis on the Role of Leptin in
Adipose Tissue and Hypothalamus Cross Talk: A
Systematic Review Study

M. H. Rezaei!, M. Abbaspour?, K. Khoramipour?

1. Department of Exercise Physiology, Faculty of Physical Education, Shahid
Bahonar University, Kerman, Iran

2.Department of Exercise Physiology, Faculty of Physical Education, Shahid
Bahonar University, Kerman, Iran

3. Department of Physiology and Pharmacology, Faculty of Medicine, Kerman
University of Medical Sciences, Kerman, Iran (Corresponding Author)

Received: 2021/08/10 Accepted: 2021/12/06

Abstract

Obijectives: Obesity disrupts the expression and secretion of adipokines which also leads
to the disruption of various biological functions in the body, and causes secondary
diseases, including type 2 diabetes. The discovery of the leptin (one of the most important
adipokines) has aroused great interest in the treatment of obesity, because this hormone is
known as an appetite control hormone and has a role in regulating food intake, energy
consumption and energy balance of the whole body. The leptin levels of plasma have
positive correlation with body fat and respond to changes in energy balance. Leptin by
flowing through the blood-brain barrier of the hypothalamus, reduces the secretion of
appetite-stimulating hormones and increases appetite-suppressing hormones. Therefore,
controlling leptin signals in hypothalamus can provide a remedy to obesity and obesity-
induced metabolic disorders such as type 2 diabetes. Exercise is one of the most important
controllers of leptin secretion. Hence, this systematic review has tried to examine the
effect of exercise on appetite hormones in obesity and diabetes with emphasis on the role
of leptin in adipose tissue and hypothalamus cross talk. Methods & Materials: To this
end, the databases of Google Scholar, PumMed, Scopus, SID, Noor and Magiran were
searched and the published studies from 2000 t02021 were analyzed. The criterion for
entering articles in this study is to have at least one of the combinations of exercise and
hypothalamus, exercise and appetite hormones, exercise and leptin in the title or keywords
of the articles. Results: In the final stage, 30 articles found the necessary conditions to
enter the study and 3 articles were deleted due to deficiencies in the reported information,
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and finally 27 articles were finalized. Conclusions: Seemingly, it was concluded that
exercise (acute, charonic) increases leptin levels and stimulates the expression of appetite
suppressor genes but inhibits the expression of appetite-stimulating genes. However, more
study is needed to uncover the role of exercise variables such as type, intensity and volume
on leptin levels and functions of appetite control pathways in the hypothalamus.
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Extended Abstract
Background and Purpose
:Obesity disrupts the expression and secretion of adipokines which also leads to

disruption of various biological functions in the body, and causes secondary
diseases, including type 2 diabetes (1,2). The discovery of the leptin (one of the
most important adipokines) has aroused great interest in the treatment of obesity,
because this hormone is known as an appetite control hormone controlling food
intake, energy consumption and energy balance (3). The leptin levels of plasma
have positive correlation with body fat and respond to changes in energy balance
(4). Leptin belongs to the family of long helical cytokines, and its controlling
effect on energy homeostasis is exerted through its receptors (5). Leptin can pass
blood-brain barrier in its way to hypothalamus and reduce the secretion of
appetite-stimulating hormones and increase the secretion of appetite-suppressing
hormones (6). Therefore, the controlling leptin signals in hypothalamus can be
considered as a solution for obesity and obesity-induced metabolic disorders, such
as type 2 diabetes.

Exercise is one of the most important controllers of leptin secretion (7, 8). Hence,
this systematic review has tried to examine the effect of exercise on appetite
hormones in obesity and diabetes with emphasis on the role of leptin in adipose
tissue and hypothalamus cross talk.

Materials and Methods

The databases of Google Scholar, Pum Med, Scopus, SID, Noor, and Recipient
were reviewed for studies related to the subject of the present study, and the
published studies between 2000 and July 30, 2021 were analyzed. For this
purpose, the keywords of leptin, obesity, diabetes, hypothalamus, adipokine,
adipose tissue, short-term and long-term exercise, aerobic exercise, endurance
training, resistance training and strength training with different lexical
combinations were searched in both English and Persian. In order to evaluate the
quality, all articles were selected based on inclusion and exclusion criteria. in this

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



49 Sport Physiology, Volume 14, No 54, 2022

study, some criteria were considered;both human and animal articles were
included, only articles published in English and Persian were selected, and the
articles published in invalid journals (the journals determined as invalid by
http://impactfactor.ir) were deleted. In the initial search, 259 articles were found
based on their title and keywords, among which 100 articles were deleted due to
the lack of relevance of the abstract to the intended concepts. In the second stage,
159 articles were screened for relevance to the concepts and 100 articles were
deleted due to lack of at least one combination of three keywords or unrelated
introduction. In the third stage, the full text of 59 articles were reviewed for
eligibility and 35 articles were deleted due to the unrelated text to the intended
concepts. In the final stage, 3 articles were deleted because of invalid information
and finally 27 articles were included in this study. These articles were reviewed
and, based on subjects (human and animal) and the duration of training (acute and
long-term), they were classified and presented in the relevant tables.

Findings

The total number of reviewed articles is 27, which includes:

* The subjects of 8 articles (equivalent to 30% of the total articles) and 19 articles
(equivalent to 70% of the total articles) were human and animal, respectively.
Therefore, researchers have been more inclined to do animal research.

* 18 articles (66% of the total articles) were long-term (the studies that took more
than a week to complete the exercise protocol were considered as long-term
exercises) and 9 articles were short term (studies that took less than a week to
complete the exercise protocol were considered as short-term exercises) (33% of
the total articles). These numbers indicate the interest of researchers in conducting
long-term studies.

+ 8 articles (30% of all articles) were conducted between 2000-2010 and 19
articles (70% of total articles) were conducted between 2011-2021. These data
show the increasing trend of research in this field and it seems that this trend will
continue in the coming years.

The results showed that the disruption of satiety processes is one of the most
important causes of development of metabolic diseases such as obesity and
diabetes. In general, three methods have been proposed for the prevention in
which physical activity has been emphasized due to the lack of side effects as well
as many other positive physiological and psychological effects. Researchers
believe that part of the effect of exercise on the improvement of metabolic diseases
is mediated by leptin. Studies have revealed that regular exercise improves leptin
signaling in the hypothalamus, increases energy expenditure, and reduces appetite
in obese mice. Exercise also accelerates the process of browning white fats and
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thus stimulates heat production in the body, increases phosphorylation of JAK2
and STAT3 proteins, increases transcription of appetite suppressant neuropeptides
(POMC) and (CART), and suppresses AGPY and NP (proteins inhibit leptin and
insulin pathways), in addition to which increases IRS-1/2 and AKT.

The findings of most studies showed that exercise (regardless of type and
duration) can increase leptin and appetite suppressant neuropeptides (AgRP,
NPY) as well as inhibit the expression of appetite stimulating neuropeptides
(POMC, CART). The effects of leptin can also be mediated by changing the
secretion of other mediators of this pathway such as: AMPK, MTOR, JAK2,
STATS3, ERK, thus have positive effects on the appetite suppression process.
However, the results are not still conclusive and more studies are needed to
determine the exact effect of exercise on appetite through leptin. It seems that the
training variables should manipulate more accurately so that we can conclude
about the exact roles of each one in induced effects.

Conclusion

The results of this study clearly showthe important role of leptin in regulating
appetite and the effect of exercise on this process. Exercise (both acute and long-
term) increases leptin levels and stimulates the expression of appetite-suppressing
genes (POMC) and (CART), while it inhibits the expression of appetite-
stimulating genes (NPY) and (AgRP). Voluntary running, like other training
models, in addition to increasing leptin and its receptor in the hypothalamus,
increased the major proteins involved in the appetite pathways, including AMP-
K, SIRT1, STAT3, and POMC. These effects can be leptin
dependent/independent. It has also been reported that leptin can accelerate the
browning white fats, thereby stimulating heat production in the body and
accelerating weight loss. However, the results are not still conclusive and more
studies are needed to determine the exact effect of exercise on appetite through
leptin. It seems that, the training variables should manipulate more accurately so
that we can concludeabout the exact roles of each one in induced effects.

Article Message

It seems that the effect of exercise on appetite control pathways as well as leptin
is independent of training duration (short or long term) and training variables
(type, intensity ...). Therefore, any short-term or long-term exercise can increase
the secretion of leptin and appetite suppressant hormones, but reduce appetite-
stimulating hormones. It is suggested that future researches examine the effect of
high-intensity resistance to ultimately determine the most effective training in this
area. It should be noted that the result about the effect of exercise on appetite is

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



51 Sport Physiology, Volume 14, No 54, 2022

not still conclusive and needs further research. We suggest the researchers put
their attention on training variables.

Keywords: Exercise, Leptin, Appetite Hormones, Hypothalamus
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Figure 1- Types of leptin receptor isoforms
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Figure 2- Leptin signaling pathways in the hypothalamus
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Figure 3- How to enter articles in research
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Table 1 -The acute effect of exercise on leptin and appetite hormones in the
hypothalamus (animal studies)
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Table 2 — The chronic effect of exercise on leptin and appetite hormones in the

hypothalamus (animal studies)
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Table 3- The acute effect of exercise on leptin and appetite hormones in the
hypothalamus (human studies)
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