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Abstract: Ghrelin, a gastric-derived peptide, regulates appetite, food intake, and energy
homeostasis. Body weight plays a crucial role in modulating circulating ghrelin levels.
Since exercise training is one of the most valuable tools for controlling body weight, it is rel-
evant to consider whether exercise can influence total ghrelin secretion. This study aims to
perform a systematic review of the effect of acute/chronic exercise on plasma ghrelin levels.
An extensive literature search was carried out on various databases, including PubMed,
ScienceDirect, and Google Scholar. The search was conducted using English keywords such
as acute-exercise, transient-exercise, exercise, chronic-exercise, training, physical-activity,
physical-training, exercise training, and total-ghrelin, ghrelin, appetite-related-peptides,
gastrointestinal-peptides, gastrointestinal-hormones, and appetite-regulating-hormone.
Initially, 2104 studies were identified. After evaluating study quality, data from 61 relevant
studies were extracted for inclusion in this review. Most studies indicated that short-term
acute aerobic exercise did not affect total ghrelin levels regardless of exercise intensity,
characteristics, or growth hormone (GH) secretion. However, long and very-long aero-
bic/chronic exercise increased total ghrelin levels, mainly in overweight/obese individuals.
Acute/chronic exercise may differentially influence total ghrelin secretion. Short-term acute
aerobic exercise induces stable plasma ghrelin concentrations, independent of GH secretion.
Long-term aerobic training increased its levels mainly in overweight/obese individuals
through body composition and oxidative stress reduction. Additionally, total ghrelin
secretion is more sensitive to exercise/training duration than exercise/training intensity.

Keywords: ghrelin; acute exercise; chronic exercise; growth hormone; muscle metabolism;
inflammation

1. Introduction
The balance between food intake and energy expenditure is essential to maintaining

body homeostasis and health [1]. Appetite control, which involves the sensations of hunger
and satiety, is one of the complex physiological processes modulated by peptides released
from organs such as the stomach, pancreas, and intestines. These peptides play a critical
role in regulating energy balance and nutrient intake [2]. Several gastrointestinal peptides,
such as cholecystokinin (CCK), peptide YY (PYY), and glucagon-like peptide 1 (GLP-1),
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contribute to satiety signaling; however, ghrelin remains the only known circulating factor
that stimulates the sensation of hunger and initiates food intake [3].

Following its discovery in 1999 [4], ghrelin was shown to regulate energy homeostasis
by establishing an endocrine link between the stomach, hypothalamus, and pituitary via
its orexigenic effect, i.e., the ability to stimulate hunger and promote caloric intake, thus
linking peripheral signals to central appetite regulation [5].

Apart from its role in appetite regulation, ghrelin affects various physiological pro-
cesses, including metabolism, energy storage, and muscle function [6]. Ghrelin levels
are primarily modulated by the autonomic system, dietary composition, some hormones
and metabolic factors, as well as by body weight [7]. Moreover, ghrelin is involved in
the release of growth hormone (GH), a peptide that also regulates energy balance and fat
metabolism [8]. Both ghrelin and GH are involved in metabolic adaptations to exercise,
with GH being known for its role in stimulating muscle growth and fat oxidation [9]. While
ghrelin is primarily involved in hunger regulation, GH plays a complementary role in
muscle recovery and adaptation to exercise training.

Despite a growing interest in the hormonal responses to physical activity, the cur-
rent literature on the effects of exercise on ghrelin levels remains inconsistent. While
several studies have evaluated both acute and chronic exercise protocols, findings are often
contradictory and vary based on factors such as exercise duration, intensity, participant
characteristics, and the ghrelin isoform analyzed [10–13]. Moreover, limited attention has
been paid to the interaction between ghrelin and growth hormone in the context of different
exercise regimens, despite both hormones playing key roles in energy metabolism, appetite
regulation, and body composition [5,8,9,14]. These inconsistencies highlight the need for
a comprehensive synthesis of the available evidence to clarify how different types and
durations of exercise influence ghrelin regulation. This review seeks to address this gap by
systematically examining the effects of exercise, distinguishing between acute and chronic
interventions, on circulating ghrelin levels, with particular attention to the role of training
duration and its physiological implications.

Physical exercise is widely acknowledged as one of the most significant behavioral
factors influencing body weight and, consequently, ghrelin secretion [15–19]. Several
studies have examined the variation in ghrelin levels in response to exercise training [9–12]
and have produced conflicting results. Indeed, acute exercise has been shown to either
increase [20,21], decrease [11,22], or have no effect on ghrelin levels [23,24]. Similarly,
chronic exercise can result in unchanged [25,26], reduced [10,27], or increased [12,28,29]
ghrelin levels.

A recent systematic review focusing on ghrelin isoforms provides evidence that acute
exercise suppresses acylated ghrelin, whereas chronic exercise leads to an increase in total
and deacylated ghrelin [13]. Despite these findings, the exact impact of acute versus chronic
exercise on total ghrelin remains uncertain. To clarify these effects, we distinguish between
exercise modes and durations. Acute exercise refers to a single session, while chronic
exercise refers to structured training interventions conducted over several weeks or months.
Additionally, we categorize the duration of a single exercise session as short-term (<60 min),
long-term (60–89 min), or very long (≥90 min), and classify chronic exercise intervention
programs as short-term (<12 weeks) or long-term (≥12 weeks). Given the importance
of exercise in modulating ghrelin, this systematic review aims to provide an updated
understanding of how both acute and chronic exercise affect circulating ghrelin levels.

We will first discuss the physiological effects of ghrelin, followed by the impact of
short- and long-term acute exercise, and finally, the effects of short- and long-term chronic
exercise on ghrelin levels.
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Understanding these mechanisms could have implications for developing targeted
interventions to manage energy balance, appetite, and metabolic health in both clinical and
athletic populations.

1.1. Ghrelin

Ghrelin is a 28-amino acid peptide-derived orexigenic hormone [4]. Approximately
60–70% of circulating ghrelin is expressed in the stomach, with most of the remainder
originating in the small intestine. Small amounts can also be found in many other human
tissues outside the gut, including the pancreas, hypothalamus, pituitary gland, cardiomy-
ocytes, placenta, adrenal gland, lung, kidney, bone, and testes [30,31]. The hormone’s
name is based on “ghre”, a root word in Proto-Indo-European languages, which refers
to “grow”, regarding its role in the release of growth hormone [4]. Ghrelin is initially
formed from preproghrelin, a 117-amino acid peptide, which is then proteolyzed and post-
translationally modified, leading to the nascent ghrelin isoforms, acyl-ghrelin (AG) and
des-acylghrelin (DAG) [32]. In circulation, approximately 10% of ghrelin is acylated, which
refers to its active form, responsible for ghrelin’s major functions. DAG, the inactive form,
is the most abundant ghrelin-related molecule in the body, accounting for 80–90% of total
circulating ghrelin, exerting primarily non-endocrine functions, including cardioprotective
effects [33,34]. The sum of these two forms represents the total ghrelin [33]. Only the
acylated form of ghrelin is biologically active at physiological concentrations and capable of
binding to and activating the growth hormone secretagogue receptor (GHSR), transferring
the information from the stomach to the hypothalamus and influencing GH release in
response to changes in energy homeostasis [31]. DAG does not bind GHSR but may have
independent biological effects through other mechanisms. Preclinical and clinical data
provide evidence for ghrelin as a relevant regulator of nutrient sensing, meal initiation, and
appetite [35]. Apart from its orexigenic effect, research over the last decade has identified
important effects of ghrelin, such as stimulation of GH secretion, regulation of glucose
and lipid metabolism, protection against muscle atrophy, participation in bone formation,
modulation of the cardiovascular system, and reduction of inflammation (Figure 1).

Int. J. Mol. Sci. 2025, 26, x FOR PEER REVIEW 4 of 37 
 

 

 

Figure 1. The stomach is the primary source of circulating ghrelin. Ghrelin exerts endocrine effects 
on multiple target organs, including the hypothalamus, pituitary gland, pancreas, gastrointestinal 
tract, adipose tissue, and cardiovascular system. Upward arrows (↑) indicate stimulation, while 
downward arrows (↓) indicate inhibition. Abbreviations: GH, growth hormone; GHRH, growth 
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crine actions [8]. At the hypothalamic level, GH secretion is controlled dually by two pep-
tides with opposing roles, GH-releasing hormone (GHRH) and somatotropin release-in-
hibiting factor (SRIF) [36,37]. The GH-releasing action of ghrelin takes place both directly 
on pituitary cells and through modulation of GHRH from the hypothalamus; some func-
tional anti-somatostatin action has also been shown [8,14,38,39] (Figure 2). 
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Figure 1. The stomach is the primary source of circulating ghrelin. Ghrelin exerts endocrine effects
on multiple target organs, including the hypothalamus, pituitary gland, pancreas, gastrointestinal
tract, adipose tissue, and cardiovascular system. Upward arrows (↑) indicate stimulation, while
downward arrows (↓) indicate inhibition. Abbreviations: GH, growth hormone; GHRH, growth
hormone-releasing hormone; SRIF, somatotropin release-inhibiting factor.
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1.2. Ghrelin and Growth Hormone

GH is produced and secreted by the somatotrope cells of the anterior pituitary, al-
though it is accepted that other extra pituitary sites produce GH with autocrine or paracrine
actions [8]. At the hypothalamic level, GH secretion is controlled dually by two peptides
with opposing roles, GH-releasing hormone (GHRH) and somatotropin release-inhibiting
factor (SRIF) [36,37]. The GH-releasing action of ghrelin takes place both directly on pi-
tuitary cells and through modulation of GHRH from the hypothalamus; some functional
anti-somatostatin action has also been shown [8,14,38,39] (Figure 2).
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Figure 2. Schematic representation of the regulation of growth hormone (GH) secretion. Ghrelin
and GHRH stimulate GH release directly at the pituitary level and via the hypothalamus, while
somatostatin (SRIF) inhibits this process. Solid arrows indicate stimulatory actions, and dashed
arrows indicate inhibitory actions. Abbreviations: GH, growth hormone; GHRH, growth hormone-
releasing hormone; SRIF, somatotropin release-inhibiting factor.

1.3. Ghrelin and Food Intake

Ghrelin is well established to stimulate food consumption in both lean and obese
humans [40]. The circulating levels of ghrelin are elevated during fasting and before
meals [41,42] and decline post-prandially [42,43], which implies that ghrelin plays a signifi-
cant role in initiating food intake [44]. The increased level of ghrelin during fasting [45] is
a unique phenomenon in human physiology, which contrasts with the secretion levels of
most gut hormones that increase during nutrient intake and decrease during fasting [44].

1.4. Ghrelin and Glucose Metabolism

Numerous studies have shown that ghrelin significantly affects glucose metabolism,
primarily by inhibiting insulin secretion, an effect observed across multiple species [46,47].
In the pancreas, ghrelin is produced by both ε-cells and α-cells [46,48–51]. Although the
presence of ε-cells in adult islets remains debated [49], their expansion in animal models
is associated with hyperphagia, adiposity, and reduced insulin response to glucose [52].
Ghrelin and its receptor regulate glucose metabolism by inhibiting β-cell insulin release and
stimulating α-cell glucagon secretion [53]. Ghrelin O-AcylTransferase inhibition improves
glycemic control and enhances insulin secretion [54]. This insulinostatic action involves
growth hormone secretagogue receptor type 1a (GHSR1a)/G protein alpha inhibitory
subunit (Gαi) signaling and interaction with the somatostatin receptor subtype 5 (SST5)
in pancreatic β-cells [55]. Interestingly, ghrelin may also protect β-cells under type 1
diabetes-like conditions, despite its reduced levels in such states [56,57].
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1.5. Ghrelin and Lipid Metabolism

Ghrelin influences lipid metabolism through both central and peripheral mechanisms.
Centrally, ghrelin acts on the hypothalamus to modulate the melanocortin system, leading
to the stimulation of lipogenic pathways and a concurrent reduction in fat oxidation [58,59].
Peripherally, ghrelin increases triglyceride accumulation, particularly in the liver and white
adipose tissue, suggesting a direct lipogenic role [60–62]. Moreover, ghrelin suppresses
lipolysis by downregulating hormone-sensitive lipase activity in adipocytes, thereby reduc-
ing fatty acid mobilization and oxidation [63,64]. In addition, ghrelin has been reported
to enhance adipogenesis and elevate triglyceride content, contributing to increased fat
storage in white adipose tissue [61,65]. Specifically, ghrelin promotes fat storage in selective
abdominal depots such as retroperitoneal and inguinal fat by reducing lipid export, rather
than directly inhibiting lipolysis [66]. Animal studies have shown that ghrelin activates its
receptor on hepatocytes to promote lipogenesis [67,68].

These effects may reflect a biological mechanism aimed at conserving energy during
periods of caloric restriction or negative energy balance, which is relevant in understanding
ghrelin’s physiological role during fasting and exercise, when the hormone is elevated
and may serve to protect energy stores [13,69]. However, these same mechanisms could
contribute to metabolic dysregulation under chronic ghrelin elevation, such as in obesity
or Prader–Willi syndrome, leading to increased fat storage and impaired lipid utiliza-
tion [31,70].

1.6. Ghrelin and Muscle Metabolism

Muscle atrophy associated with aging or various diseases is an important contributor
to the reduction of skeletal muscle mass and strength, leading to muscle dysfunction and
weakness [6]. The anti-atrophic effects of ghrelin in muscle have been proven [6]. A pre-
vious study reported the protective effect of ghrelin in fasting- and denervation-induced
muscle atrophy in mice [71]. Interestingly, the anabolic effects of ghrelin are also con-
firmed in animal studies with various diseases [72,73] by inhibiting skeletal muscle protein
degradation. It has been shown that ghrelin can indirectly increase muscle mass by stimu-
lating food intake, activating the GH/Insulin-like growth factor-1 (IGF-1) axis in cachexia
mice [74], and promoting myocyte differentiation and fusion in C2C12 myoblasts [75].

1.7. Ghrelin and Bone Metabolism

Over the last decade, ample studies have demonstrated the effect of ghrelin on os-
teoblast function. The majority of the in vitro and in vivo studies reported that ghrelin
directly promotes osteoblast proliferation and differentiation in vitro, increases bone min-
eral density, and reduces apoptosis across different species [76–78]. It is also proven that
in vivo, ghrelin increases the transcription of genes encoding the osteoblast differentia-
tion markers (collagen type I and osteocalcin), alkaline phosphatase activity, and calcified
accumulation [76]. The role of ghrelin in osteoclast biology is also confirmed, as Costa
et al. [79] showed that ghrelin enhanced osteoclast activity, differentiation, and resorption
in rats. Ghrelin is classified as a GH secretagogue, meaning it stimulates the release of
GH by binding to specific receptors in the pituitary gland. Through this mechanism, it
has been shown to accelerate skeletal growth [80], increase bone mineral content [81], and
enhance bone mineral density in animal studies [76], suggesting a role in bone formation
via activation of the GH–IGF-1 axis [82]. Despite the promising effects of exogenous ghrelin
on bone metabolism demonstrated in several in vitro and animal studies [76,79,83–86],
evidence from human studies remains limited and inconclusive [87–89].
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1.8. Ghrelin and the Cardiovascular System

Ghrelin participates in regulating various aspects of the cardiovascular system in
both physiological and pathophysiological states [4]. It is involved in cardiac performance
improvement and blood vessel protection [90]. In healthy subjects, intravenous or sub-
cutaneous ghrelin administration increases cardiac output, improves cardiac contractility,
and decreases mean arterial pressure without altering heart rate [91]. At the same time, in
patients with chronic heart failure, acute ghrelin administration increases cardiac output,
cardiac index, and stroke volume index [92], which can be explained by the decrease in
left ventricular afterload under the vasodilatory effect of ghrelin and its central effect on
the nucleus of the solitary tract [93]. Ghrelin also regulates the heart’s electrical activ-
ity by the suppression of sympathetic nerve activity and activation of parasympathetic
nerve activity [94]. It has been shown to preserve cardiac function by reducing cardiomy-
ocyte apoptosis, fibrosis, and cardiac injury [95]. Ghrelin has been shown to decrease
blood pressure in healthy humans through its potential vasodilatory effect [91], by ni-
tric oxide-independent mechanisms, via inhibition of the sympathetic nervous system,
resulting in low blood levels of norepinephrine and contributing to the vasodilatory effect
of ghrelin [96]. Different studies conducted among human subjects have confirmed that
ghrelin participates in atherosclerotic plaque stability by reducing vascular endothelial cell
apoptosis and vascular inflammation, leading to endothelial function improvement [97,98].

1.9. Ghrelin and Inflammation

The beneficial role of ghrelin in upregulating the expression of anti-inflammatory
cytokines has been reported in several studies [99,100]. Pre-clinical studies have shown that
ghrelin administration enhances interleukin-10 release by stimulating the phosphorylation
of the mitogen-activated protein kinase (MAPK) via the growth hormone secretagogue
receptor. This mechanism, observed in cell and animal models, contributes to attenuating
inflammation by modulating pro-inflammatory cytokines [99,100]. Although a few clini-
cal studies have reported similar anti-inflammatory trends in humans [101,102], further
research is needed to confirm these effects in larger and more diverse populations.

Moreover, ghrelin has been shown to suppress inflammation, regulate apoptosis, and
reduce damage to different target organs, including the nervous, respiratory, cardiovascular,
and gastrointestinal systems, mainly by attenuating the release of pro-inflammatory cy-
tokines [103]. Several in vitro and in vivo results confirm that exogenous ghrelin prevents
pro-inflammatory responses in the central nervous system by inhibiting the release of
pro-inflammatory cytokines, including interleukin-6, tumor necrosis factor-TNF-α, and
interleukin-1β in kainic acid-induced neuronal injury [104]. Some findings indicate the
adverse effects of ghrelin on intestinal inflammation. Ghrelin administration to mice with
intestinal injury reduced neutrophil infiltration, pro-inflammatory markers, reduced in-
flammation, and improved organ damage through activation of the protein kinase mTOR
signaling pathway [105]. In addition, when ghrelin was administered to the rat model of
isoproterenol-induced myocardial infarction, cardiac enzyme levels decreased, electrocar-
diograms changed, oxidative stress injury was attenuated, and serum and cardiac tissue
inflammatory marker levels decreased, including nuclear factor kappa-B, inducible nitric
oxide synthase, and interleukin-6 [106].

2. Methods
The current review was conducted and reported by the Preferred Reporting Items for

Systematic Reviews and Meta-Analysis (PRISMA) guidelines and recommendations [107].
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2.1. Literature Search Strategy and Study Selection

A systematic search strategy consisting of keywords related to exercise interventions
and ghrelin hormone was performed to find relevant articles using PubMed, ScienceDirect,
and Google Scholar databases. The search was conducted from database inception up
to December 2024. Using the operators “AND”, “OR”, the following essential phrases
were added and combined: (“acute exercise” OR “transient exercise” OR “exercise” OR
“chronic exercise” OR “training” OR “physical activity” OR “physical training” OR “regular
exercise” OR “exercise training”) and (“total ghrelin” OR “ghrelin” OR “appetite-related
peptides” OR “gastrointestinal peptides” OR “gastrointestinal hormones” OR “Appetite-
Regulating Hormone”). The search strategy was supplemented with hand searches of the
reference lists of included full-text articles, as well as through searching related articles and
citations in the PubMed database to identify further relevant research papers.

2.2. Eligibility Criteria

To be eligible for inclusion in the present study, the screened articles had to meet
the following requirements: (a) Publication: written in English and published in a peer-
reviewed journal; (b) Participants: individuals regardless of their gender, age, weight,
health status and fitness level; (c) Intervention: studies involving either acute exercise
(defined as a single exercise bout) or chronic exercise (defined as a multi-week structured
training program), regardless of modality or intensity. Exercise duration was further
categorized based on two criteria. (d) Comparison: at the minimum, two assessments
of ghrelin, pre-and post-exercise or training intervention; (e) Outcome: measurement
of ghrelin or total ghrelin levels. Exclusion criteria were as follows: (a) measures of
acylated/deacylated, and/or active ghrelin concentrations without ghrelin or total ghrelin
measurement; (b) nonrandomized controlled trials (e.g., reviews, conference articles, case
reports, cohort study, commentary, guideline); (c) missing or insufficient training or ghrelin
data; and (d) animal model publications.

For the purposes of this review, “acute exercise” refers to the effects of a single exercise
session, typically lasting from a few minutes to several hours. In contrast, “chronic exercise”
refers to repeated exercise sessions performed over an extended period, ranging from
several days to several weeks or months.

With regard to the classification of duration, “short-term duration” refers to single
exercise sessions measured in minutes or hours. “Short-term intervention” refers to exercise
programs lasting up to 4 weeks, while “long-term” interventions range from 4 to 12 weeks,
and “very long-term” interventions exceed 12 weeks.

Exercise duration was further categorized based on two criteria. First, the duration
of a single exercise session was classified as short-term when it lasted less than 60 min,
long-term when it lasted between 60 and 89 min, and very long-term when it lasted 90 min
or more. Second, the total duration of the training intervention was considered short-term
for programs lasting less than 12 weeks and long-term for those lasting 12 weeks or more.

2.3. Data Extraction

After removing all duplicates, the first author screened all titles and abstracts to iden-
tify potentially eligible studies based on the inclusion and exclusion criteria. The following
data points were extracted from each included study: first author’s last name, year of
publication, sample size (n), participant characteristics (age and sex, body mass index
(BMI) or body mass and health status), intervention features (modality, type, frequency,
intensity, session, and intervention duration), and ghrelin outcome measures (pre/post-
intervention mean and direction of change). Data about changes in body mass/fat or BMI
and circulating GH were also obtained when available.
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2.4. Quality Assessment

The methodological quality and risk of bias of the included randomized controlled
trials were assessed using the Cochrane Risk of Bias Tool version 2 (RoB 2), developed by
the Cochrane Collaboration. This tool evaluates five domains of potential bias, including
(1) bias arising from the randomization process, (2) bias due to deviations from intended
interventions, (3) bias due to missing outcome data, (4) bias in measurement of the outcome,
and (5) bias in selection of the reported result.

Two authors independently assessed each study across these domains and judged the
overall risk of bias as “low”, “some concerns”, or “high risk”. Any discrepancies between
reviewers were resolved through discussion or, when necessary, by consulting a third
reviewer. The results of the quality assessment are summarized in Supplementary Table S1.

3. Results
3.1. Study Selection Process

The initial electronic database searches led to a total of 2104 records. Ten further studies
were found from hand searching of reference lists of included studies. After removing
duplications, a wide range of titles, abstracts, and full texts were screened, and a careful
assessment was carried out on 61 relevant related studies [10–12,19–29,108–154] (Figure 3).
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A summary of the included studies’ characteristics and outcomes by exercise mode
and duration is displayed in Tables 1 and 2.
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Table 1. Effects of short-term (<60 min) exercise on total ghrelin.

Reference Study Population Intervention Results
(Ghrelin and Growth Hormone (GH))

Short-term (<60 min) exercise with stable plasma ghrelin levels

Dall et al.
[108]

Eight healthy males (age,
40.8 ± 2.9 years; BMI,
23.6 ± 0.5 kg/m2).
Eight hypopituitary males with
GH deficiency (age,
40.8 ± 4.7 years; BMI,
29.2 ± 0.8 kg/m2).

Submaximal aerobic exercise
For 45 min
At 65–70% of HRmax.

Ghrelin levels did not change significantly (p > 0.05).
GH concentrations increased after 45 min of exercise (11.43 ± 3.61 µg/L).
Infusion of GH in the patients resulted in a peak level after 45 min.
GH did not increase after exercise without GH infusion (9.77 ± 2.40 with GH vs.
0.11 ± 0.07 µg/L without GH).

Kraemer
et al. [109]

Six well-trained males (age,
27.7 ± 3.20 years;
BM, 72.0 ± 4.6 kg).

Progressively intense exercise
on a treadmill, including four
exercise intensities: 60%, 75%,
90%, and 100% of VO2max.
Blood samples were collected
before and after 15 and
30 min.

Ghrelin levels did not change significantly.
Intense running (75% to 100% of VO2max) increased IGF-1 and GH levels.

Schmidt et al.
[110]

Eight healthy young males (age,
29.9 ± 1.9 years;
BMI, 22.2 ± 0.5 kg/m2).

Treadmill exercise at 50%,
70%, and 90% of VO2max for
10–20 min on different days.

Ghrelin plasma concentrations remained unchanged (−9% at 50% VO2max,
−10.65% at 70% VO2max, −2.64% at 70% VO2max, p > 0.05).
GH increased significantly after 40 min at 50% VO2max and after 20 min at 70 and
90% VO2max. GH peak concentrations were 5.8 ± 2.3 ng/mL, 12.0 ± 3.2 ng/mL,
and 9.8 ± 4.7 ng/mL, respectively.

Zoladz al.
[111]

Eight healthy non-smoking men
(age, 23.0 ± 0.5 years; BM,
71.9 ± 1.5 kg; BMI,
22.42 ± 0.49 kg/m2).

Two incremental cycling tests:
one in the fed state until
exhaustion, and one after
overnight fasting until
reaching 150 W, with 30 W
increases every 3 min.

Pre-exercise leptin and ghrelin levels did not differ between fed and fasted states.
Plasma GH was significantly higher at 90 W in the fed state (p = 0.016). At 150 W,
GH reached 14.85 ± 4.67 ng/mL (fed) and 12.83 ± 3.62 ng/mL (fasted).

Erdmann
et al. [112]

Seven healthy males and females
(age, 24.4 ± 0.6 years; BMI,
21.4 ± 0.8 kg/m2).

Bicycle exercise for 30 min at
100 W, below the
aerobic/anaerobic threshold.
In a second group, 7 subjects
cycled at 50 W for 30, 60, and
120 min, respectively.

Ghrelin levels increased during exercise at 50 W, rising by 50–70 pg/mL above
baseline after 30, 60, and 120 min. However, during higher intensity cycling at
100 W, ghrelin levels remained unchanged, and hunger/satiety ratings, food
intake, and postprandial ghrelin suppression were like the control group,
showing no significant differences.Diet (40–50% carbohydrate,

15–25% protein, and
30–40% fat).

Jürimäe et al.
[113]

Nine elite male rowers (age,
20.1 ± 3.7 years;
BMI, 20.1 ± 3.7 kg/m2;
BM, 89.6 ± 4.6 kg; %body fat,
9.9 ± 2.5%).

Single-scull rowing was
performed for 15 min below
and above the individual
anaerobic threshold.

Above anaerobic threshold

Plasma ghrelin concentration did not increase significantly (from 802 ± 181 to
808 ± 196 pg/mL, +0.74%, p > 0.05).
GH significantly increased (from 2.6 ± 4.4 to 72.6 ± 19.2 ng/mL, +2692.3%,
p < 0.05).

Below anaerobic threshold

Plasma ghrelin concentration did not increase significantly (from 791 ± 214 to
794 ± 170 pg/mL, +0.37%, p > 0.05).
GH significantly increased (from 4.1 ± 4.8 to 41.9 ± 28.4 ng/mL, +922%,
p < 0.05).

Marzullo
et al. [114]

Eight obese males (BMI,
33.7 ± 1.5 kg/m2).

Cycling exercise, at 20 W,
increased by 20 W every
4 min until exhaustion.

Plasma ghrelin concentration did not increase significantly (from 3053 ± 315 to
2929 ± 345 pg/mL, −4.06%, p > 0.05).
GH increased significantly (from 1.3 ± 0.96 to 5.5 ± 1.6 µg/L, +323.1%, p < 0.01)

Thomas et al.
[115]

Five class 1 obese men (age,
21.6 ± 2.5 years; BMI range,
30.00–34.99 kg/m2; BM,
97.8 ± 8.58 kg; %body fat,
34.7 ± 2.95%).
Five class 2 obese men (age,
20.0 ± 1.4 years; BMI range,
35–39.99 kg/m2 BM,
120.8 ± 10.49 kg; %body fat,
40.5 ± 5.82%).
Nine lean men (age,
20.1 ± 2.1 years; BMI range,
35–39.99 kg/m2; %body fat,
14.7 ± 3.54%).

Resistance exercise protocol:
6 exercises, 3 sets of
10 repetitions at 85–95%,
10 repetition maximum with
120- and 90-s rest periods.

The obese 2/3 class group had significantly greater ghrelin levels than the lean
group (p = 0.009) and the obese class 1 group (p = 0.002). Higher GH was
associated with lower ghrelin in lean individuals.

Crabtree and
Blannin,
[116]

Sixteen overweight participants:
ten men and six women (age,
50.1 ± 11.6 years;
BMI, 28.9 ± 4.2 kg/m2).

Treadmill walking (cold trial
and neutral trial) for 45 min at
60% of VO2max in a
randomized,
counterbalanced design.

Total ghrelin concentration was significantly greater during walking in the cold
versus those during walking in the neutral condition (p < 0.05).

Ouerghi et al.
[19]

Seven inactive overweight men
(age, 36.4 ± 4.35 years;
BMI, 28.3 ± 1.66 kg/m2).

Two sessions of cycling
exercise at 7-day intervals,
each session lasting 20 min at
60% or 80% of peak
aerobic power.

Ghrelin was unchanged in both groups.
GH increased significantly at the end of exercise (from 0.12 ± 0.09 to
1.08 ± 0.73 ng/mL, +800%, p = 0.004) and 30 min later (from 0.12 ± 0.09 to
0.60 ± 0.36 ng/mL, +400%, p = 0.035) the session at 80% of peak aerobic power.
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Table 1. Cont.

Reference Study Population Intervention Results
(Ghrelin and Growth Hormone (GH))

Tobin et al.
[23]

Twenty-four overweight/obese
subjects, twelve men and twelve
women, matched for age: 32.3 ± 2
vs. 36.8 ± 2 years, and BMI:
28.1 ± 1.2 vs. 29.0 ± 1.5 kg/m2.

(1) Aerobic exercise at
65–70% of
age-predicted HRmax
for 45 min.

(2) Twelve resistance
exercises, each
performed as one set
to failure.

(3) Sedentary control.

Total ghrelin showed no significant differences between men and women after
acute exercise (all p > 0.05).

Short-term (<60 min) exercise with lower plasma ghrelin concentrations

Toshinai et al.
[117]

Five inactive normal weight
healthy men (age, 26 ± 0.5 years;
BMI, 23.3 ± 0.2 kg/m2).

Incremental endurance
exercise for 10 min, including
4 conditions:

• Half of the lactate
threshold.

• Lactate threshold.
• Onset of blood lactate

accumulation.
• Above the onset of

blood lactate
accumulation.

Ghrelin levels decreased significantly after incremental exercise.
GH did not change after exercise at half the lactate threshold intensity
incremental exercise (p > 0.05).
GH increased after exercise at an intensity at the lactate threshold intensity
(p < 0.05).
GH increased after exercise at an intensity at the onset of blood lactate
accumulation (p < 0.001).
GH increased exercise at an intensity above the onset of blood lactate
accumulation (p < 0.001).

Stokes et al.
[119]

Seven healthy, active men (age,
26.0 ± 3.0 years;
BMI, 24.9 ± 3.5 kg/m2).

In two exercise trials,
participants performed a
single 30-s sprint on a cycle
ergometer against a resistance
equivalent to 7% (FAST) or 9%
(SLOW) of their body mass.
A control group rested in the
laboratory.

Total ghrelin concentrations decreased significantly after the sprint, with values
lower at 30 min of recovery compared to pre-exercise (FAST: from 620 ± 190 to
490 ± 160 pg/mL, −21.0%, p < 0.001; SLOW: from 590 ± 150 to
470 ± 130 pg/mL, −20.3%, p < 0.001).
GH concentrations increased in both exercise trials and were greater in the FAST
than in the SLOW trial.

Kelly et al.
[120]

Ten physically active men (age,
21.4 ± 1.3 years;
BMI, 23.94 ± 2.1 kg/m2).

Treadmill running for 45 min
at intensity of 70% of VO2peak.
In a randomized,
counterbalanced design,
males completed three trials:
exercise when hydrated
(0–1% body mass), exercise
when dehydrated (−1% to
−2% body mass), and a
hydrated resting control.

Exercise performed in a dehydrated state resulted in significantly lower
concentrations of ghrelin compared with control (p = 0.045) and hydrated
exercise conditions (p = 0.014).

Halliday
et al. [121]

Twenty-four physically inactive
and overweight/
obese adults: twelve men and
twelve women (age, 35 ± 2 years;
BMI, 28.5 ± 0.9 kg/m2; %body fat,
35 ± 2%).

Three conditions were
initiated 35 min after
breakfast:
Aerobic exercise (walking at
65–70% HRmax for 45 min).
Acute bout of resistance
exercise (12–15 repetitions for
12 exercises).
Sedentary control.

Ghrelin was lower after resistance exercise (131 ± 4 pg/mL) than after aerobic
exercise (144 ± 7 pg/mL) (p = 0.006).

Li et al. [22]

Fourteen obese: seven men and
seven females
(age, 20.6 ± 1.5 years;
BMI, 31.1 ± 2.0 kg/m2,
BM; 88.7 ± 15.1 Kg; %body fat
38.8 ± 3.7%).

The participants were
randomized into three groups
performing:

(1) Moderate-intensity
continuous exercise
without blood flow
restriction, 60%
VO2max, 200 kJ.

(2) Moderate-intensity
continuous exercise
with blood flow
restriction, 60%
VO2max, 200 kJ.

(3) Control session
without exercise.

No significant differences in total ghrelin were detected before exercise.
Immediately after exercise, total ghrelin in the (1) and (2) groups differed
significantly from the (3) group (p < 0.05).
One hour after exercise, total ghrelin in the (2) and (1) groups remained
significantly different from the (3) group (p < 0.05).
Total ghrelin in the (2) group was significantly lower than in the (1) group
(p < 0.05).

Short-term (<60 min) exercise with higher plasma ghrelin levels

Erdmann
et al. [112]

Seven normal-weight men and
women (age, 24.4 ± 0.6 years; BMI,
21.4 ± 0.8 kg/m2).

Bicycle exercise on an
ergometer for 30 min at 50 W,
below the aerobic/anaerobic
threshold.

In the control group, plasma ghrelin postprandial declined at 150 min (from
488.6 ± 80.8 pg/mL to 325.4 ± 54.1 pg/mL, −33.4%, p < 0.05).
During 30 min of exercise at 50 W, ghrelin increased (from 520.4 ± 82.7 pg/mL to
566.6 ± 86.2 pg/mL, +8.9%, p < 0.05), then decreased to 386.8 ± 58.5 pg/mL,
−25.7%, p < 0.05 at 135 min.
At 100 W, ghrelin remained unchanged (485.7 ± 94.7 pg/mL to
473.4 ± 101.8 pg/mL, −2.47%, p > 0.05).

Diet (40–50% carbohydrate,
15–25% protein, and 30–40%
fat).
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Table 1. Cont.

Reference Study Population Intervention Results
(Ghrelin and Growth Hormone (GH))

Jürimäe et al.
[122]

Eight male rowers (age,
21.3 ± 2.8 years; BM,
97.4 ± 67.4 kg).

Maximal rowing ergometer
test for 20 min at 81% of
VO2max.

Ghrelin significantly increased immediately after the exercise (+24.4%, p < 0.05)
and was not significantly different than baseline after 30 min of recovery.
GH increased from 0.9 ± 0.6 to 72.1 ± 9.5 µL/U/mL, +7902.2%, p < 0.05.

Long-term (≥60 min), exercise with stable plasma ghrelin levels

Burns et al.
[123]

Eighteen healthy trained: nine
men and nine women (age,
♂24.5 ± 1.3 years,
♀25.1 ± 1.2 years; BM,
♂74.03 ± 4.20 kg, ♀63.57 ± 2.55 kg;
BMI, ♂23.4 ± 1.0 kg/m2

♀22.5 ± 0.8 kg/m2; %body fat,
♀16.9 ± 1.7%, ♀28.3 ± 1.2%).

Treadmill run for 60 min at
73.5% of VO2max.

Ghrelin concentrations did not differ between trials (from 1387.6 ± 254.5 to
1380.6 ± 224.9 pg/mL, −0.5%, p > 0.05).

Martins et al.
[124]

Twelve healthy, normal-weight
volunteers (six males and six
females) (age, 25.9 ± 4.6 years;
BMI, 22.0 ± 3.2 kg m2).

Ergometer intermittent
cycling for 60 min at 65%
of HRmax.

No significant effect of exercise was observed on postprandial levels of ghrelin
(p > 0.05).

Sartorio et al.
[125]

Group 1: nineteen healthy males
and eighteen females (age,
25 ± 6.7 years).
Group 2: four healthy males (age,
28.2 ± 7.2 years).

Group 1: Aerobic exercise
(treadmill running) for
60–90 min at 80% of VO2max.
Group 2: Two consecutive
30-min cycling sessions at 80%
VO2max with different time
intervals (2 and 6 h) between
bouts on two separate days.

Group 1: In males, ghrelin levels significantly decreased (from 1506.4 ± 859 to
1254.8 ± 661.7 pg/mL, −16.7%, p < 0.05), while no significant changes were
observed in females. GH levels increased post-training (p < 0.0001), with no sex
differences.
Group 2: No significant changes in ghrelin levels were observed during or after
the two bouts at different intervals. GH levels increased after the first exercise
bout (peak: 26.8 ± 11.2 and 17.3 ± 3.5 ng/mL, p < 0.005). Peak GH after the
second bout (4.3 ± 1.6 ng/mL) was lower (p < 0.01) after a 2-h interval, while GH
responsiveness recovered after the 6-h interval (11.9 ± 3.3 ng/mL).
GH responses to prolonged exercise (60–90 min) were linked to changes in
ghrelin levels only in males, while repeated shorter bouts (30 min) with marked
GH responses did not affect ghrelin concentrations.

Hagobian
et al. [126]

Eighteen healthy
overweight/obese individuals,
nine men and nine women (age,
♂26.8 ± 11.8 years,
♀23.3 ± 8 years; BMI,
♂25.7 ± 2.3 kg/m2;
♀28.0 ± 3.5 kg/m2).

Treadmill running at 50–65%
of VO2peak.
Four bouts with energy
added to the baseline diet to
maintain energy balance and
four bouts without added
energy to induce energy
deficit.

In men, no significant changes in ghrelin levels were observed.
In women, ghrelin was higher after both the energy deficit (+32%) and energy
balance (+25%) conditions, with the change from baseline being significantly
higher in women compared to men (p < 0.05).

Shiiya et al.
[127]

Nine healthy males (age,
25.2 ± 0.5 years; BMI,
22.6 ± 0.4 kg/m2).

Cycling exercise for 60 min at
50% of VO2max.

Plasma ghrelin levels decreased significantly during cycling (45–60 min) and
tended to decline post-exercise (15–30 min, p ≈ 0.06). Deacyl and total ghrelin
remained unchanged.
GH significantly increased during exercise (p < 0.01) and decreased at 90 min.

Plinta et al.
[128]

Fifty healthy young female
professional basketball and
handball players (age,
21 ± 2.4 years; BMI,
22.1 ± 1.8 kg/m2).

Three-month period of
moderate aerobic training
(pulse 140–160/min) or
intensive aerobic training
(pulse > 170/min).

Plasma ghrelin levels significantly decreased after long-term moderate aerobic
exercise (921 ± 300 vs. 575 ± 572 pg/mL, −37.6%, p < 0.001), while they
remained unchanged following short-term moderate aerobic exercise or
intensive fitness and speed exercise.

Laursen et al.
[24]

Eleven recreationally trained
males (age, 25 ± 4 years; BM,
79.4 ± 13.5 kg).

Three 1-h cycling bouts at 60%
Wmax in hot (33 ◦C), cold
(7 ◦C), and room temperature
(20 ◦C), followed by a 3-h
recovery at room
temperature.

Total and acylated ghrelin levels remained unchanged post- and 3 h
post-exercise, regardless of ambient temperature (p > 0.05).

Long-term (≥60 min), exercise with lower plasma ghrelin levels

Ballard et al.
[129]

Twenty-one healthy males (age,
20 ± 1.8 years; BMI,
24.8 ± 3.3 kg/m2).

Resistance exercise for 80 min
at 55–70% of 1 RM and
without carbohydrate
supplementation.

Plasma ghrelin declined during and 110 min after exercise (p < 0.05).
Plasma ghrelin increased in rest.

Liu et al. [11] Eleven healthy young men (age,
23 ± 2 years; BMI, 22 ± 2 kg/m2).

Sixty minutes of
moderate-load resistance
exercise (4 sets of 8 repetitions
at 85% 8 RM).
Low-load resistance exercise
(4 sets of 15 repetitions at 45%
8 RM).

Ghrelin concentrations were significantly lower immediately after both
moderate and low-load exercise compared to control (p < 0.05).

Very long-term (≥90 min), exercise with lower plasma ghrelin levels

Ghanbari-
Niaki, [130]

Fourteen volunteer male physical
education students (age,
20.5 ± 0.5 years; BM,
78.25 ± 5.01 kg; BMI,
25.27 ± 1.18 kg/m2).

Circuit resistance training for
180 min (10 exercises, three
circuits, with 8–12 repetitions,
at 60% of 1 RM).

Plasma ghrelin showed a significant decrease immediately after the exercise
(p < 0.05) and increased significantly 24 h following the exercise (p < 0.05).
GH showed a significant increase immediately after exercise (p < 0.01) and
returned to pre-exercise values.
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Table 1. Cont.

Reference Study Population Intervention Results
(Ghrelin and Growth Hormone (GH))

Sartorio et al.
[125]

Group 1: Nineteen elite male
athletes and eighteen elite female
athletes (age, 25 ± 6.7 years; BMI,
25 ± 6.7 kg/m2).
Group 2: Four elite male athletes
(age, 28.2 ± 0.2 years; BMI,
25 ± 6.7 kg/m2).

Group 1: One 60–90 min
training session at
approximately 80% of
VO2max;
Group 2: Two consecutive
30-min cycling sessions at
80% of VO2max at different
intervals between workouts
(2 and 6 h) on two different
days.

Group 1: In males, ghrelin significantly decreased after the training session (from
1506.4 ± 859 to 1254.8 ± 661.7 pg/mL, −16.7%, p < 0.05), while no significant
changes were found in females. GH levels increased after the training session
(p < 0.0001), with no differences between males and females.
Group 2: Ghrelin levels remained unchanged during or after the two exercise
bouts at different time intervals. GH levels significantly increased after the first
exercise bout (peak: 26.8 ± 11.2 and 17.3 ± 3.5 ng/mL). After the second bout,
peak GH was lower (4.3 ± 1.6 ng/mL) at a 2-h interval (p < 0.01) but recovered
after the 6-h interval (11.9 ± 3.3 ng/mL).

Very long-term (≥90 min), exercise with higher plasma ghrelin levels

Christ et al.
[131]

Eleven healthy, endurance-trained
male athletes (age, 31.4 ± 1.7 years;
BMI, 22.6 ± 0.5 kg/m2).

Aerobic exercise test on a
cycloergometer for 180 min at
50% of Wmax.
High-fat (HF) or low-fat
(LF) diet.

Ghrelin significantly increased after the LF diet compared to the HF diet
(p < 0.03). No differences in ghrelin levels were observed during exercise, but
post-exercise ghrelin was significantly higher after the LF diet.
GH levels were not significantly different between the LF and HF diets during
the exercise session.

Jürimäe et al.
[21]

Nine national-level male rowers
(age, 20.1 ± 1.5 years; BM,
81.0 ± 5.0 kg; %body fat,
10.8 ± 3.3%).

Rowing training session for
120 min
(distance = 20.7 ± 1.4 km;
HR = 133 ± 4 bpm at intensity
of 80.2 ± 1.6% of the HR turn
point) followed by a 30-min
rest.

Ghrelin concentration increased (from 780.6 ± 207.4
to 876.2 ± 207.3 pg/mL, +12.2%, p < 0.05) 30 min after exercise.

Russel et al.
[20]

Twenty-one endurance-trained
runners: eleven men (age,
27 ± 9 years; BM, 69.8 ± 4.9 kg,
BMI 21.9 ± 1.5 kg/m2, %body fat,
12.8 ± 2.4%) and ten women (age
29 ± 7 years; BM, 56.2 ± 4.9 kg,
BMI, 21.0 ± 1.1 kg/m2, %body fat
20.6 ± 2.3%).

Intense endurance running
by a 10-km time trial on a
treadmill
for 90 min at 62 ± 5% of
VO2max.

Ghrelin was significantly higher after exercise (from 823 ± 94 to 976 ± 94 pg/mL,
+18.6%, p < 0.0001).
GH significantly increased after exercise (from 2.7 ± 6.0 to 23.8 ± 16.8 µg·mL−1,
+781%, p < 0.001).

Short-term exercise is defined as a single exercise session lasting less than 60 min. All interventions in this
table refer to acute exercise (i.e., a single bout). Data are expressed as mean ± SD. BM, body mass; BMI, body
mass index; GH, growth hormone; HR, heart rate; HRmax, maximum heart rate; IGF-1, Insulin-like growth
factor-1; RM, repetition maximum; VO2max, maximal oxygen uptake; VO2peak, peak of oxygen consumption;
Wmax, Wattage maximum.

Table 2. Effects of chronic exercise training programs on total ghrelin according to program duration
(short-term <12 weeks; long-term ≥12 weeks).

Reference Study Population Intervention
Results

(Ghrelin and Body Mass/Body Fat
/BMI)

Short-term chronic exercise programs (<12 weeks) with stable plasma ghrelin levels

Rämson et al.
[132]

Eight trained male rowers (age,
20.2 ± 1.6 years; BM, 81.0 ± 5.4 kg).

Week 1: Maintain previous training
volume (10 h/week).
Week 2: Increase training load by 50%.
Week 3: Increase training load by
10–15% (individualized).
Week 4: Decrease training volume back
to week 1 level.
Training Breakdown:
80% low-intensity rowing;
10% low intensity running/cycling;
10% strength endurance training
(40–50% 1 RM, 30–50 reps). Frequency:
6 training days/week, 1 recovery day.

Week 1: Ghrelin increased from 780.5 ± 221.7 to 842.1 ± 216.5 pg/mL,
+7.9% (p > 0.05).
Week 2–3: Ghrelin increased from 819.4 ± 194.6 to 822.9 ± 215.5
pg/mL, +0.43% (p < 0.05).
Week 4: Ghrelin increased from 755.6 ± 140.9 to 851.3 ± 229.1 pg/mL,
+12.7% (p > 0.05).

Hedayati
et al. [133]

Twenty-seven female students
(age, 22.2 ± 1.54 years; BM,
52.6 ± 3.2 Kg, BMI,
20.76 ± 1.86 kg/m2, %body fat,
21.1 ± 1.6%).

Subjects performed circuit resistance
training with 40% and 80% of 1 RM for
4 weeks.

At 40% of 1 RM: Ghrelin increased from 414 ± 154 to 446 ± 186 pg/mL,
+7.73% (p > 0.05).
The %body fat decreased from 21.2 ± 2.4% to 20.4 ± 2% (p > 0.05).
At 80% of 1 RM: Ghrelin increased from 397 ± 195 to 451 ± 142 pg/mL,
+13.60% (p > 0.05).
The %body fat did not change from 20.6 ± 2.3% to 20.6 ± 2.3%
(p > 0.05).

Rosenkilde
et al. [134]

Six older men
cyclists (age, 61 ± 3 years; BM,
52.6 ± 3.2 Kg, BMI,
24.46 ± 0.9 kg/m2;
%body fat, 21.1 ± 1.6%).

Cycling (2706 km) for 14 days.
Total ghrelin decreased from 867 ± 516 to 824 ± 497 pg/mL, −4.95%
(p > 0.05).
Body fat decrease from 14.0 ± 1.5 kg to 11.8 ± 1.1 kg (p = 0.02).

Ahmadi et al.
[25]

Thirty elderly men (age range
60–70 years; BMI range,
25–30 kg/m2).

Eight weeks of aerobic training at
50–60% of HRmax, for 50–60 min/day.

Ghrelin increased from 640 ± 110 to 710 ± 20 pg/mL, +10.9% (p > 0.05).
The %body fat decreased from 24.31 ± 3.39% to 21.43 ± 2.94%
(p = 0.001).
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Reference Study Population Intervention
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(Ghrelin and Body Mass/Body Fat
/BMI)

Short-term chronic exercise programs (<12 weeks) with lower plasma ghrelin levels

Rämson et al.
[135]

Twelve trained male rowers
(age 22.2 ± 3.4 years;
BMI, 23.95 ± 2.4 kg/m2).

At 50% resistance and 50%
endurance rowing, cycling, or running
training.
Week 1: 10 h/week.
Week 2–3: 15 h–20 h/week.
Week 4: 10 h/week.

Week 1: Ghrelin increased from 973.46 ± 183.4 to 980 ± 300.2 pg/mL,
+0.71% (p > 0.05).
Week 2–3: Ghrelin decreased from 980 ± 300.2 to
873.35 ± 198.61 pg/mL, −10.88% (p < 0.05).
Body fat decreased from 11.4 ± 6.2 to 9.3 ± 5.5 kg (p < 0.05).

Cho et al.
[27]

Forty women cadets
(age 22 ± 28 years;
BMI 24.1 ± 2.7 kg/m2).

Training course for 8 weeks.
Ghrelin decreased from 1100 ± 100 to 1000 ± 100 pg/mL, −9.1%
(p < 0.01).
BMI decreased from 24.1 ± 2.7 to 22.4 ± 2.2 kg/m2 (p < 0.01).

Short-term chronic exercise programs (<12 weeks) with hyperplasma ghrelin levels

Azizi et al.
[136]

Twenty-four inactive students
(age 27.56 ± 0.48 years;
BMI 32.68 ± 0.84 kg/m2).

Eight weeks of aerobic training for
60 min at 65–85% of HRmax.

Ghrelin increased from 321 ± 65 to 417 ± 72 pg/mL, +29.90%
(p = 0.0001).
BMI decreased from 32.94 to 31.65 kg/m2 (p < 0.05).

Tremblay
et al. [29]

Seventy-one overweight
adults/elderly females and males
with metabolic syndrome
(age range 50–70 years).
Group 1: BMI 32.68 ± 0.84 kg/m2.
Group 2: BMI, 34.4 ± 4.2 kg/m2.
Group 3 BMI, 33.9 ± 4.0 kg/m2.

Resistance training for 90 min/week for
3 weeks.
Group 1: High resistance/moderate
endurance, 65–85% of 10 RM for
resistance training and 30% VO2peak for
endurance training.
Group 2: Moderate resistance/high
endurance intensity, 30% of 10 RM for
resistance training and 70% VO2peak for
endurance training.
Group 3: moderate
resistance/endurance, 30% of 10 RM
for resistance training/30% VO2peak for
endurance training.

Ghrelin was significantly increased after day 21 and month 3 (p < 0.001).
Group 1: Body fat decreased from 27.7 ± 7.6 kg to 24.9 ± 7.1 kg
(p < 0.05).
Group 2: Body fat decreased from 32.2 ± 7.7 to 29.3 ± 7.3 kg (p < 0.05).
Group 3: Body fat decreased from 32.3 ± 7.5 to 30.1 ± 7.3 kg (p < 0.05).

Liao et al.
[28]

Sixteen obese children
(age 12.74 ± 1.94 years;
BMI, 27.74 ± 3.33 kg/m2).

Six weeks of moderate, high-intensity
interval and resistance training at
50–60% of HRmax or 80–90% of HRmax;
12–15 RM.
Diet.

Ghrelin was significantly enhanced after 6 weeks (p < 0.05).
The %body fat decreased from 40.00 ± 4.99% to 32.95 ± 4.66%
(p < 0.001).

Long-term training (≥12 weeks) with stable plasma ghrelin levels

Martins et al.
[137]

Twenty-two overweight/
obese sedentary females and males
(age range 56–70 years;
BMI, 31.3 ± 2.3 kg/m2).

Twelve weeks of moderate,
high-intensity interval treadmill
walking or running at 74% of HRmax.

Ghrelin increased from 2074 ± 912.4 to 2371 ± 1022 pg/mL, +14.3%
(p > 0.05).
The %body fat decreased from 35.3 ± 5.6% to 33.5 ± 5.9% (p < 0.001).

Kadoglou
et al. [138]

Ninety females and males with
type 2 diabetes mellitus
(age 36.9 ± 8.3 years;
BMI, 31.3 ± 2.3 kg/m2).
Group 1: BMI, 32.55 ± 3.11 kg/m2,
resistance training.
Group 2: BMI, 31.55 ± 3.11 kg/m2,
aerobic training.
Group 3: BMI, 31.91 ± 2.93 kg/m2,
aerobic exercise + resistance
training.
Group 4: BMI, 32.1 ± 2.95 kg/m2,
control.

Twenty-four weeks of aerobic,
resistance, and combined training for
60 min
at 60–75% of HRmax or 60–80% of 1 RM.

Subgroup analysis showed no significant effects on serum ghrelin
levels (p = 0.228).
Group 1: %Body fat decreased—0.12 ± 0.06%.
Group 2: %Body fat decreased—0.66 ± 0.21%.
Group 3: %Body fat decreased—1.97 ± 0.55% (p < 0.005).

Rosenkilde
et al. [139]

Fifty-three sedentary, overweight
males (age range 27–30 years).
Group 1: BMI, 27.6 ± 1.4 kg/m2.
Group 2: BMI, 28.6 ± 1.8 kg/m2.
Group 3: Control BMI,
28.0 ± 2.3 kg/m2.

Twelve weeks of aerobic training at
20–60 %VO2max for 2984.6 ± 132.6 min.
Group 1: High training dose, 60 min.
Group 2: Moderate training dose,
30 min.

Group 1: Ghrelin increased from 648 ± 80 to 661 ± 84 pg/mL, +2%
(p > 0.05).
Body fat decreased from 27.4 ± 4.2 to 23.7 ± 3.7 kg (p < 0.001).
Group 2: Ghrelin increased from 698 ± 209 to 714 ± 208 pg/mL,
+2.29% (p > 0.05).
Body fat decreased from 30.0 ± 4.6 to 25.8 ± 5.1 kg (p < 0.001).
Group 3: Ghrelin increased from 674 ± 136 to 704 ± 122, +4.45%
(p > 0.05).
Body fat did not change from 29.0 ± 6.0 to 25.8 ± 5.1 kg (p > 0.05).

Gibbons et al.
[140]

Thirty-two inactive males (age
range 18–55 years).
Group 1: BM, 83.5 ± 3.1 kg.
Group 2: BM, 90.4 ± 2.7 kg.
Group 3: BM, 93.1 ± 3.6 kg.

Twelve weeks of resistance training at
70% of HRmax.

Ghrelin does not change (p > 0.05).
Group 1: %Body fat decreased from 33.1 ± 2.5 to 29.0 ± 3.1 kg (p < 0.01).
Group 2: %Body fat did not change 35.5 ± 3.3 to 35.0 ± 3.5 kg (p > 0.05).
Group 3: %Body fat increased from 35.1 ± 2.2 to 40 ± 7.2% (p < 0. 01).

Elerian et al.
[141]

Twelve obese females and males
(age 34.75 ± 4.18 years;
BMI, 37.3 ± 2.6 kg/m2).

Fourteen weeks of 50 min/day, 80% of
1 RM.
Diet (1200–1800 kcal/j).

Ghrelin did not change from 4.4 ± 0.53 to 4.2 ± 0.35 mg/mL, −4.6%
(p > 0.05).
%Body fat decreased from 45.4 ± 5.2% to 40 ± 7.2 % (p < 0.005).
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Table 2. Cont.

Reference Study Population Intervention
Results

(Ghrelin and Body Mass/Body Fat
/BMI)

Fico et al. [26]

Thirty-nine obese females and
males with
osteoarthritis (age 59 ± 1 years).
Group Cycling:
BMI, 32.5 ± 2.0 kg/m2.
Group Swimming:
BMI, 33.1 ± 1.6 kg/m2.

Twelve weeks of cycling or swimming
training, 20–45 min at 40–70% of HRr.

Ghrelin did not change (p > 0.05).
Group Cycling: BMI decreased from 33.1 ± 1.6 to
32.2 ± 1.5 kg/m2 (p < 0.05).
Group Swimming: BMI decreased from 32.5 ± 2.0 to
32.0 ± 2.0 kg/m2 (p < 0.05).

Long-term training (≥12 weeks) with lower plasma ghrelin levels

Plinta et al. [128]

Fifty female professional
basketball and handball players
(age 21 ± 2.4 years);
BMI, 22.1 ± 1.8 kg/m2).

Twelve weeks of moderate aerobic
training or intensive aerobic training
for 120 min at 140–170 bpm.

After 12 weeks of moderate aerobic training, ghrelin
decreased from 921 ± 300 to 575 ± 572 pg/mL, −37.6%
(p < 0.001).
BM did not change (from 65.9 ± 7.1 kg to 65.5 ± 7.0 kg,
p > 0.05).
After 12 weeks of intensive aerobic training, ghrelin
increased from 6.09 ± 5.62 to 6.89 ± 5.62 ng/mL, +13.1%
(p > 0.05).
BM did not change (p > 0.05).

Alyar et al. [10]
Sixty-two obese (BMI ≥ 30 kg/m2)
and forty-eight healthy controls
(BMI, range 18.50–29.99 kg/m2).

Twelve weeks of walking
5000 steps/day.
Diet (1000–1500 kcal/day).

Ghrelin levels significantly decreased.

Long-term training (≥12 weeks) with higher plasma ghrelin levels

Leidy et al. [142]
Fifteen females
(age 20.2 ± 1.4 years; BMI, range
18–25 kg/m2).

Aerobic exercise at 70–80% of HRmax for
12 weeks.
Diet.

Ghrelin increased from 2593 ± 995 to 4449 ± 2234 pg/mL,
+71.6% (p < 0.05).
The %body fat decreased from 30.5 ± 3.5% (p < 0.05).

FosterSchubert et al.
[143]

Eighty-seven postmenopausal
women (age 60.7 ± 6.75 years;
BMI, 30.4 ± 4.1 kg/m2).

Aerobic training,
cycling at 60–75% of HRmax,
45 min/day for 12 weeks.

Ghrelin increased by +24.1% (p < 0.05).
BM decreased (p < 0.05).

Mizia-Stec et al. [144]

Thirty-seven obese
premenopausal females
(age 29 ± 52 years;
BMI, 36.5 ± 5 kg/m2).

Twelve weeks of aerobic exercise x
60 min at 65% of HRmax.
Diet (1000 kcal/day).

Ghrelin increased from 66.9 ± 13.7 to 73.9 ± 15.4 pg/mL,
+10.5% (p = 0.005).
BMI decreased from 36.5 ± 5.4 to 33.4 ± 5.2 kg/m2

(p = 0.001).

Kelishadi et al. [145]
Ninety-two female and male obese
children (age 7.7 ± 1.2 years; BMI,
21.1 ± 2.5 kg/m2).

Twenty-four weeks, 40 min training.
Diet.

Ghrelin decreased (p < 0.05).
BMI decreased (p < 0.05).

Konopko-Zubrzycka
et al. [146]

Twenty-one obese females and
males (age 41 ± 11.9 years; BMI,
47.3 ± 5.7 kg/m2).

Twenty-four weeks of walking for
45 min.
Bioenterics intragastric balloon diet
(1500 kcal/d).

Ghrelin increased from 621.9 ± 182.4 to
903.9 ± 237 pg/mL, +43.3% (p < 0.01), and gradually
returned to baseline 3 months post-balloon removal.
BM decreased.

Gueugnon et al. [147]
Thirty-two female and male obese
adolescents (age 14.3 ± 0.3 years;
BMI, 35.6 ± 0.7 kg/m2).

Twenty-eight weeks of aerobic training,
45–60 min at 50–85% of MAP.
Diet (2300–2500 kcal/day).

Ghrelin increased (p < 0.05).
BMI decreased (p < 0.001).

Kadoglou et al. [148]

Fifty-four overweight females and
males with type 2 diabetes mellitus
diagnosis (age range, 50–70 years;
BMI, 32.1 ± 3.77 kg/m2).

Twelve weeks of aerobic training for
45–60 min/day at 60–75% of HRmax.

Ghrelin increased from 2140 ± 710 to 3870 ± 1070 pg/mL,
+80.8% (p > 0.05).
BMI did not change from 32.1 ± 3.77 to 31.98 ± 3.03 kg/m2

(p > 0.05).

Markofski et al. [149]
Twenty-nine
older, healthy females
and males (age 71.2 ± 5 years).

Twelve weeks of aerobic and resistance
training for 20 min/day at 60–70% of
HRr and 80% of 1 RM.

Ghrelin increased from 32.9 ± 4.0 to 48.2 ± 6.0 pg/mL,
+47% (p < 0.01).
BMI did not change (p > 0.05).

Kim et al. [150]

Eighteen untrained healthy males
(age, 23.6 ± 2.8 years).
Group 1: BMI, 23.6 ± 2.8 kg/m2,
isocaloric high protein diet.
Group 2: 24.5 ± 2.8 kg/m2,
standard diet.

Twelve weeks of resistance training for
50–80 min/day at 60–80% 1 RM.

Group 1: Ghrelin increased from 658.2 ± 73.8 to
817.2 ± 87.0 pg/mL, +25% (p = 0.001).
The %body fat decreased from 22.4 ± 5.8% to 20.0 ± 4.9%
(p < 0.05).
Group 2: Ghrelin did not change from 707 ± 133 to
760 ± 91.2 pg/mL, +9.3% (p > 0.05).
The %body fat did not change from 19.2 ± 7.9% to
18.3 ± 7.3% (p > 0.05).

Kang et al. [151]

Twenty-six obese females.
Intervention group
(age, 50.1 ± 3.8 years;
BMI, 31.8 ± 3.2 kg/m2).
Control group
(age, 49.84 ± 2.96 years;
BMI, 30.4 ± 2.3 kg/m2).

Twelve weeks of aerobic and resistance
training for 50 min at 12–14 of RPE.

Ghrelin increased from 588.5 ± 139 pg/mL to
821.4 ± 197.0, +39.5% (p < 0.001).
The %body fat decreased from 38.7 ± 3.2% to 36.9 ± 3.5%
(p < 0.05).
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Table 2. Cont.

Reference Study Population Intervention
Results

(Ghrelin and Body Mass/Body Fat
/BMI)

Tremblay et al. [29]

One hundred overweight
adults/elderly females and males
with metabolic syndrome group
(age range 50–70 years).
Group 1: BM, 85.4 ± 12.4 kg.
Group 2: BM, 94.0 ± 13.7 kg.
Group 3: BM, 89.0 ± 12.7 kg.

Twenty-four weeks of 90 min/day of
endurance plus 90 min/week of
resistance training.
Group 1: High resistance (at 65–85% of
10 RM), moderate endurance (30% of
VO2peak) training.
Group 2: Moderate resistance (at 30% of
10 RM), high endurance (70% of
VO2peak training).
Group 3: Moderate resistance (at 30% of
10 RM) endurance, for resistance (30%
of VO2peak).

Ghrelin significantly increased after day 21 (p < 0.001),
returning to baseline levels between months 6 and 12 as
body weight and fat plateaued.
Group 1: Body fat decreased from 27.7 ± 7.6 to
22.1 ± 6.9 kg (p < 0.05).
Group 2: Body fat decreased from 29.6 ± 0.7 to
26.3 ± 6.8 kg (p < 0.05).
Group 3: Body fat decreased from 32.3 ± 7.5 to
28.3 ± 6.8 kg (p < 0.05).

Ataeinosrat et al. [152]
Forty-four obese males
(age 27.5 ± 9.4 years;
BMI, 32.9 ± 1.2 kg/m2).

Twelve weeks of 70 min at 50% of 1 RM
training.
Group 1: Circuit resistance training.
Group 2: Traditional resistance.
Group 3: Interval resistance training.

Group 1: Ghrelin increased from 650 ± 14 to
870 ± 11 pg/mL, +33.8% (p < 0.05).
Body fat decreased from 29.9 ± 1.1 to 27.2 ± 0.8 kg
(p < 0.05).
Group 2: Ghrelin increased from 659 ± 20 to
779 ± 17 pg/mL, +18.2% (p < 0.05).
Body fat did not change from 29.9 ± 1.1 to 28.5 ± 0.8 kg
(p > 0.05).
Group 3: Ghrelin increased from 669 ± 31 to
866 ± 18 pg/mL, +29.4% (p < 0.05).
Body fat decreased from 30.4 ± 1.0 to 26.8 ± 1.0 kg
(p < 0.05).

Najafi et al. [12]

Forty-five females with precocious
puberty (age range 6–8 years).
Group 1: Medication plus training,
BMI, 17.9 ± 0.6 kg/m2.
Group 2: Medication,
BMI, 17.8 ± 0.68 kg/m2.
Group 3: Control,
BMI, 16.5 ± 0.49 kg/m2.

Twelve weeks of aerobic training,
20–75 min/day at 45–75% of HRmax.

Group 1: Ghrelin increased from 8210 ± 1400 to
9110 ± 1350 pg/mL, +11% (p = 0.001).
BMI decreased from 17.9 ± 0.6 to 17.1 ± 0.44 kg/m2

(p < 0.05).
Group 2: Ghrelin did not change from 8340 ± 1210 to
8400 ± 1210 pg/mL, +0.7% (p > 0.05).
BMI did not change from 17.8 ± 0.68 to 17.9 ± 0.72 kg/m2

(p > 0.05).
Group 3: Ghrelin did not change from 9880 ± 1300 to
9900 ± 1800 pg/mL, +0.2% (p > 0.05).
BMI did not change from 16.5 ± 0.49 to 16.6 ± 0.29 kg/m2

(p > 0.05).

Very long-term training (≥48 weeks) with stable plasma ghrelin levels

Campos et al. [153]

Forty-two female and male obese
adolescents
(age 16.22 ± 1.35 years).
Group1: BMI, 35.82 ± 4.52 kg/m2.
Group 2: BMI, 37.6 ± 5.44 kg/m2.

Forty-eight weeks of 60 min/day.
Group 1: Aerobic training.
Group 2: Aerobic plus resistance
(6–12 of RM) training.

Group 1: Ghrelin did not change from 7660 ± 6230 to
8890 ± 6450 pg/mL, +16.1% (p > 0.05).
BMI decreased from 35.82 ± 4.52 to 32.06 ± 4.92 kg/m2

(p < 0.05).
The %body fat decreased from 43.97 ± 6.46 to
38.44 ± 8.97% (p < 0.05);
Group 2: Ghrelin increased from 1240 ± 480 to
1470 ± 1700 pg/mL, +18.6% (p < 0.05).
BMI decreased from 37.6 ± 5.44 to 32.6 ± 4.56 kg/m2

(p < 0.05).
The %body fat decreased from 50.5 ± 6.46 to 45.2 ± 8.14%
(p < 0.01).

Very long-term training (≥48 weeks) with higher plasma ghrelin levels

Foster-Schubert et al.
[143]

Eighty-seven postmenopausal
obese women
(age 60.7 ± 6.75 years;
BM, 81 ± 14.1 Kg;
BMI, 30.4 ± 4.1 kg/m2).

Forty-eight weeks of aerobic training,
for 45 min/day at 60–75% of HRmax.
Diet (1200–2000 kcal/day).

Ghrelin increased by 32 ± 16 pg/mL (p < 0.05).
BM decreased from 81.7 ± 1.4 kg to 80.5 ± 0.3 (p < 0.05).

Mason et al. [154]

Three hundred ninety-nine
overweight/
obese postmenopausal women
(age 57.9 ± 5 years;
BMI, 30.9 ± 4.0 kg/m2).

Twelve months of
moderate-to-vigorous intensity
exercise for 45 min/day (5 days/week)
at 70–85% of HRmax.
Diet: 1200–2000 kcal/day.

Ghrelin significantly increased in the diet plus exercise
(+7.4%, p = 0.008) group but not in either the diet (+6.5%,
p = 0.07) or exercise (+1.0%, p = 0.53) groups.
BM decreased by 2.4% (p = 0.03) in the exercise group, by
8.5% (p < 0.001) in the diet group, and by 10.8% (p < 0.001)
in the diet plus exercise group.

Data are expressed as mean ± SD. HRmax, maximum heart rate; HRr, heart rate reserve; BF, body fat; BM, body
mass; BMI, body mass index; MAP, maximal aerobic power; RM, repetition maximum; RPE, rate of perceived
exertion; VO2max, maximal oxygen uptake; VO2peak, peak of oxygen consumption.

3.2. Participant Characteristics

The participant characteristics varied concerning sex, age class, body composition,
health status, or training level. Most studies (n = 28) were conducted in males, while
11 studies concerned females, and 20 studies included both sexes. Two studies did not
identify the gender of participants [10,28]. Participants were youth/young adults in
41 studies, elderly individuals in 14 studies, and children in 5 studies. One study did
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not report the participants’ age [10]. The majority of studies (n = 29) involved normal-
weight people, while 28 studies investigated overweight/obese people, 3 studies were
conducted in both groups, and 1 study concerned lean and normal-weight individuals.
Regarding health status, five studies involved clinical populations, including patients
with GH deficiency [108], metabolic syndrome [29], osteoarthritis [26], type 2 diabetes
mellitus [138,148], and children with precocious puberty [12]. Participants were inactive in
42 studies, moderately active in 5 studies, and athletes in 14 studies. Sample sizes range
from 5 to 399 participants, with most studies (70.49%) having fewer than 30 participants.

3.3. Exercise Characteristics

Ghrelin responses to acute exercise were assessed in 30 of the 61 included studies,
responses to chronic exercise were studied in 30 studies, and response to both acute and
chronic exercise was assessed in 1 study [128]. There was considerable heterogeneity
across trials concerning exercise/training type, intensity, frequency, and duration. Studies
assessing the effects of acute exercise used either aerobic (n = 24), resistance (n = 4),
combined (n = 2), or intermittent (n = 1) exercise. Concerning exercise duration, 18, 8, and
4 studies implemented short (<60 min), long (≥60 min), and very long-term (≥90 min)
exercise, respectively. One study used both long (≥60 min) and very long-term (≥90 min)
exercise [125].

Chronic exercise studies implemented either aerobic (n = 19), resistance (n = 2), com-
bined (n = 8), or intermittent (n = 2) training programs. Most of these studies (n = 19)
employed a long-term program (≥12 weeks), while 8 and 2 studies applied a short-term
(<12 weeks) or very long-term (≥ 48 weeks) training program, respectively. Two studies
used both short (<12 weeks) and long-term (≥12 weeks) [29], or both long (≥12 weeks)
and very long-term (≥48 weeks) [143]. The majority of acute or chronic exercise studies
used moderate-intensity exercise. Some studies paired acute/chronic exercise with other in-
terventions, including diet [10,21,28,112,131,141,142,144–147,154], bioenterics intragastric
balloon [146], medication [12], GH administration [108] or carbohydrate supplementa-
tion [129].

3.4. Analytical Characteristics

In the 61 included studies, 33 studies reported “total ghrelin”; however, only 28 studies
measured “ghrelin”. High-quality immunoassay methods with optimal precision were
used in all studies to assess “total ghrelin/ghrelin” levels, which were measured with
different units including (pg. mL−1), (fmol·mL−1), (pmol. L−1), (picog. mL−1), (ng.
mL−1), (mg. mL−1), (pmol. L−1), (µg.L−1), (µg. mL−1), (µL/U/mL), (ug. dL−1), and
(mg. mL−1).

3.5. Response of Ghrelin to Acute and Chronic Exercise Mode
3.5.1. Response to Acute Exercise

Total ghrelin/ghrelin responses to acute exercise were assessed in 30 studies, while
1 study measured its response to both acute and chronic exercise [128].

Total Ghrelin/Ghrelin

Most of the included studies showed no change in circulating total ghrelin levels [19,
23,24,108–111,113–116,123,124,126–128]. This lack of change was reported in ten studies
involving a single short-duration exercise session [19,23,108–111,113–116] and six studies
involving a long-term chronic exercise intervention (≥12 weeks) [24,123,124,126–128].

Total ghrelin levels remained stable, mostly after aerobic exercise [19,24,108–111,
113,114,116,123,126–128], then resistance [115], combined [23], or intermittent [124]
exercise. These studies included healthy normal weight [110,111,124,126], or over-
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weight/obese [19,23,114,116], both normal weight and obese [115], trained [24,109,113,
123,128] or untrained [127] individuals, and one study included both healthy subjects and
GH-deficient patients [108].

Nine studies demonstrated reduced total ghrelin/ghrelin levels [11,22,117–121,129,130]
after aerobic [22,117–120], resistance [11,129,130], or combined exercise [121] in normal
weight [11,117,129], overweight/obese [22,121], or active individuals [118–120,130]. The de-
crease was observed after short [22,117–121], long [11,129], or very long-term training [130].
However, only four studies showed increased total ghrelin/ghrelin levels after short [122]
or very long-term [20,21,131] aerobic training in trained subjects. Finally, two studies
reported both unchanged and decreased or unchanged and increased total ghrelin/ghrelin
levels after short [112], long, and very long-term [125] aerobic training in trained or healthy
normal weight subjects depending on the participant’s sex (unchanged in females and
decreased in males) or exercise intensity (100 W vs. 50 W), respectively [112,125].

Growth Hormone

Only 15 studies measured the GH responses to acute exercise [19,20,108–111,113,
114,117,119,122,125,127,130,131], and most studies (n = 12) showed increased GH levels
after exercise with varying durations and intensities [20,109–111,113,114,119,122,125,127,
130,131]. However, three studies showed both increased and unchanged circulating GH
depending on the participant’s health status [108] or the exercise intensity [19,117] after
short-term acute training. An increase in GH levels was observed in seven short-term
exercise studies [109–111,113,114,119,122], one long-term study [127], and four very long-
term exercise studies [20,125,130,131].

3.5.2. Response to Chronic Exercise

Total ghrelin/ghrelin responses to chronic exercise were assessed in 30 studies, while
1 study evaluated its response to both acute and chronic exercise [128].

Total Ghrelin/Ghrelin

Most studies demonstrated increased total ghrelin/ghrelin levels (n = 16) after
aerobic [12,136,142–148,154], resistance training [29,150,152], combined [149,151], or
intermittent training [28] among healthy normal weight [142,149,150], overweight/
obese [28,136,143–147,151,152,154], or clinical overweight/obese with type 2 diabetes mel-
litus [148] or metabolic syndrome [29] and among children with precocious puberty [12].
The increase was mostly observed with long- and very long-term [12,142–152,154] rather
than short-term [28,29,136] training programs.

Stable plasma ghrelin levels was shown in 11 studies using either short [25,132–134]
or long-term [26,137–141] or very long-term [153] aerobic training [25,26,132–134,137,
139,140], resistance [141], or combined training [138,153] in active [133], inactive [140],
trained [132,134], healthy overweight/obese [25,137,139,141,153], and clinical obese with
type 2 diabetes mellitus [148] or osteoarthritis [26].

However, four studies involving obese [10] and trained [27,128,135] individuals
demonstrated a significant decrease in total ghrelin levels following both short- [27,135]
and long-term [10,128] aerobic exercise. This reduction in ghrelin levels is thought to be
linked to the body’s adaptation to energy expenditure during exercise [19,62,69,155–158],
where changes in energy balance and fat stores may influence hunger signaling pathways.
The mechanisms behind this reduction are complex and involve various factors, including
alterations in adiposity, insulin sensitivity, and exercise-induced changes in the autonomic
nervous system [159–164].
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Body Mass, Body Mass Index, and Body Fat

Of the 31 included studies, only 2 did not measure changes in body composition
after chronic training [10,132]. The majority of studies (n = 24) reported reduced body
mass [143,146,154], body mass index [12,26,27,136,144,145,147,153], or body fat [25,28,29,
134,135,137,139–142,150–152] after chronic training of varying intensities. The decrease
was mostly observed with long- and very long-term [12,26,137,139–147,150–154] rather
than short-term [25,27–29,134–136] training programs. Nevertheless, five studies found
unchanged body composition training [128,133,138,148,149] after short training [133] and
long [128,138,148,149] chronic training interventions. This suggests that prolonged exercise
regimens may lead to more significant metabolic adaptations, including reductions in body
fat and changes in hormonal signaling pathways that regulate hunger and satiety [165–167].

4. Discussion
The purpose of this systematic review is to examine changes in ghrelin levels in

response to acute and chronic bouts of exercise. This review includes 61 studies that adopted
exercise interventions with different modes, types, durations, and intensities. The results of
this analysis found conflicting findings, with reports demonstrating increased, decreased,
or unchanged total ghrelin/ghrelin levels in response to acute or chronic exercise.

4.1. The Effect of Acute Exercise on Total Ghrelin

Despite conflicting findings on the effects of acute exercise on circulating total
ghrelin, over half of the studies assumed no significant impact [19,23,24,108–111,113–
116,123,124,126–128], particularly following short-duration and aerobic protocols. This
prevailing assumption suggests a potential bias or underestimation of exercise-induced
hormonal dynamics, warranting more rigorous investigation. However, a recent systematic
review [13] reinforces this notion, concluding that acute exercise does not significantly
affect total ghrelin concentrations. This apparent stability could reflect a complex interplay
of physiological mechanisms, such as the redistribution of blood flow away from ghrelin-
producing tissues during exercise, as suggested by Hazell et al. [168]. Nevertheless, the
heterogeneity in exercise modalities, intensities, and participant profiles limits the general-
izability of these conclusions and highlights the need for further controlled investigations
to clarify the underlying mechanisms.

Several studies have shown that acute exercise can suppress acylated ghrelin levels,
its active isoform, particularly when the exercise is of moderate to high intensity. For
example, Broom et al. [169] found that a 60-min run at 72% VO2max significantly reduced
plasma acylated ghrelin concentrations and hunger sensations compared to a resting period.
Additionally, a meta-analysis by Schubert et al. [167] highlighted that acute exercise can
influence appetite by suppressing acylated ghrelin levels, while simultaneously increasing
levels of PYY, GLP-1, and PP, thereby contributing to changes in food and drink intake
following exercise. These findings suggest that acute physical activity can modulate
appetite through alterations in the levels of appetite-regulating hormones such as ghrelin,
PYY, and GLP-1. However, it is important to note that most studies have measured only
acylated ghrelin, and therefore the data for separately examining total, acylated, and
des-acylated ghrelin are limited.

Although several reviewed studies showed an increase in total ghrelin levels following
acute or prolonged aerobic exercise, the mechanisms underlying this response remain
unclear. These findings suggest a more complex relationship between exercise and ghrelin
regulation, which may vary based on several factors, such as exercise duration, intensity,
and the metabolic state of the individual. The studies indicating increased ghrelin levels
predominantly involved healthy normal-weight [112] or trained individuals [20,21,122,131],
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and these responses were observed after both short-term [112,122] and very long-term
exercise protocols [20,21,131]. The increase in ghrelin in these contexts might reflect a
peripheral marker of a negative energy balance, signaling the body’s metabolic response to
energy needs during and after exercise [21]. This hypothesis is supported by the fact that
ghrelin, often referred to as the “hunger hormone”, plays a crucial role in regulating appetite
and energy homeostasis [6]. However, several questions remain unresolved. For example,
why does ghrelin increase in some cases but decrease in others, and what role might
individual differences (e.g., training status, body composition, and energy availability) play
in this divergent response [143,154]. Current literature provides only partial explanations,
and future research should aim to clarify the role of ghrelin as a regulator of energy balance
in response to exercise. Studies should consider factors such as the time course of ghrelin
release, the interaction between ghrelin and other appetite-related hormones like leptin and
PYY [158,163], and the influence of various exercise modalities (e.g., aerobic vs. resistance
training) [15,128]. Additionally, examining the differential responses based on participant
characteristics, including metabolic status, age, and fitness level, could offer valuable
insights into how exercise-induced changes in ghrelin contribute to appetite regulation
and overall energy balance [170,171]. Ultimately, understanding the exact role of ghrelin
in exercise-induced energy balance changes will provide key information for developing
personalized exercise interventions aimed at weight management or improving metabolic
health [64,172].

Several studies examining GH response to exercise have reported three distinct
patterns: unchanged ghrelin with increased GH [19,108–111,113,114], concurrent in-
creases in both ghrelin and GH [122], and decreased ghrelin levels alongside elevated
GH [20,117,119,125,127,130,131]. These discrepancies suggest that ghrelin may not serve as
a primary regulator of GH release during acute exercise, regardless of its duration. Instead,
GH secretion in response to exercise appears to be primarily driven by hypothalamic
neurohormones—GHRH and somatostatin—as supported by evidence in both human and
animal models [36,37].

This review suggests that a single short-duration acute exercise session, particularly
aerobic exercise, does not consistently alter ghrelin concentrations, even in the presence of
elevated GH levels [19,108–111,113,114,122,125]. This supports the hypothesis that ghrelin
plays a limited, if any, role in the regulation of GH during acute exercise [20,117,119,
125,127,130,131]. However, this relationship remains incompletely understood, and the
heterogeneity of findings highlights the need for further mechanistic studies [36,37]. It is
also important to consider that ghrelin secretion is influenced by a variety of physiological
factors, including nutritional status, the timing and composition of the preceding meal,
circadian rhythms, and exercise intensity or duration [41,62,169,173]. In studies where
these variables were not tightly controlled, any potential effect of acute exercise on ghrelin
levels may have been obscured [143,161]. Future research should aim to isolate these
confounding factors through rigorous experimental design to clarify the precise nature of
the ghrelin/GH interaction under exercise conditions [170,172,174].

4.2. The Effect of Chronic Exercise on Total Ghrelin

Data on the total ghrelin response to training have shown controversial results, with
most studies showing an increase and fewer reporting decreases or unchanged levels.
Up to 51% of chronic training program studies demonstrated increased circulating total
ghrelin [12,28,29,136,142–152,154]. The increase is mostly reported after aerobic [12,136,142,
148,154], resistance [29,150,152], combined [149,151], or intermittent training [28]. Raised
total ghrelin levels were especially seen in overweight/obese subjects [12,28,29,136,143–
148,151,152,154].
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Moreover, exercise training protocols that lead to increased total ghrelin are generally
accompanied by lower body mass, body fat, or BMI [12,25–29,134–137,139–147,150–154].
Indeed, unchanged body composition occurred generally with unchanged plasma ghrelin
level [128,133,138,148]. A recently published systematic review suggested that weight loss
resulting from chronic training is the primary mechanism for increasing circulating ghrelin
levels [13]. In light of this evidence, previous studies combining training programs with
dietary intervention have reported an increase in total ghrelin only in participants who
experienced significant weight loss [150]. Moreover, higher ghrelin levels are associated
with greater weight loss [154]. Indeed, Mason et al. [154] showed that ghrelin increased by
8.4% in overweight/obese women who lost 5–10% of their body weight, compared to an
increase of approximately 10% in those who lost ≥ 10% of their body weight, in response
to diet plus exercise.

The exact process linking weight loss to increased circulating ghrelin levels is not yet
fully elucidated, but several mechanisms have been proposed. One potential pathway
involves metabolic adaptations: weight loss may enhance carbohydrate oxidation and re-
duce fat utilization independently of GH signaling [62,172]. In addition, increased GH and
IGF-1 secretion following exercise mediate anabolic effects and indirectly promote ghrelin
release [175–177]. Ghrelin also interacts with neuropeptide Y (NPY), a key hypothalamic
regulator of long-term food intake, suggesting a neuroendocrine feedback loop in response
to energy restriction [58]. Another potential mechanism linking weight loss to increased
circulating ghrelin levels is the modulation of inflammation [12]. Evidence suggests that
hypothalamic inflammation is a key contributor to ghrelin resistance [178]. Weight loss
reduces systemic and central inflammatory markers, including pro-inflammatory cytokines
such as IL-6 and TNF-α [12,16,179]. The reduction in inflammation may, in turn, help
restore ghrelin sensitivity [174], thereby enhancing the hormone’s regulatory role in ap-
petite and energy homeostasis. Furthermore, total ghrelin has been shown to increase
with reduced oxidative stress [180–182]. Since regular exercise improves mitochondrial
function and reduces reactive oxygen species production [180,183,184], this may represent
an additional mechanism underlying ghrelin upregulation in response to chronic training.

Increased total ghrelin levels occurred particularly after long and very long-term
training of low, moderate, or high intensity [12,142–152,154] than short-term moder-
ate/intensive training [28,29,136]. Accordingly, total ghrelin release is more sensi-
tive to training duration than training intensity, since long- and very long-term train-
ing [12,26,134,137,140–147,150–154] is more efficient in reducing body mass/fat, especially
in obese people. The current review reinforces the approach that the effect of exercise
training on ghrelin concentration depends on the volume of the training program [13,184].
In addition, the current review reports that increased total ghrelin is more sensitive to long
and very long aerobic training, mainly in overweight/obese subjects.

In contrast, fewer studies have reported unchanged [25,26,132–134,137–141,153] or de-
creased [10,27,128,135] total ghrelin levels, after short- and long-term aerobic and resistance
training, respectively. It has also been reported that plasma total ghrelin levels following
exercise may be attenuated during periods of severe energy restriction [132], although the
underlying mechanism remains unclear. Nutrition likely modulates the exercise-induced
effect on postprandial ghrelin, depending on the body’s energy reserves. In particular,
greater energy restriction appears to be associated with a more pronounced decrease in
ghrelin levels [132,135].

The results of this analysis suggest that a single short-duration acute aerobic exer-
cise session did not affect circulating total ghrelin levels, regardless of exercise intensity,
participant characteristics, or GH secretion.
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The study also revealed that long-term aerobic training may be an interesting modal-
ity to increase total ghrelin levels, mainly in overweight or obese individuals, through
mechanisms associated with body composition improvements.

A key strength of this systematic review is that a comprehensive literature search
strategy was used to identify all relevant research. This systematic review included studies
with high heterogeneity in terms of participants and exercise characteristics. The study
population included men and women, children, youth, adults, and elderly people of normal
weight, overweight or obese, healthy or suffering from diseases. In addition, fitness levels
varied from inactive, active, to athletes. The acute/chronic training intervention admitted
low, moderate, or high-intensity aerobic, resistance, intermittent, or combined exercises of
short, long, or very long duration. The training was combined with other interventions,
incorporating diet, medication, or hormonal supplements. This large variability led to
a challenging interpretation of the results and made it difficult to develop conclusive
outcomes. It is unavoidable to highlight the limitations of this review. The included studies
are limited to those that measured total ghrelin/ghrelin, as we excluded those that assessed
both ghrelin isoforms, AG and DAG. Similarly, the sample size in most studies was small,
suggesting that these studies may be underpowered to detect statistical significance. The
restriction to the English language may be considered another limitation in this review.

A key methodological limitation identified across the studies is the inconsistency
in reporting blood sample handling procedures, which could contribute to variability
in ghrelin levels. Acylated ghrelin is highly unstable and requires specific stabilization
techniques, such as protease inhibitors and rapid freezing, to ensure accurate measurement.
Our analysis found that only a subset of studies provided detailed protocols for sample
stabilization, while others did not provide sufficient detail or did not report methods at
all. This lack of standardization likely contributes to the variability in reported plasma
ghrelin levels following exercise interventions. As a result, we were unable to perform a
quantitative analysis of the correlation between stabilization methods and study outcomes
due to insufficient data.

Taken together, the evidence suggests that the effects of exercise on total ghrelin levels
may differ significantly between healthy individuals and those with endocrine dysfunctions,
especially when pharmacological treatments are involved. While several studies included
in this review showed that chronic aerobic exercise can increase total ghrelin concentrations,
particularly in overweight or obese participants, results from individuals with hormonal
disorders were more heterogeneous. This variability may stem from the influence of
prescribed medications (e.g., GH therapy) that interact with exercise-induced endocrine
responses through different regulatory mechanisms. For instance, in GH-deficient patients,
ghrelin dynamics may be more directly influenced by exogenous hormone replacement
than by exercise itself. Therefore, the interpretation of results in these populations must be
approached with caution, and future studies should aim to isolate the specific contribution
of exercise in the presence of pharmacological confounders.

Our findings underscore the importance of exercise duration and intervention period
in modulating total ghrelin levels. Short-duration acute exercise (<60 min) generally failed
to produce consistent changes in ghrelin, regardless of intensity, likely due to insufficient
energy deficit or limited hormonal adaptation time [169,173]. Conversely, long-term chronic
exercise interventions (≥12 weeks), particularly those involving moderate-intensity aerobic
exercise, were more likely to increase total ghrelin concentrations, especially in overweight
or obese individuals [143,183]. This supports the hypothesis that chronic exercise may
restore ghrelin sensitivity as part of broader metabolic adaptations, including improved
insulin sensitivity, energy homeostasis, and body composition.
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In this context, it is important to consider the interplay between ghrelin and other
appetite-regulating gut peptides, particularly GLP-1. GLP-1, an incretin hormone, exerts
anorexigenic effects by enhancing satiety and reducing gastric emptying, and has become a
central focus in obesity treatment through GLP-1 receptor agonists [185,186]. While GLP-1
and ghrelin exert opposing effects on appetite, exercise appears to influence both pathways.
Emerging evidence suggests that regular exercise may enhance GLP-1, contributing to
appetite suppression and metabolic benefits [137]. Therefore, future research should
explore how different training modalities simultaneously modulate ghrelin and GLP-1, and
whether combining exercise with GLP-1 agonist therapy could provide synergistic effects
in metabolic disease management.

5. Conclusions
The effect of short-duration, long-term, and very long-term acute and chronic exercise

on ghrelin and GH levels remains inconsistent across studies. In addition to the direction
of hormonal responses, the magnitude of change also varied considerably. Heterogeneous
reporting—often using relative changes or non-standardized units—hinders direct compar-
isons and limits interpretability. Ghrelin responses ranged from modest increases of +20 to
+200 pg/mL, with some interventions showing elevations exceeding 300 pg/mL. Lower-
intensity, prolonged aerobic exercise (e.g., 50 W cycling or ~50–60% VO2max) typically
induced moderate increases in ghrelin, whereas higher-intensity or resistance protocols
(≥70% VO2max, sprints) often resulted in stable or reduced levels. These differences may
reflect variations in sympathetic activity, gastrointestinal blood flow redistribution, or the
suppression of appetite-regulating hormones.

In contrast, GH showed more consistent intensity-dependent increases, with post-
exercise levels rising from approximately 2 to over 10 ng/mL, particularly during high-
intensity protocols exceeding 75% VO2max or approaching the lactate threshold. Moderate-
intensity sessions (50–60% VO2max) produced smaller or negligible changes. These findings
suggest a positive relationship between exercise intensity and GH secretion, likely mediated
by hypothalamic GHRH stimulation, although influenced by individual fitness, energy
status, and sampling timing.

To better characterize these dose–response relationships, future studies should adopt
standardized protocols for exercise intensity, duration, and hormone measurement.
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