
Vol.:(0123456789)

Sports Medicine (2021) 51:2389–2410 
https://doi.org/10.1007/s40279-021-01518-6

SYSTEMATIC REVIEW

Ghrelin Response to Acute and Chronic Exercise: Insights 
and Implications from a Systematic Review of the Literature

Nejmeddine Ouerghi1,2   · Moncef Feki2   · Nicola Luigi Bragazzi3 · Beat Knechtle4,5   · Lee Hill6 · 
Pantelis T. Nikolaidis7 · Anissa Bouassida1

Accepted: 5 July 2021 / Published online: 10 August 2021 
© The Author(s) 2021

Abstract
Background  Ghrelin is a peptide hormone predominantly produced by the stomach. It exerts a wide range of functions includ-
ing stimulating growth hormone release and regulating appetite, food intake, and glucose and lipid metabolism. Since physi-
cal exercise affects all these aspects, a particular interest is accorded to the relationship between ghrelin and exercise. This 
systematic review aimed to summarize the current available data on the topic for a better understanding of the relationship.
Methods  An extensive computerized search was performed in the PubMed and SPORTDiscus databases for retrieving 
relevant articles. The search contained the following keywords: ghrelin, appetite-related peptides, gastrointestinal peptides, 
gastrointestinal hormones, exercise, acute exercise, chronic exercise, training, and physical activity. Studies investigating 
the effects of acute/chronic exercise on circulating forms of ghrelin were included.
Results  The initial search identified 840 articles. After screening, 80 articles were included. Despite a heterogeneity of stud-
ies and a variability of the findings, the review suggests that acute exercise suppresses acyl ghrelin production regardless 
of the participants and the exercise characteristics. Long- and very long-term exercise training programs mostly resulted 
in increased total and des-acyl ghrelin production. The increase is more noticeable in overweight/obese individuals, and is 
most likely due to weight loss resulting from the training program.
Conclusion  The review suggests that exercise may impact ghrelin production. While the precise mechanisms are unclear, 
the effects are likely due to blood flow redistribution and weight loss for acute and chronic exercise, respectively. These 
changes are expected to be metabolically beneficial. Further research is needed for a better understanding of the relationship 
between ghrelin and exercise.
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1  Introduction

Ghrelin is a peptide hormone predominantly produced by the 
stomach with lower amounts being synthesized in the intes-
tine, pancreas, and in other organs [1]. Ghrelin was identified 
20 years ago as an endogenous ligand able to bind to the 
orphan growth hormone secretagogue receptor (GHSR-1a) 
and to stimulate growth hormone (GH) secretion via a novel 
pathway [2]. Since this date, domains of actions and interest 
in this peptide have expanded greatly. Notably, it has been 
recognized to play a key role in stimulating both appetite and 
energy intake. Ghrelin is present in two endogenous peptide 

variants: acyl ghrelin (AG) and des-acyl ghrelin (DAG). The 
circulating AG:DAG ratio varies from 1:4 to 1:9 accord-
ing to physiological factors such as body composition and 
nutritional status [3–5], while the underlying mechanisms 
are poorly understood. AG is formed by post-translational 
addition of a medium chain fatty acid, typically octanoate 
or decanoate, to the third N-terminal amino acid residue, a 
modification catalyzed by ghrelin-O-acyltransferase (GOAT) 
[6]. GOAT has been detected in the human serum, the hip-
pocampus, and the temporal gyrus [7, 8]. AG can be locally 
formed by GOAT, which presumably allows it to exert 
effects in selected tissues and brain areas [8]. AG recognizes 
and binds to GHSR-1a to exert the primary hormonal and 
metabolic actions of ghrelin [2]. DAG derives from the pro-
teolytic processing of unacylated proghrelin by prohormone 
convertase 1/3 or from cleavage of an acyl radical from AG 
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Key Points 

Ghrelin is an orexigenic gastrointestinal hormone 
composed of two isoforms—namely acyl and des-acyl 
ghrelin, which exert both analogous and opposite effects 
on metabolism.

Literature data on the effects of physical exercise on 
ghrelin production are controversial due to the heteroge-
neity of the studies, making an accurate interpretation of 
outcomes challenging.

Acute exercise is generally associated with the suppres-
sion of acyl ghrelin, while prolonged training resulted in 
increased total and des-acyl ghrelin, most likely due to 
weight loss.

Exercise-induced changes in ghrelin isoforms, namely 
decreased acyl ghrelin and increased des-acyl ghrelin, 
are expected to be metabolically beneficial.

by esterases such as butyrylcholinesterase [3, 9]. This form 
is unable to bind and activate the GHSR. However, it has 
been proven to exert diverse metabolic effects, especially 
on insulin sensitivity and glucose and lipid metabolism via 
unidentified receptors that DAG might share with AG [10, 
11]. Some of these effects may modulate and even antago-
nize AG effects [12, 13].

Beyond the regulation of appetite, GH secretion, and the 
metabolism, ghrelin is involved in the modulation of gastric 
and gut secretion and motility, sleep–wake rhythm, and food/
reward behavior [9, 14, 15]. The most well-known effect of 
ghrelin is the stimulation of appetite, via the activation of 
orexigenic hypothalamic neurocircuits, which results in an 
increase in body weight and adiposity. Upon fasting, hypo-
glycemia, or fat depletion, ghrelin is secreted into the circu-
lation, transported across the blood–brain barrier, and binds 
to neurons in the hypothalamus and extra-hypothalamic 
regions, as well as in metabolic organs, resulting in a stimu-
lation via diverse pathways of appetite and initiation of food 
intake [9]. Ghrelin’s metabolic effects have received increas-
ing interest since pharmacological modulation of ghrelin 
signaling was found to be a potential therapeutic strategy 
to fight against diabesity and insulin resistance. Ghrelin has 
been proven to suppress insulin secretion [16, 17], to impair 
insulin sensitivity in healthy humans [18, 19], to reduce 
glycogen genesis and activate gluconeogenesis in the liver 
[20], and to stimulate glucose output from hepatocytes [21]. 
Mice deficient in ghrelin or in its receptor show a better 
glucose tolerance and insulin sensitivity [22, 23]. However, 

GHS-R1a antagonists enhance insulin secretion and improve 
glucose tolerance in diet-induced or genetically manipulated 
obese animals [24, 25]. Ghrelin has been proven to enhance 
adipogenesis, to augment fat storage enzyme activity, to 
increase white adipose tissue mass in selective abdominal 
depots (retroperitoneal and inguinal), and to reduce fat uti-
lization/lipolysis [26–28]. In reality, the biological effects 
might vary according to the ghrelin isoform; the two iso-
forms exert either analogous or antagonist effects. Both AG 
and DAG induced cell survival and protected against apop-
tosis in animal and human pancreatic β-cells [29]. However, 
AG-induced suppression of insulin secretion and hypergly-
cemia are prevented by co-administration of DAG [18]. 
DAG was shown to improve insulin sensitivity [30], to pro-
mote β-cell survival and to prevent streptozotocin-induced 
β-cell damage [31]. AG stimulates whereas DAG inhibits 
glucose output from hepatocytes [21]. Both isoforms seem 
to stimulate lipid accumulation in human visceral adipocytes 
[32]. However, they exert opposing effects on medium-chain 
fatty acid uptake; DAG increases the uptake whereas neither 
AG alone nor in combination with DAG does so [33].

Ghrelin production is regulated by hormones, neuro-
transmitters, lipid mediators, and diverse metabolites [9]. Its 
secretion is entrained to habitual eating patterns in humans. 
Circulating levels peak before feeding, drop thereafter in 
parallel with ingested energy, and then decline post-pran-
dially [34]. Not only food per se, but also its composition, 
influences secretion. Exposure to high glucose or long-chain 
fatty acids suppresses [35], whereas specific amino acids 
(e.g., alanine, phenylalanine, glutamate) [36] stimulate, 
ghrelin release. The autonomic nervous system is another 
regulator of ghrelin secretion. The activation of sympathetic 
nerves and cholinergic agonists stimulates, while adrener-
gic and cholinergic antagonists suppress, ghrelin secretion 
[37–39]. Circulating ghrelin levels are influenced by body 
composition and metabolism, which modulate production 
as well as distribution of isoforms. Circulating ghrelin con-
centrations negatively correlate with body mass index, being 
lower in obesity and higher in emaciation [40, 41]. Obesity 
is associated with decreased levels of DAG and increased 
or normal levels of AG [20, 32]. Plasma insulin and the 
homeostasis model assessment of insulin resistance index 
(HOMA-IR) correlate negatively with DAG, but positively 
with AG and AG:DAG ratio [20, 32].

Physical exercise is undoubtedly beneficial for health. 
However, the mechanisms that mediate its positive effects 
are not fully understood. Since both ghrelin and exercise 
have an impact on body composition, energy homeostasis, 
and glucose and lipid metabolism, interest has developed 
in investigating how physical exercise affects ghrelin secre-
tion. Numerous studies investigated how ghrelin production 
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is affected by acute and chronic exercise. The research has 
yielded inconsistent data, with an increase, a decrease, or no 
change in circulating ghrelin levels reported in response to 
acute or chronic exercise. Few previous reviews have sum-
marized available data attempting to clear up the effects of 
exercise/training on ghrelin secretion [42–44]. They pro-
vided evidence suggesting that acute exercise transiently 
suppresses AG production while chronic exercise seems 
not to influence ghrelin levels independently of weight loss. 
However, an indisputable response could not be obtained 
due to the sparseness of data and the inconsistency of 
study results. On the other hand, previous reviews were not 
systematic and somewhat old, with the latest dating back 
7 years. Since then, more studies have addressed the topic 
and further data on the subject have become available. In 
this context, we undertook a systematic literature review for 
an updated viewpoint on the effect of exercise/training on 
ghrelin production. Our purpose was to recognize how exer-
cise affects ghrelin isoforms production and how potential 
changes affect the metabolic risk, and ultimately identify 
potential characteristics of individuals and exercise that are 
associated with healthy ghrelin change.

2 � Methods

A comprehensive systematic review was conducted and 
reported according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guidelines 
[45]. Studies eligible for inclusion were those investigating 
the effect of acute and chronic physical exercise on circulat-
ing ghrelin levels in humans.

2.1 � Eligibility Criteria

Studies were included if they satisfy the following crite-
ria: (1) published in English in a peer-reviewed journal; (2) 
involved participants whatever their sex, age, body composi-
tion, physical fitness, and health status; (3) applied physical 
exercise intervention alone or combined with other inter-
vention; (4) used acute or chronic exercise of different type, 
intensity, and duration; and (4) included at least two meas-
urements (pre- and post-exercise/training) of ghrelin what-
ever the form detected. Studies were excluded if they: (1) did 
not meet the requirements of an experimental study design 
(e.g., reviews, case-reports, comments, opinions, editorials); 
(2) applied intervention with no physical exercise; (3) lacked 
information regarding exercise/training characteristics (e.g., 
type, intensity, frequency, duration); (4) used exogenous 
ghrelin administration; or (5) involved animals.

2.2 � Literature Search Strategy

Literature searches were conducted in PubMed and SPORT-
Discus databases from inception up to December 2020. The 
following key terms were included and combined using the 
operators “AND”, “OR”: (“ghrelin” OR “appetite-related 
peptides” OR “gastrointestinal peptides” OR “gastrointesti-
nal hormones”) AND (“exercise” OR “acute exercise” OR 
“chronic exercise” OR “training” OR “physical activity”). 
Further relevant studies were detected among the reference 
lists of the identified full-text papers, as well as through a 
search in similar articles and citations (PubMed database). 
Due to the large heterogeneity of included studies in terms 
of participants and exercise characteristics and the form of 
ghrelin detected, a systematic review and not a meta-analysis 
was performed.

2.3 � Study Selection

Titles identified using the literature search described above 
were independently screened by two authors (NO and MF) 
based on inclusion and exclusion criteria. Citations with 
potential relevance were screened at the abstract level. When 
abstracts indicated potential inclusion, full-text articles were 
reviewed. For each eligible study, relevant information was 
extracted including sample size, participant characteristics 
(i.e., sex, age class, body mass phenotype, level of fitness/
training, health condition), exercise modality (i.e., acute, 
chronic), type (i.e., aerobic, resistance, intermittent, com-
bined), intensity (i.e., moderate, intense) and duration, and 
analytical characteristics (i.e., ghrelin form detected, method 
of analysis, precision). The main outcome was the amount 
and direction of circulating ghrelin change. Changes in cir-
culating GH and in body weight/body fat were also extracted 
when available. Any disagreement between the two authors 
in the selection of studies or the extracted data was resolved 
by discussion and consensus among all authors.

3 � Results

3.1 � Selected Studies

The literature search identified 840 records. After screen-
ing of titles, abstracts, and full texts, 80 relevant studies 
[46–125] were identified and included in the final analysis 
(Fig. 1). A summary of study characteristics and findings by 
exercise mode (acute or chronic) and duration (short-, long- 
or very long-term) is presented in Tables 1 and 2.  
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3.2 � Participant Characteristics

Several studies included more than one arm, in which 
participants differed by sex, age class, body composition, 
training level, or applied exercise. Most studies (n = 57) 
were conducted in youth/young adults while 13, seven, and 
three studies were conducted in adults, elderly subjects, 
and children, respectively. Most studies (n = 41) involved 
males while 16 studies involved females only, and 23 studies 
involved individuals of both sexes. Participants were nor-
mal weight people in 46 studies, overweight/obese people 
in 28 studies, and both groups in two studies. Five studies 
involved clinical populations, including GH-deficient [46], 
hemodialysis [55, 124], and metabolic syndrome [103, 111] 
patients. Regarding fitness/training level, 33 studies involved 
inactive untrained subjects, 23 studies involved mildly to 
moderately active subjects, and 24 studies involved well-
trained athletes. The sample size was particularly variable 
from five to 524 participants, with 77.2% of studies involv-
ing less than 30 participants.

3.3 � Exercise Characteristics

Among the 80 included studies, 51 studies investigated the 
ghrelin response to acute exercise, 28 studies examined the 
response to chronic exercise, and one study investigated 
the response to both acute and chronic exercise [79]. There 
was a high heterogeneity of studies in term of exercise/
training type, intensity, frequency, and duration. Several 
studies used more than one type, intensity, or duration of 
exercise. Acute exercise studies used either aerobic (n = 37), 
resistance (n = 6), intermittent (n = 7), or combined (n = 6) 
exercise. Regarding duration, 26, 14 and 11 studies used 
short-term (< 60 min), long-term (≥ 60 min), and very-
long term (≥ 90 min) exercise, respectively. Chronic exer-
cise studies used either aerobic (n = 17), resistance (n = 3), 
combined (n = 8), or intermittent (n = 1) training programs. 
Most of these studies (n = 20) applied a long-term program 
(≥ 12 weeks) whereas six and three studies used a short-
term (< 12 weeks) or very long-term (> 48 weeks) train-
ing program, respectively. In most acute or chronic exercise 
studies, the exercise was of moderate intensity. Some studies 

Fig. 1   PRISMA (Preferred 
Reporting Items for Systematic 
reviews and Meta-Analysis) 
flow diagram of included stud-
ies
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combined physical training with other interventions such 
as diet intervention [104, 122, 123] or intragastric balloon 
placement [116].

3.4 � Analytical Characteristics

Almost all studies measured one form of ghrelin while 
three studies measured more than one form [54, 78, 82]. 
Thirty-nine studies measured “total ghrelin (TG)/ghrelin”, 
37 studies measured “acyl/active ghrelin”, and five studies 
measured DAG. In all studies, the measure was performed 
using high-quality immunoassay methods, generally with 
accurate precision.

3.5 � Response of Ghrelin According to Exercise Mode

3.5.1 � Response to Acute Exercise

Of the 25 studies that examined TG/ghrelin, most studies 
(n = 15) showed no change in circulating levels. These stud-
ies involved trained [47–50, 72–74, 79, 83] or untrained [46, 
74], normal weight or overweight/obese [51, 53, 57] indi-
viduals, and one study involved both healthy subjects and 
GH-deficient patients [46]. A lack of ghrelin change was 
noted with short-term, long-term, or very long-term exer-
cise of aerobic [46–51, 57, 69, 72, 74, 79, 83], resistance 
[53], combined [79], or intermittent [73] type. Five studies 
showed a decrease in trained [60, 74, 91] or untrained [59], 
normal weight or overweight/obese [69] individuals follow-
ing short- or long-term aerobic [60, 74], resistance [91] or 
intermittent [59, 69] exercise. Finally, five studies involving 
active subjects showed an increase in TG following short-
term [50, 71] or very long-term [94–96] moderate-intensity 
aerobic exercise.

Thirty-six studies explored the effect of acute exercise 
by measuring AG. Most of these studies (n = 24) showed a 
significant decrease in circulating levels in participants with 
exercise of different types, intensities and durations [56, 58, 
61–68, 70, 78, 80, 81, 84–90, 92, 93]. AG showed no signifi-
cant change in nine studies involving either normal weight 
active individuals [58, 76, 77], inactive obese individuals 
[52, 56, 80], both lean and obese subjects [75, 82] or hemo-
dialysis patients [55] following aerobic [52, 58, 75–77, 80, 
82], resistance [55], or combined [56] exercise. Finally, three 
studies in either healthy active or inactive obese individuals 
showed an increase in AG after moderate-intensity aerobic 
[54, 75] or high-intensity resistance [97] exercise.

Response of DAG to acute exercise was investigated in 
only three studies. All these studies showed no significant 
change in circulating levels following moderate-intensity 
aerobic exercise in healthy normal weight [78] and inactive 
overweight/obese [81, 82] young adults. Among 16 acute 
exercise studies that included a GH measurement, 13 studies Ta
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showed increased GH levels. However, three studies showed 
no variation in GH levels following acute exercise [46, 71, 
97].

3.5.2 � Response to Chronic Exercise

Of 21 chronic exercise studies that measured TG/ghrelin, 
two-thirds of studies showed an increase in circulating lev-
els. The latter studies included children [104, 114], youth/
young adults [112, 118, 122], adults [115, 116, 121, 125], or 
seniors [103, 113, 120, 123], who were either active normal 
weight [112, 120, 122] or inactive overweight/obese [103, 
104, 113–116, 118, 121, 123, 125] individuals. The training 
was based on moderate- or high-intensity aerobic [112–116, 
123], resistance [122], combined [103, 104, 120, 121, 125] 
or intermittent [118] exercise. An increase in ghrelin was 
mostly observed among physically inactive overweight/
obese rather than in normal weight individuals and with 
long-term than short-term training programs. Five studies 
showed no change in circulating TG in moderately [99] or 
highly trained [98] subjects or inactive obese subjects [106, 
108, 110] with aerobic [98, 106, 108, 110] or resistance [99] 
training programs of various durations. Finally, three stud-
ies involving well-trained young adults showed a decrease 
in TG levels following either short-term [101] or long-term 
[79] aerobic or short-term combined [102] exercise training.

AG was measured in ten studies using chronic exercise. 
Among these, three studies involving inactive or mildly 
active adults showed an increase in circulating levels follow-
ing long-term moderate-intensity aerobic training [106, 119, 
124]. Four studies showed no change in AG in either normal 
weight [100, 109] or overweight/obese [105, 107] subjects 
who underwent short-term [100] or long-term [105, 107, 
109] moderate-intensity aerobic training programs. Three 
studies involving active normal weight [109] or obese [108, 
111] individuals showed a decrease in AG with long-term or 
very long-term [108, 109, 111] moderate-intensity aerobic 
training.

Only two chronic exercise studies measured the 
deacylated form [111, 117]. DAG was significantly increased 
in active young adults undergoing a long-term combined 
training program [117], and in overweight/obese adults/
elderly participating in a very long-term moderate-intensity 
aerobic training (yoga exercise) [111]. In almost all chronic 
exercise studies (n = 27), the training program resulted in a 
significant decrease in body mass/fat. However, some stud-
ies showed no significant body composition change with the 
training program [79, 98–100, 107, 109, 120, 124].

4 � Discussion

Despite numerous experimental and clinical data, the 
response of ghrelin to exercise has remained inconclusive. 
In this review, we summarized the currently available data 
aiming at advancing our knowledge on the topic. The search 
identified a high number of relevant studies (n = 80), which 
reported changes in circulating ghrelin levels with physical 
exercise as an outcome measure. The current review revealed 
large differences between studies in terms of participants’ 
characteristics, exercise protocols, and measured ghrelin 
forms. This high variability led to a challenging interpreta-
tion of the outcomes. Data were inconsistent, with reports 
showing increased, decreased, or unchanged circulating 
ghrelin levels with acute or chronic exercise. Since previous 
research revealed different responses with ghrelin to acute 
and chronic exercise and distinct physiological actions and 
possibly regulation pathways of ghrelin isoforms (i.e., AG 
and DAG) [3, 11–13, 42–44], the changes were examined 
by exercise modality (acute or chronic) and ghrelin isoform 
(AG, DAG or TG).

Among acute exercise studies, more than two-thirds of 
the studies measuring TG showed no significant change in 
circulating levels. However, AG levels were significantly 
decreased in 80% of the studies detecting this form. The 
suppression of AG was thought to be transient [76–78, 84, 
85], but a recent powered analysis of pooled data demon-
strated that acute exercise robustly suppresses circulating 
AG, which remains suppressed for several hours beyond the 
end of exercise [126]. The mechanisms underlining the exer-
cise-induced suppression or stability of ghrelin are unclear. 
They reflect processes interfering with ghrelin synthesis via 
the modulation of GOAT or esterase activities or with its 
secretion into the circulation [127–129]. AG might decrease 
in response to augmented sympathetic output and/or gastric 
mucosal ischemia resulting from redistribution of blood flow 
from the splanchnic circulation towards the skeletal muscles 
during exercise [130]. It was also suggested that exercise-
induced GH secretion exerts negative feedback on ghrelin 
production [42]. Most included studies reporting AG sup-
pression did not include GH measurement. Only two of these 
studies showed an increase in GH following acute exercise 
[64, 78]. Further research is needed to further clarify these 
mechanisms.

Overall, despite discrepancies between the studies, the 
current review suggests that acute exercise suppresses AG 
while not altering TG production. However, no clear rela-
tionship has emerged between ghrelin changes, whatever 
the form measured, and age class, body composition, and 
physical aptitude of participants as well as exercise type, 
intensity, and duration. These findings disagree with previ-
ous studies and reviews suggesting that exercise intensity 
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might influence AG production [44, 63, 65, 76, 77, 88]. The 
physiological relevance of AG suppression is uncertain. 
Although AG is proven to stimulate appetite and energy 
intake, changes in circulating AG with exercise were not 
strongly linked to changes in energy intake [84, 88, 92]. 
Other physiological or psychological factors likely have a 
greater effect on energy intake/food preference [44].

The review provided evidence that chronic exercise 
increases circulating TG and DAG production. Up to three-
quarters of long-term training program studies showed an 
increase in circulating TG levels. A change in DAG fol-
lowing chronic exercise programs was rarely explored. The 
two studies that measured this isoform showed increased 
circulating levels with a long-term training program [111, 
117]. The increases occurred especially in inactive over-
weight/obese people. Unlike TG and DAG, circulating AG 
levels were often unchanged or decreased. Assuming that 
DAG is the predominant form of ghrelin [3–5], with most 
studies showing no change in AG with chronic exercise, 
the increase in TG likely relates to the deacylated isoform. 
Yu et al. [117] examined the effects of a 1-year program of 
aerobic exercise training on both isoforms in obese subjects 
with metabolic syndrome. The program resulted in weight 
loss with an increase in DAG levels (+ 14% vs. − 27% in 
controls) while AG was significantly suppressed (− 33% vs. 
− 7% in controls).

The increase in TG/DAG associated with training pro-
grams was generally associated with weight loss [103, 104, 
111, 113–118, 121, 123, 125]. So, whether the increase 
results from weight loss or from exercise per se is uncer-
tain. However, TG levels were not increased when the 
training programs resulted in no weight loss [98–100, 107, 
109]. Moreover, ghrelin levels changes are tightly correlated 
with changes in body mass/body fat [112, 113], which sug-
gests that increases in TG or DAG are likely due to weight 
loss. In support of this hypothesis, the increases have been 
mostly seen in overweight/obese individuals and following 
long-term training programs. Weight loss is indeed more 
likely to occur in obese than normal weight people and in 
long-term rather than short-term training programs. Inter-
estingly, Leidy et al. [112], Foster-Schubert et al. [113], 
and Kim et al. [122], investigating the combined effects 
of chronic exercise and diet, showed that TG levels only 
increase in participants who experienced significant weight 
loss. Conversely, training without significant weight loss has 
no impact on TG. However, other chronic exercise studies 
reported unchanged [108, 120, 121] or decreased [101, 102] 
circulating TG levels despite weight loss occurring. How 
changes in body mass/fat impact on circulating ghrelin is not 
fully understood. The changes might be due to alterations in 
leptin and insulin metabolism associated with weight loss. 
Since leptin exerts an inhibitory effect on ghrelin produc-
tion [131], weight loss-induced decrease in leptin secretion 

results in increased ghrelin production. Accordingly, ghrelin 
was found to negatively correlate with leptin [132] and insu-
lin resistance [133].

The current review failed to identify groups of individu-
als or types of exercise that are specifically associated with 
changes in circulating ghrelin. However, it suggests that 
prolonged high-intensity acute exercise is more effective in 
suppressing AG. Such exercise induces a sharper increase 
in sympathetic output and a more pronounced splanchnic 
ischemia. The review also provided evidence that long-term 
training is prone to increase total and des-acyl ghrelin pro-
duction in overweight/obese people. This form of chronic 
exercise is more efficient in reducing body mass/fat, espe-
cially in obese people.

The two isoforms of ghrelin were proven to exert oppos-
ing effects on glucose and lipid metabolism and to contrarily 
correlate with body mass/fat [11, 13]. AG suppresses insulin 
secretion and stimulates glucose output from hepatocytes, 
while DAG exerts the opposite effects [18, 21, 22], and 
promotes β-cell survival and improves insulin sensitivity 
[30, 31]. Furthermore, obesity is associated with decreased 
levels of DAG and increased or normal levels of AG [20, 
32]. Accordingly, high circulating AG levels are supposed 
to reflect increased metabolic risk, while high DAG levels 
and a low AG:DAG ratio would reflect low metabolic risk. 
Therefore, observed changes in circulating ghrelin, i.e., 
decrease in AG with acute exercise and increase in TG/DAG 
with long-term training, could be regarded as metabolically 
beneficial.

The current review included numerous studies covering 
existing literature and current knowledge in the field. This 
abundance of literature can be regarded as a strength since 
it would elicit an advance in the understanding of the impact 
of physical exercise on ghrelin pathways. Nevertheless, the 
high variability of the studies in terms of participants and 
exercise characteristics and ghrelin isoforms led to incon-
sistent results, making it difficult to draw firm conclusions. 
Studies involved children, youths, adults, or seniors who 
were either healthy normal weight or overweight/obese 
individuals or ill patients. Participants were physically inac-
tive, mildly to moderately active, or highly-trained athletes. 
Physical intervention consisted of aerobic, resistance, inter-
mittent, or combined exercise, of moderate- or high-intensity 
and variable durations. In some studies, physical exercise 
was combined with another intervention, especially diet. 
Another important source of variability was the impact of 
food intake on ghrelin levels. Participants exercised either in 
fasted or fed states with pre-exercise meals varying in caloric 
content, macronutrient composition, and the time at which 
they were provided. Diverse combinations of these factors 
and differences in body composition, food intake, sample 
collection/processing, timing of blood draw versus eating 
and exercising, and assay procedure may have influenced 
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the results, making it difficult to compare outcomes of dif-
ferent studies.

By increasing permeability and hydrostatic pressure, 
acute exercise induces shifts of plasma water to the extravas-
cular space. This causes false changes in ghrelin levels, 
which could confound the specific effect of exercise. Several 
studies in this review did not adjust for plasma volume shifts, 
which could have prevented an accurate estimate of ghrelin 
change. Since plasma shift normally causes an increase, not 
a decrease, in levels, AG decrease in most acute exercise 
studies is likely independent of these changes. Some stud-
ies did not implement a non-exercise control group, making 
it impossible to determine whether outcomes were solely 
related to exercise. Finally, small sample sizes in several 
studies and large between-individual variation in ghrelin 
levels may have underpowered some studies and prevented 
recognition of significant effects.

Unlike previous reviews, the current review is systematic, 
exhaustive, and not selective. It offers a comprehensive up-
to-date view on the topic. Although the findings broadly 
agree with previous reviews, the review does present some 
novelties. It establishes that AG suppression persists beyond 
the end of acute exercise and is independent of exercise 
intensity, contrary to what has been assumed previously. It 
claims that increases in TG and DAG with chronic exer-
cise are more noticeable in overweight/obese people and 
wih long-term programs. Novelties include the response of 
DAG to exercise, which was proven to increase with chronic 
but not acute exercise. Finally, the review findings allowed 
prediction of potentially beneficial ghrelin changes.

5 � Conclusions

The present review revealed a high variability in studies in 
terms of participants and exercise characteristics, as well as 
other factors, such as food intake, that could affect ghrelin 
level outcomes. This makes it challenging to interpret the 
data. However, the review provides evidence that acute exer-
cise suppresses AG regardless of participants and exercise 
characteristics. The suppression, initially considered as tran-
sient, seems to persist beyond the end of exercise. The mech-
anisms responsible for the change remain hypothetical. Their 
relevance is unclear since the effect on appetite and energy 
intake seems to be absent or modest. The review suggests 
that chronic exercise is rather associated with increased pro-
duction of TG and DAG, especially with prolonged exercise 
training programs and among overweight/obese individuals. 
These changes are likely due to weight loss rather than exer-
cise per se. Predominant ghrelin changes (i.e., decreased AG 
and increased TG/DAG) are expected to reduce metabolic 
risk since they are supposed to reduce energy intake and fat 
accumulation, and enhance insulin secretion and sensitivity. 

Nevertheless, the results should be considered with caution 
given a great variability in the literature data and meth-
odological limitations in some studies. Further research is 
needed for a better understanding of the effects of physi-
cal exercise on ghrelin production and metabolism. Future 
well-controlled trials should involve homogeneous groups 
of participants and use well-defined physical interventions 
while measuring the two isoforms of ghrelin.
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