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Abstract: Exercise training is a valuable tool for improving body weight and composition in over-
weight or obese adults, which leads to a negative energy balance. It is relevant to consider whether
exercise can help people lose weight or prevent weight gain because any energy expended in exercise
increases the severity of hunger and promotes food consumption. Over the past decade, the identifi-
cation of the circulating peptide ghrelin, which alerts the brain to the body’s nutritional state, has
significantly expanded our understanding of this homeostatic mechanism that controls appetite and
body weight. To shed more light on this issue, we decided to investigate the effects of resistance
and endurance training on plasma ghrelin and leptin levels. In addition, we sought to understand
the mechanisms by which acute and chronic exercise can regulate hunger. This review analyzes
studies published in the last fifteen years that focused on changes suffered by ghrelin, leptin, or both
after physical exercise in overweight or obese individuals. Most studies have shown a decrease in
leptin levels and an increase in ghrelin levels in these cases. Exercise regimens that support weight
maintenance need further investigation.

Keywords: ghrelin; leptin; appetite-related peptides; exercise; training; physical activity;

overweight; obesity

1. Introduction

An imbalance between energy intake and expenditure leads to obesity when energy
intake through food consumption exceeds energy expenditure. Three factors make up
energy expenditure: physical activity, postprandial thermogenesis, and basal metabolism.
The latter factor is believed to be the most important and has been shown to be reduced in
obese individuals, whereas food consumption usually increases.

Dietary practices are associated with metabolic health and have been demonstrated
to be predictive of chronic non-communicable diseases such as type 2 diabetes mellitus,
coronary heart disease, stroke, and certain types of cancer [1,2]. Many environmental,
social, psychological, and physiological factors impact food-related behaviors, creating
an intricate and often unpredictable interaction that influences food consumption. This
complexity adds a layer of intrigue to the challenge of controlling dietary practices and
regulating food intake. From a physiological point of view, the hormonal balance that
indicates both satisfaction and hunger significantly controls the desire to eat.

Food intake involves hormonal communication from the gastrointestinal tract, adipocytes,
and other parts of the body (i.e., fat or adipose cells). The hypothalamus generally has primary
control over food intake. Understanding and addressing these factors are crucial in controlling
dietary practices, especially in obese and overweight individuals.
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Leptin and ghrelin are two key players in this complex system. Ghrelin, a well-known
gut hormone, increases the urge and sensation of hunger. Conversely, the body produces a
variety of signals that decrease appetite, including pancreatic hormones like insulin and
pancreatic polypeptide (PP) and gut hormones like leptin. Mainly, endothelial cells in the
pancreas and digestive system release these hormones postprandially. Increased levels
of these hormones set off a series of events that limit food intake, suppress food-seeking
behaviors, and produce a false sense of fullness [3-5].

Apart from their reactions during feeding and fasting, these hormones that control
hunger also exhibit variations during and after physical activity.

Physical exercise is undoubtedly beneficial for health. The processes that mediate
these advantages are still not entirely known, though. Interest has been expressed in the
relationship between exercise and ghrelin or leptin release since both hormones affect
energy homeostasis, body composition, and glucose and lipid metabolism.

Several studies have investigated the effects of both acute and long-term exercise on
hormones linked to hunger production individually. The findings are conflicting, with
circulating ghrelin and leptin levels shown to rise, fall, or remain unchanged in response to
acute or long-term physical activity. These contradictory data spark curiosity and encourage
further research to uncover the truth.

In the last fifteen years, the topic has been the focus of additional research, and new
information has become accessible. We conducted a thorough literature analysis in this
regard to obtain an updated perspective on how resistance and endurance training affect
the production of ghrelin and leptin levels in obese and overweight individuals. Our
main goal is to explore the effect of exercise on ghrelin and leptin levels according to the
research subject, activity level, and exercise timing. Additionally, we will try to underline
mechanisms via which acute and chronic exercise can regulate hunger.

1.1. Ghrelin
1.1.1. General Information

Ghrelin is a 28-amino-acid peptide discovered by Kojima et al. in 1999 [6]; it functions
as a natural ligand of the orphan growth hormone secretagogue receptor type 1la (GHS-R 1a)
in gastric extracts. Although the stomach is primarily associated with ghrelin production,
the ghrelin gene is widely dispersed throughout the body, among other tissues such as
the intestines, kidneys, pancreas, placenta, testicles, pituitary gland, and brain. Ghrelin
has two primary chemical forms: des-acyl ghrelin and acylated ghrelin. The former fulfills
most of ghrelin’s activities, making up less than 10% of the total circulating ghrelin [7].

It has been demonstrated that ghrelin is essential for regulating the release of growth
hormone [8,9]. Still, it is also involved in several other physiological processes, including
food intake, behavior linked to rewards, glucose homeostasis (inhibiting insulin secretion
and regulating the synthesis and metabolism of glucose and glycogen), motility of the
gastrointestinal system, prevention of muscle atrophy (by supporting the differentiation
and fusion of muscle fibers), reducing the activity of the sympathetic nervous system (for
example, it improves the prognosis regarding survival in the case of myocardial infarction),
a role in regulating bone growth through the differentiation and proliferation of osteoblasts
(high levels of this hormone are recorded in metastatic cancer cases), and so on [10-12].

Furthermore, biological materials can also include des-acyl ghrelin, a non-acylated
version of ghrelin. In contrast to ghrelin, des-acyl ghrelin does not bind to GHSR at
physiological levels, and its physiological function is still poorly understood.

The literature now uses several names to refer to ghrelin and des-acyl ghrelin. In 2023,
the use of GHSR for the receptor and LEAP2 for liver-expressed antimicrobial peptide 2 (a
recently recognized endogenous GHSR antagonist/inverse agonist) [13] was suggested.

1.1.2. Obesity and Ghrelin

Ghrelin is involved in multiple physiological functions, such as regulating growth
hormone (GH) secretion [13-15], adiposity [16-18], gastric acid secretion [10,17], and gut
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motility [14,16,19]. Ghrelin is a crucial player in anorexic behaviors related to appetite
stimulation and body weight management [20]. Ghrelin expression in the stomach rises
during fasting and decreases within 1 h of having a meal [21]. Postprandially, the de-
crease in plasma ghrelin levels is also proportional to the amount of calories consumed,
underlining ghrelin’s role as a hunger signal [11,12,16]. Ghrelin levels and hunger scores
are correlated [10]. Ghrelin is also associated with the inner digestive contractions of the
stomach in rats, as well as with the stimulation of gastric acid secretion and motility [17,22].

Age, lactation, and sex hormones can also influence ghrelin secretion and mRNA
expression of the octanoylating enzyme ghrelin O-acyltransferase (GOAT), critically af-
fecting ghrelin activity [21]. Studies have shown that ghrelin secretion is upregulated in
patients with anorexia and cachexia, while it is downregulated in patients with hyperphagia
and obesity [20,23,24]. Moreover, studies have recently reported that decreased basal and
postprandial ghrelin levels were observed in age-matched female patients with functional
dyspepsia (FD) compared to healthy controls [20,23]. Suppressed ghrelin responses were
significantly correlated with meal-related symptoms in female patients with FD experienc-
ing higher bloating and satiety ratings [25]. Their findings also revealed abnormal ghrelin
responses in functional GI disorders. Therefore, how ghrelin is controlled in such situations
needs to be clarified.

Fasting plasma levels of ghrelin in obese subjects are significantly lower than those
in non-obese subjects [12,26,27]. Plasma-acylated ghrelin levels are significantly and nega-
tively correlated with the basal metabolic index; visceral, subcutaneous, and total fat area;
and serum insulin levels in type 2 diabetic patients. In these patients, plasma acylated
ghrelin levels were significantly associated with serum insulin levels after adjustments
for body mass index (BMI) [26,28,29]. Plasma ghrelin concentrations increase after weight
loss, and the increase in ghrelin levels is positively correlated with the extent of weight
loss [24,26,27,29,30]. Ghrelin may play a role in the adaptive response that limits the amount
of weight that may be lost by dieting [13,28,31-34].

1.2. Leptin
1.2.1. General Information

Leptin is a 167-amino-acid hormone discovered by Douglas Coleman and Jeffrey
Friedman in 1994, first known as the obesity hormone; it is synthesized predominantly (but
not entirely) by white adipose tissue [35]. The leptin gene (ob) is situated on chromosome
7g31.3 [36]. Leptin functions by attaching itself to leptin receptors (LRs) on the cell surface
of cardiac, perivascular intestinal, hepatic, and neural tissues [37].

The variables that most influence the levels of circulating plasma leptin are gender,
metabolic hormones, and total body mass index (BMI). The amount of leptin is proportional
to the quantity of body fat mass. Compared to men, women’s levels of circulating leptin
are higher [37-39].

There are at least six isoforms of leptin receptors (LepRa, LepRb, LepRc, LepRd, LepRe,
and LepRf), each of which has a unique intracellular domain and a common leptin-binding
domain. Lep-Rb (long isoform) is the primary source of leptin-specific effects, since it is
the only isoform with the intracellular motif required for leptin-mediated activation of
the Janus kinase/signal transducers and activators of transcription (JAK-STAT) signaling
pathway in the hypothalamus. LepRb is a regular class I cytokine receptor that does
not have internal kinase activity. Leptin’s binding to LepRb facilitates the activation of
Janus kinase 2 (JAK2), followed by autophosphorylation and the phosphorylation of three
tyrosine residues in LepRb (Y985, Y1077, and Y1138). These phosphorylated residues
interact with signaling molecules that contain SH2 domains and bind to the LepRb-JAK2
complex. This process subsequently triggers the phosphorylation of the signaling proteins
by JAK2, which, in turn, transmits leptin-specific signals to second-order neurons situated
in the hypothalamic nucleus [40].

Leptin and its receptor are important pharmacological targets because an excess, defi-
ciency, and resistance to leptin are linked to various human pathologies, including obesity,
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fertility, cancer, and autoimmune illnesses [39-41]. The decrease in leptin concentrations
after fasting is responsible for the starvation-induced suppression of the hypothalamic-
pituitary—gonadal axis, as well as the malfunction of several other neuroendocrine axes.
Therefore, leptin appears crucial in mediating the relationship between adipose tissue,
hypothalamic centers regulating energy homeostasis, and the reproductive system [35,38].

Leptin acts as a suppressor on neuropeptide Y (NPY), a potent appetite stimulator;
it is known to regulate various pituitary hormones, e.g., suppression of growth hormone
(GH) through stimulation of somatostatin, suppression of gonadotropins, or stimulation of
the pituitary—adrenal axis [36,37].

Cortisol has been shown to stimulate leptin production and can induce leptin re-
sistance [37]. At the same time, leptin production is positively correlated with insulin
concentration [36,37].

Growth hormone has a negative feedback loop with leptin and stimulates the produc-
tion of growth hormone-releasing hormone [9,39,41].

1.2.2. Obesity and Leptin

Different studies show a strong positive connection between serum leptin levels
and the percentage of body adiposity [42—44]. The clinical characteristics of extreme
obesity, decreased satiety, intense hyperphagia, persistent food-seeking behavior, recurrent
bacterial infections, hyperinsulinemia, liver steatosis, dyslipidemia, and hypogonadotropic
hypogonadism are the outcomes of a complete leptin deficit.

Leptin resistance, or resistance to the anorectic and body-weight-reducing effects of
leptin, is linked to hyperleptinemia. Common obesity is characterized by leptin resistance
and hyperleptinemia [37]. Forms of leptin have been created and investigated to reverse
obesity, but promising effects were seen only in leptin-deficient pathologies.

Leptin regulates glucose metabolism centrally and peripherally, and its action depends
on the degree to which insulin signaling pathways are activated.

Both central and peripheral leptin have the favorable effect of reducing ectopic fat
deposition, which is helpful in illnesses linked to obesity [44].

Leptin’s peripheral target tissues include the endocrine pancreas, liver, skeletal muscle,
adipose tissues, immune cells, and cardiovascular system. Leptin is present in all types
of fat depots. Circulating leptin levels are positively related to obesity in lean humans
and animals. Extended fasting is linked to a rapid decrease in plasma leptin levels, which
regulates appetite [45].

Some studies conducted many years ago on rats showed that lesions in the arcuate
nucleus, ventromedial hypothalamus nucleus (satiety center), or dorsomedial hypothala-
mus nucleus could cause hyperphagia and obesity in rats. In contrast, lesions of the lateral
hypothalamic nuclei (hunger center) can cause hypophagia [46].

Subsequent research has shown that leptin can stimulate brain pathways targeted by
inhibitors to suppress appetite and inhibit neural pathways activated by appetite stimulants
in order to reduce calorie intake. Agouti-related protein (AgRP) and neuropeptide NPY
are examples of neuropeptides that stimulate appetite. Hunger is inhibited by alpha-
melanocyte-stimulating hormone (x-MSH), produced by proopiomelanocortin (POMC).
Neurons in the central melanocortin system involved in regulating energy balance are
among those that express AgRP, POMC, and melanocortin [47-49].

Obese individuals present pathologically elevated circulating leptin as a sign of leptin
resistance. This refers to the diminished sensitivity of the brain or inability to respond to
leptin, indicating a decline in the capacity of leptin to reduce appetite or increase energy
expenditure. This, in turn, leads to an increase in food intake and the eventual development
of overweight, obesity, cardiovascular disease, and other metabolic disorders [49].

2. Methodology

A thorough systematic review was performed and reported using the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria [Figure 1].
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Research assessing the effect of physical activity on leptin and ghrelin levels was acceptable
for inclusion.
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Figure 1. PRISMA flow diagram.

2.1. Inclusion Criteria

Studies were considered for inclusion if they met the following requirements: (1) writ-
ten in English, and published in a peer-reviewed journal; (2) included individuals of any
gender, age, weight status, level of physical fitness, and health; (3) used physical exercise as
a standalone intervention or in conjunction with other interventions; (4) applied resistance
or endurance training using exercises of varying kinds, intensities, and durations; and
() included a minimum of two measurements (pre- and post exercise/training) of ghrelin,
regardless of the form found.

The following criteria were used to rule out studies: (1) reviews, case reports, com-
ments, opinions, or editorials; (2) they applied an intervention without any physical
exercise; (3) they did not provide information about the type, intensity, frequency, or dura-
tion of the exercise or training; (4) they used exogenous ghrelin administration; or (5) they
involved animals.

2.2. Literature Search Strategy and Study Selection

From 1 January 2009 to 1 February 2024, research was conducted across several
significant databases, including PubMed, Scopus, EBSCO Host, Google Scholar, Academic
Search Premier, ScienceDirect, and Springer-Link. Using the operators “AND”, “OR”, and
“ghrelin” OR “leptin” OR “appetite-related peptides” OR “gastrointestinal peptides” OR
“gastrointestinal hormones”, the following essential phrases were added and combined:
(“exercise” OR “acute exercise” OR “chronic exercise” OR “training” OR “physical activity”
OR “endurance training” OR “resistance training”). In addition, relevant studies were
found in the full-text publications’ reference lists and by searching related articles and
citations in the PubMed database.
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A systematic review (rather than a meta-analysis) was conducted because of the
significant heterogeneity of the included studies with respect to the type of ghrelin found,
participant characteristics, and activity.

2.3. Results

The literature search found 327 records. After screening complete texts, abstracts, and
titles, 54 pertinent papers were identified and added to the final analysis (Figure 1 and
Supplement Table S1).

2.3.1. Selected Studies

Based on the inclusion and exclusion criteria, two authors (M.B.I. and R.N.) indepen-
dently assessed the titles retained from the abovementioned literature search. Potentially
relevant citations were filtered down to the abstract level. Full-text papers were evalu-
ated where the abstracts suggested that they should be included. Relevant data, such as
sample size, participant characteristics (e.g., sex, age class, body mass phenotype, level
of fitness/training, health condition), exercise modality (e.g., acute, chronic), type (e.g.,
aerobic, resistance, intermittent, combined), intensity (e.g., moderate, intense), duration,
and analytical characteristics (e.g., ghrelin form detected, method of analysis, precision),
were extracted for each eligible study. The quantity and direction of changes in circulating
ghrelin were the primary endpoints. Changes in body weight/fat and circulating growth
hormone were also collected when available. Any differences in opinion between the two
authors about the choice of studies or the data extraction process were settled by discussion
and agreement between all of the authors.

2.3.2. Participants Characteristics

Of the 54 included studies, 33 looked at the ghrelin and leptin responses to acute
activity, and 21 looked at the responses to chronic exercise. The trials varied greatly with
respect to the kind, frequency, intensity, and length of exercise/training. Multiple exercise
types, intensities, and durations were used in numerous trials: aerobic (n = 20), resistance
(n = 18), intermittent (n = 8), or combination (n = 8). In terms of time, 27 studies, 21 studies,
and 6 studies used exercise for less than 45 min, more than 45 min, and more than 90 min,
respectively.

2.3.3. Exercise Type

The ghrelin and leptin responses to acute activity were studied in 33 of the 54 included
studies, and the reaction to chronic exercise was studied in 21 studies. The trials varied
greatly with respect to the kind, frequency, intensity, and length of exercise/training.
Multiple exercise types, intensities, and durations were used in various trials. Aerobic
(n = 13), resistance (n = 9), intermittent (n = 5), or combination (n = 6) exercise was utilized
in the acute exercise investigations. Regarding time, 15, 11, and 7 studies used exercise for
less than 45 min, more than 45 min, and more than 90 min, respectively. Progressive time
training was implemented in six research studies.

Studies on chronic exercise included training programs that were either aerobic (n = 8),
resistance (n = 7), a combination (n = 4), or intermittent (n = 2). The majority of these
studies (n = 25) employed a long-term program (>12 weeks), while six studies employed
very long-term (>48 weeks) training programs. The majority of research on acute or chronic
exercise involved moderately intense exercise. A few studies paired physical training with
other therapies, such as dietary interventions [22,50-52].

This review also included the long-term effects of specific sports, such as cycling,
swimming, and yoga [27,30,53-56].

Table 1 briefly features the included studies, the number and status (obese/overweight)
of participants, and training results on ghrelin and leptin levels.
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Table 1. Exercise-induced changes in ghrelin and leptin.

Study (Reference) Participants (Number) Results
Najafi R et al. [52] 30 obese girls Leptint; ghrelin]
Oh DH, Lee JK et al. [57] 16 obese adults Leptin]
Heinen D et al. [58] 105 adults with overweight/obesity Leptint
LiS, GuoRetal. [59] 14 obese adults lappetite; ghrelin]
Rostamzadeh, N et al. [60] 30 obese adults Acylated ghrelin]
Beer NJ et al. [61] 36 adults lappetite
Murawska-Cialowicz E. et al. [62] 75 with overweight/obesity Leptin].
Halliday TM et al. [29] 24 overweight adults ghrelin|
Tobin SY et al. [63] 24 adults with overweight/obesity ghrelin|; |appetite
Middelbeek RJW et al. [64] 22 sedentary males Leptin]

Fico BG et al. [54]

39 adults with obesity and osteoarthritis

No significant effect

Shakiba E et al. [65]

44 overweight adults

Jacylated ghrelin

Ouerghi et al. 2019 [8]

7 overweight adults

No significant effect

Heiston et al. [28]

28 obese adults

No significant effect

Quist JS et al. [66] 130 adults with overweight/obesity acylated ghrelin
Tremblay A, et al. [67] 100 overweight adults ghrelint at 3 mrz;l;};}?sno change at 6
LiaoJ et al. [68] 16 obese children ghrelint
Dorling JL et al. [69] 24 adugigiissﬁissitmy-hnkEd Acylated ghrelin]
Yu AP et al. [53] 79 obese adults Acylated ghrelin]
Caldeira RS et al. [70] 20 overweight/obese adults Leptin]
Inoue D et al. [71] 16 overweight/obese adults Leptin]
Kang SJ et al. [55] 13 obese females Leptin] ghrelint
Jackson M et al. [72] 70 overweight/obese adults Leptint; ghrelin]
Vardar S, et al. [73] 12 overweight/obese females Leptin]
Holliday A. et al. [30] 8 overweight adults Acylated ghrelin]
Martins C et al. [74] 45 obese adults No significant effect
Bjersing JL et al. [75] 43 overweight females Leptin]
Racil G et al. [76] 68 obese females Leptin]

Tan S. et al. [77] 30 overweight individuals Leptin]
Douglas JA et al. [78] 15 overweight males No significant effect
Gibbons et al. [56] 32 overweight/obese individuals Leptint; ghrelin]
Martins C et al. [27] 12 overweight/obese adults Acylated ghrelin]

Mason C et al. [51] 439 overweight or obese females ghrelint
Salvadori A. et al. [79] 12 overweight/obese females Leptin]
Morishima, T. et al. [80] 20 overweight/obese adults Leptin]
Damaso AR. Et al. [81] 139 obese individuals Leptin]

Gholipour M et al. [82]

8 overweight adults

Acylated ghrelin|; |appetite

Sim AY et al. [83]

17 overweight men

ghrelin |

Campos RM et al. [32]

42 obese adolescents

ghrelint; leptin
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Table 1. Cont.

Study (Reference) Participants (Number) Results
Zaccaria M, et al. 2013 [84] 7 overweight males leptin].
Heden TD et al. 2013 [85] 14 obese females No significant effect
Mendham A. et al. [86] 33 overweight/obese males leptin]
Tiryaki-Sonmez G et al. [87] 9 overweight females No significant effect
Karacabey K. et al. [88]. 40 obese boys leptin|
Ahmadizad S et al. [89] 32 overweight/obese males No significant effect
Jones TE et al. [33] 12 overweight adolescents No significant effect
Gueugnon C et al. [31] 32 obese inactive adolescents ghrelint; leptin
Loria-Kohen V et al. 2012 [90] 119 overweight individuals leptin]
Thomas GA et al. [91] 19 obese men ghrelint
Kraemer R et al. 2011 [92] 80 overweight/obese males leptin|
Martin C et al. [74] 22 overweight/obese adults ghrelint
Sartor F et al. [93] 19 obese adults leptin]
Kosydar-Piechna M. et al. [94] 64 overweight males No significant effect
Hagobian TA et al. [95] 9 overweight males ghrelint

T—increased; |—decreased.

3. Exercise-Induced Changes in Ghrelin and Leptin
3.1. Effect of Exercise on Ghrelin

Since exercise increases growth hormone and decreases ghrelin concentrations in
the bloodstream (due to blood redistribution, sympathetic nervous system activity, gas-
trointestinal motility, cytokine release, free fatty acid concentrations, lactate production,
and changes in plasma glucose and insulin concentrations), most investigations started
with the premise that exercise will suppress ghrelin [78,96,97]. Acute exercise has conflict-
ing effects on ghrelin [Table 1]. However, other research suggests that the sensation of
hunger temporarily decreases during and shortly after exercise, a phenomenon known as
“exercise-induced anorexia” [17].

In endurance training, ghrelin levels increase due to decreased fat loss and weight
loss. However, it has been shown that reducing oxidative stress stimulates ghrelin se-
cretion. Exercises also have an impact on oxidative capacity, reducing oxidative stress
levels. The possible mechanisms by which weight loss increases circulating ghrelin are
(1) an increase in carbohydrate use, regardless of growth hormone; (2) anabolic effects as
a consequence of GH increase and insulin-like growth factor-1; and (3) stimulating food
intake via neuropeptide Y [50,98].

Several investigations have shown that short-term exercise, regardless of exercise
intensity or type, has little effect on plasma ghrelin levels during or after exercise in
participants who are severely obese or overweight [27,29,30,59,60,63,78,87,88,91,95,99-101].
However, following exercise, there is a significant drop in the hypothalamic concentration
of ghrelin [8]. Furthermore, studies have shown that total and acylated ghrelin levels
significantly increase during and after exercise [53,74]. These studies have also shown that
this increase is more significant in subjects of average weight than in obese subjects, and
that it occurs more during fasting rather than feeding [85,102].

It has been demonstrated that acute aerobic exercise (AEx) reduces the expected
increase in hunger and energy intake brought on by a calorie deficit from an increased
energy expenditure [29,63]. Changes in gastrointestinal peptides—such as elevated peptide
YY and glucagon-like peptide-1, or reduced ghrelin—may regulate this. However, exercise
may also promote the regulation of appetite and energy intake by affecting non-homeostatic
processes, including food cravings and subjective hunger [29,68,82]. For example, studies
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using AEx have demonstrated decreased neural responses in brain areas linked to food
reward circuits, and these responses are frequently followed by decreased appetite and
enhanced satiety [29,63,82]. Conflicting findings from chronic AEx therapies have been
seen, with moderate or no impact on appetite-related indicators (such as gut peptides and
self-reported appetite) [61,63,83,103].

Halliday T.M. et al. published a study in 2021 focusing on the effects of acute REx
(resistance exercise), in contrast with acute AEx (aerobic exercise), on reductions in both
orexigenic (ghrelin) and anorectic (PYY and GLP-1) gut peptides. In both exercise condi-
tions, the ad libitum energy intake did not rise in comparison with SED (the sedentary
control group), suggesting that both exercise modalities have effects that inhibit hunger
and energy intake [29].

A few years earlier, Tobin S.Y. et al. published a study on 24 individuals with obe-
sity /overweight who fulfilled three requirements: (1) AEx (45 min at 65-70% of the age-
predicted maximal heart rate), (2) REx (one set to failure on 12 exercises), and (3) CON.
Every scenario started 35 min after a standardized breakfast or postprandial. Hormones
(ghrelin, PYY, and GLP-1) and appetite (visual analog scale for hunger, satiety, and prospec-
tive food consumption [PFC]) were evaluated while fasting and every 30 min postprandially
for three hours. At lunch, post-exercise ad libitum energy intake was also assessed. The
results indicated that although women have comparable appetites to males after an acute
exercise session or period of inactivity, they reported lower ratings of hunger after such
events [63].

Gender analysis in response to appetite and exercise was the subject for Hagobian
etal. [95]. They analyzed the sex differences in how energy regulates hormones and appetite
perception in response to exercise. Eighteen overweight and obese people performed four
exercise sessions with energy added to their baseline diet, in order to maintain an energy
balance (BAL), and four without energy supplied to their baseline diet, in order to induce
an energy deficit (DEF). The findings suggest that exercise, independent of calorie status,
changed hormones that regulate energy intake in women in a way that was predicted to
increase energy intake. When the energy balance was maintained, the reaction to exercise
in males was eliminated [95]. The statistics support the hypothesis that women’s strategies
for controlling body fat are more successful [78,87].

In addition to gender, it seems that an obesity-associated gene (FTO), the rs9939609
A-allele, is connected to obesity, increased caloric consumption, and higher concentrations
of acyl-ghrelin (AG); nevertheless, the risk of obesity associated with this allele may be
reduced by exercise. Des-acyl-ghrelin (DAG) is produced when butyrylcholinesterase
(BChE) hydrolyzes AG, which may reduce appetite. Exercise and the FTO rs9939609
genotype may have unknown effects on BChE activity, AG, DAG, and calorie intake.
Exercise corrects the increased AG profile in AA people at risk of obesity, raises BChE
activity, and lowers AG and the AG/DAG ratio. These results imply that BChE activity-
targeting exercises or other approaches could provide AA people with a therapeutic or
preventive approach [69].

The most common type of exercise training used in research is walking. The conclu-
sions on those who are overweight or obese are ambiguous. Unick et al. implied that
walking did not affect hunger or energy intake, indicating that people who are overweight
or obese do not acutely compensate for the energy expenditure of the exercise session
by consuming more calories [99]. This allows an energy deficit to continue after exercise,
which may support weight control.

The impact of walking ambient conditions on energy intake (EI) was also investigated.
After exercising in the cold, EI was considerably higher (1299 & 657 kcal (mean & SD)) than
after exercising in a neutral setting (1172 £ 537 kcal (mean =+ SD)) (p < 0.05). There was
a significant difference in the acylated ghrelin concentrations and AUC values (p < 0.05)
when walking in the cold as opposed to when walking in the neutral setting [91]. These
results indicate that exercise in the cold increases post-exercise emotional intelligence (EI)
in overweight people more than in a neutral setting.
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Swimming is an excellent beneficial exercise for those with obesity and arthritis, since
it involves less heat and little weight bearing. Nevertheless, some old convictions suggest
that daily swimming might not help lose weight and body fat. It is currently thought
that working out in cold water increases hunger. Figo et al. examined these elements in
their study “Swimming and Cycling Exercise Interventions in Adults with Obesity”. The
swimming or cycling exercise training did not affect the fasting plasma concentrations of
ghrelin, insulin, leptin, or peptide YY (p > 0.05). In persons with obesity and osteoarthritis,
swimming exercise did not adversely affect hormones associated with hunger that might
hinder weight loss [54].

In research where subjects engaged in long-term physical activity, ghrelin levels
increased due to reduced body fat and weight reduction [9,34,55,66]. Research has demon-
strated increasing ghrelin secretion with decreasing oxidative stress [9,34,100,101]. Addi-
tionally, it is well recognized that exercise training significantly improves oxidative capacity
and reduces reactive oxygen stress levels [34,53,83]. Although the exact process for weight
reduction to increase circulating ghrelin levels is unknown, three systems are likely to be
involved in the stimulation of positive energy balance: (1) Regardless of GH, a decrease in
fat consumption and increased carbohydrate utilization. (2) The anabolic impact is brought
on by increased GH and IGF-1 synthesis. (3) The use of neuropeptide Y (NPY) to stimulate
long-term food intake.

For 12 weeks of aerobic activity, with three sessions per week, four groups of eleven
people were randomly selected from among forty-four overweight men: (1) an endurance
group (three sets of 10 min at 80-90% of maximum heart rate), (2) a resistance group
(four sets of eight repetitions at 80% of one-repetition maximum), (3) a concurrent group
(combination of endurance and resistance group programs in alternating order), and (4) a
control group. The findings demonstrated that all three types of training regimens reduced
BMI (p = 0.000, p = 0.000, and p = 0.034), decreased serum acylated ghrelin (p = 0.000,
p =0.000, and p = 0.004), and elevated PYY hormone levels (p = 0.000, p = 0.000, and
p = 0.036 for the resistance, concurrent, and endurance groups, respectively). Resistance
exercise, however, had a more noticeable impact on these modifications. Furthermore,
the blood levels of GLP-1 were unaffected by all of the exercise regimens. Moreover,
weight (p = 0.003) and BMI (p = 0.009) changes with ghrelin showed a significant positive
association, but the weight (p = 0.003) and BMI (p = 0.03) changes with PYY showed a
negative correlation. According to the literature, regular exercise—especially resistance
training—may help sedentary overweight individuals lose weight and improve their body
composition by increasing anorexigenic hormones and reducing orexigenic hormones [65].

Among obese teenagers, there was a significant decrease in body weight during the
lifestyle modification, without any considerable change in peptide YY (PYY). This was
correlated with an apparent increase in ghrelin (from month 6; p < 0.05), a decrease in
leptin (from month 3; p < 0.05), and decreases in insulin and HOMA (from month 3;
p <0.0001). No correlation was seen between anthropometric alterations and changes
in ghrelin and PYY following the lifestyle adjustment, nor with baseline ghrelin levels.
Higher anthropometrical alterations were, however, connected with a higher baseline PYY
(p <0.1). Long-term weight loss and elevated ghrelin concentrations were seen in teenagers
with severe obesity who received supervision during their aerobic exercise regimen and
followed a balanced diet, without affecting their PYY concentrations. Furthermore, it is
possible to think of baseline PYY concentrations as indicators of weight reduction [31].

Markofski et al. found that a 12-week aerobic and resistance training program in-
creased fasting ghrelin concentrations by 47% in 70-year-old individuals [104]. Interestingly,
recent results suggest that the effect of exercise training on ghrelin concentration might
depend on the volume of exercise. Four months of a moderate dose of aerobic exercise fa-
vored reduced ghrelin, while ghrelin levels remained unchanged in response to a low-dose
training program in older women [8,51,105].
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Yoga training for a year improved physical functioning and central adiposity in
persons with MetS while modifying total ghrelin, UnAG, AG, obestatin, and GH. Yoga’s
health benefits might be linked to GH and the ghrelin gene product changes [53].

3.2. Effect of Exercise on Leptin

Leptin is one hormone that regulates energy balance and metabolism, influencing
body weight. Leptin reduces appetite and increases energy expenditure through its effects
on the hypothalamus and other parts of the central nervous system [2,57,65]. Moreover, it
is well known that leptin is positively correlated with body mass index (BMI) and other
indicators of obesity [47,62,67].

Thus far, research has demonstrated that physical activity and training have varying im-
pacts on leptin levels [Table 1], exhibiting both stimulatory and inhibitory effects [54,58,64,70,94].

In a previous study, male patients with stable coronary heart disease were randomized
to aerobic training three times a week at 60-80% of their maximal heart rate, or to a control
group. There were no significant changes in leptin levels after training. Still, the values
were increased in the control group [94].

Another research team that studied 80 young males noted the same tendency of leptin
to preserve its levels after training. The subjects had a standard nutrient beverage and,
after 1.5 h, initiated a 90 min treadmill exercise. The leptin levels increased initially, but
after one hour of recovery, they decreased again [92].

Later, Sartor F. et al. compared two groups of obese adults after a CHO-reduced
diet combined with an energy-restricted diet in one group and a diet combined with
high-intensity interval training (HIIT) carried out 10 times (three times per week) in the
other [93]. Oral glucose insulin sensitivity increased significantly in both groups, the
fasting respiratory exchange ratio decreased significantly in both groups, and the leptin
level decreased significantly in both groups.

Some studies conducted on young adults assessed the impact of moderate-intensity
and prolonged exercise on appetite hormones and showed lower plasmatic levels of lep-
tin and increased cortisol [84,90]. Researchers using moderate-high-intensity prolonged
exercises did not detect any important changes in acylated ghrelin and/or leptin levels
(depending on the exercise volume) [78]. They found no significant changes in the training
order influencing the appetite-regulating hormones between subjects following different
types of training [90].

Many research teams have decided to include sex-related subjects in the discussion, as
it is known that sex influences the effects of exercise on different hormones. Guadalupe-
Grau A. et al. followed the results of nine weeks of combined strength and plyometric
training on osteocalcin and leptin in two different groups composed of 43 males and
23 females both pre- and post training [106]. The findings suggest a negative correlation
of osteocalcin with leptin, fat mass, and body fat percentage. After training, the positive
impact of physical activity on performance, muscle hypertrophy, and osteogenesis was
similar between the groups, while for the females, the serum leptin was significantly lower.

Taken independently, both males and females in different studies had lower leptin
plasma levels after training [71,77].

Overweight or obese subjects may have a slower reaction pattern regarding serum
concentrations of leptin, as it is well known that leptin resistance is increased in these
cases [40,42,47]. Bjersing et al. studied 43 females following 15 weeks of twice-weekly
training and concluded that leptin levels were reduced in lean women but not in overweight
and obese ones [75]. Still, different groups of researchers have all studied overweight or
obese people and concluded that leptin concentrations decrease after exercise [62,66,67,72,
73,81,84,90,93,106].

Morishma et al. conducted a four-week study in both hypoxic and normoxic training
conditions and found similar effects, with increased plasma ghrelin and decreased lep-
tin. [80]. Mendham et al. compared leptin changes after small-sided games versus cycling
training in a three-days-per-week eight-week study and found that only small-sided game
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training effectively reduced leptin [86]. Salvadori et al. showed a higher reduction in leptin
concentration in the aerobic training group after four weeks of aerobic versus aerobic with
a bout of anaerobic training [79]. Racil et al. compared the effects of 12-week high-intensity
interval training (HIIT) with the effect of a 12-week plyometric exercise combined with HIIT.
They found that both groups had reduced leptin levels [76]. Still, the combined program
had a greater impact on leptin levels, suggesting that it was more efficient. Caldeira et al.
carried out a five-week study, three times per week, to compare the effects of HIIT and
steady-state training (SST) on leptin and soluble leptin receptor (sOB-R) levels [70]. Leptin
was lower at the end of both training groups, but sOB-R was increased only after HIIT,
showing a greater impact on the central response.

Ahmadizad et al. followed a study using eight-week resistance training (RT) composed
of either non-periodized or periodized training [89]. They concluded that there were
no differences between groups regarding the effect of reducing leptin levels. However,
short-term periodized RT improves overweight men’s insulin resistance and muscular
strength. Middelbeek et al. designed a study using short-term exercise programs with
either moderate-intensity training (MIT) or sprint-intensity training (SIT) [64]. They found
similar results in reducing leptin after and improving cardiovascular fitness.

4. Discussion

As previously mentioned, ghrelin secretions may be influenced by exercise intensity
through catecholamine-related mechanisms [7]. However, no research has explored how
ghrelin reacts to intense exercise or training, which is known to increase catecholamine
secretions in both healthy and obese people. In fact, moderate-intensity training increased
acylated ghrelin levels in trained women, according to Larson-Meyer et al. [101]; however,
other research has reported that the same training decreased or even did not affect acylated
ghrelin levels [33,54,58,63,78,85]. Perhaps the primary reason for these differences is the
various training regimens used in these investigations (e.g., training length, type of activity,
and intensity).

The degree to which body weight varies is another mechanism that could explain
reactions to exercise. It has been noted that, in obese people, exercise-induced weight loss
is linked to gradual elevations in ghrelin plasma levels. Nevertheless, these modifications
occur when the body weight drops by over 3 kg [51,80]. According to these results, ghrelin
may increase after exercise training as a compensatory mechanism for weight loss, but
not hyperphagia [53,90]. Furthermore, it has been observed that increases of this kind
brought on by diet or exercise training are linked to a decline in central obesity and,
in the case of overweight or obese participants, a return to baseline following weight
stabilization [25,44,53].

In support of this, a study found that even in participants of normal weight, exercise
training or diet-induced weight loss is linked to an increase in ghrelin, which is inversely
correlated with actual weight loss [107]. Therefore, we might suggest that modifications
to this hormone that regulates body weight act as a compensatory strategy to keep body
weight stable. It diminishes fat in individuals, stifles hunger, and ultimately leads to
weight loss. On the other hand, in normal-weight subjects, it promotes appetite and weight
gain [96]. More research is required to address this issue and offer proof to either confirm
or deny this inference.

Another study demonstrated that diet restriction increased acylated ghrelin and
lowered PYY3-36 as a compensatory strategy, but exercise with the same energy losses
had no effect on these hormones [108]. Thus, these results support the theory that some
metabolites, such as glucose, or other hormones, such as insulin and leptin, may influence
ghrelin [108].

Exercise training has been shown to reduce leptin levels in obese people, which makes
sense given leptin’s function in obesity [42,49]. Increases in leptin sensitivity or its turnover
(i.e., hormonal elimination) that reduce fat mass may be the processes underlying this
reduction [37]. Furthermore, following exercise training, increases in leptin levels are
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more strongly connected with changes in body fat percentage than with changes in body
mass index [39,71]. Additionally, research suggests that exercise intensity is significant in
regulating how leptin responds to exercise training [70,71,84].

While the exact mechanism behind leptin’s ability to suppress appetite is unknown,
research has demonstrated that leptin’s induction of AMPK in the hypothalamus results in
acetyl-COA carboxylase (ACC) inactivation [35,37].

According to news reports, body weight increases upon inactivating malonyl-COA
carboxylase, which validates this finding [109,110]. ACC’s malonyl-COA substrate sup-
presses carnitine palmitoyltransferase (CPT) to prevent fat oxidation [110]. These results
demonstrate malonyl-COA’s important function in controlling hunger. Furthermore, leptin
selectively increases malonyl-COA concentrations by activating ACC, which may obstruct
CPT1-a in the hypothalamus [37,109]. Nevertheless, there is a theory that CPT1-c might
modulate the hypothalamic leptin anorectic signaling pathway [110,111].

Excessive activity has been linked to hunger suppression during the recovery phase.
Additionally, research shows that while moderate continuous activity and sprint inter-
val training can increase GLP-1 and reduce feelings of hunger, they do not affect PYY.
Additionally, the suppression of hunger sensations lasts longer following sprint interval
exercises, which may be connected to the elevated plasma glucose levels seen following
intense exercise [30,61]. It has been demonstrated that elevated plasma glucose levels are
linked to malonyl-COA in the hypothalamus, lending credence to this theory. Increased
brain glucose inflow may cause this action, since it raises malonyl-COA, decreases the
AMP/ATP ratio, inactivates AMPK, and ultimately raises ACC activity [37,111].

Despite many recent studies, there is still a debate over the exact mechanism by which
exercise training reduces leptin and suppresses appetite.

Exercise training has enhanced skeletal muscle’s lipid (fat) oxidation capability by
reducing malonyl-COA levels and ACC activity [62,76,110]. Given that malonyl-COA plays
a major part in the brain’s signals that regulate appetite, exercise training may have the
opposite impact in the hypothalamus. We can only hypothesize, however, because there is
no research on this in humans. It is possible that exercise training increases malonyl-COA
and prematurely suppresses food intake by boosting fat oxidation in peripheral tissues and
maintaining plasma glucose levels. Future studies should clarify these assumptions.

Still, to date, there is no firm evidence supporting the use of leptin as a pharmaco-
logical therapy [112-122]. We know that physical exercise reduces leptin, but the effect is
stronger in lean subjects than in overweight or obese ones [71,84,114,115,123-125]. Further
research should concentrate on finding novel pathways of whole-body leptin regulation
to develop new medications that counteract leptin resistance. In this sense, knowledge of
the pathophysiology of obesity-related illnesses and the role that leptin plays in regulating
energy balance should lead to the development of novel therapeutic options for obesity.

Figure 2 summarizes the impact of physical exercise on the main areas and mechanisms
involved in appetite regulation among overweight or obese subjects.

4.1. Strengths

All of the selected studies have specific methodologies regarding ghrelin and leptin
measurements and include quantitative data that are consistent, precise, and reliable. The
training is well designed and described, and different types of training are sometimes
compared in order to obtain the finest results.

4.2. Limitations

Some of the selected studies had small sample sizes, so the data are not robust enough
to explain the complex topic of hunger and satiety, and not all of the studies obtained
significant results.
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Figure 2. Endurance training’s effects on overweight or obese individuals.

In addition to ghrelin and leptin as major hormones regulating appetite, there are
other factors that balance food intake and metabolism, such as GLP1, PYY, and adiponectin,
but their measurement was not included as elements in this review. Insulin, glucagon,
and different medications with different metabolic impacts were not specific items to be
highlighted, although they also influence appetite.

Further research should concentrate on determining the complex relationships be-
tween all of the factors influencing appetite in connection to physical exercise. This would
be interesting to see, especially if antidiabetic or antimetabolic disease drugs impact the
intensity level of exercise training.

5. Conclusions

In summary, the majority of these hormones associated with appetite are affected by
the levels of activity in both healthy and overweight people. Findings on obese people
are still scarce and occasionally inconsistent; nevertheless, many of these hormones have
undergone in-depth research. For instance, leptin’s functions and the impacts of stimulating
substances have been thoroughly studied, whereas other aspects have only been partially
and unevenly studied.

Therefore, more investigation is needed to clarify how these hormones affect appetite
and decrease hunger in obese or severely obese people, in order to validate the efficacy of
exercise training. Furthermore, additional research is required to examine the benefits of
novel exercise training regimens, including concurrent exercise training, functional training,
cognitive therapy, high-intensity interval training (HIIT), aquatic training, and functional
training, or various combinations of these training techniques. Do these methods have an
impact on these hormones, and are they successful in altering them? There is currently no
conclusive response to this topic.

Finally, given that men and women differ in the hormones linked to obesity, examining
the impact of gender on acute reactions and adaptations to exercise training would be
extremely beneficial and offer insightful data for prescribing exercise to various groups.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390/ijms25158067 /s1.
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