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Effect of long-term exercise on
circulating ghrelin in overweight
and obese individuals: a
systematic review and
meta-analysis

Xianyang Xin, Hai Wang, Yongqing Guo and Jun Xie*

Capital University of Physical Education and Sports, Beijing, China

Objective: Ghrelin, also known as the "hunger hormone,” is a pivotal hormone
in controlling appetite, and it is the only known gastrointestinal hormone that
promotes food intake, contributing to the regulation of energy balance and
body weight. However, studies on the long-term effects of exercise on ghrelin
levels in obese populations have shown conflicting results. This study aims to
summarize RCT experiments exploring changes in ghrelin levels following long-
term exercise in obese or overweight individuals through meta-analysis.

Methods: This study employed meta-analytical techniques, searching databases
such as PubMed, Web of Science, and EMBASE, to gather research on exercise
and ghrelin. The quality of the studies was assessed according to the Cochrane
Handbook standards, and dataanalysis for ghrelin, BMI,and weight was performed
using RevMan 5.4 and Stata 16.0 software. A total of 13 interventions involving
944 participants were included to systematically investigate the regulatory
effects of exercise on ghrelin levels in obese and overweight individuals. Meta-
analytical results were calculated using standardized mean differences (SMDs).

Results: Exercise interventions significantly increased ghrelin levels (SMD
=1.16, 95% CI = 0.52 to 1.80, p < 0.0001), with high inter-study heterogeneity
(7 =90%). Subgroup analysis suggested that RT and AE + RT were more
effective than AE. For BMI, exercise led to a significant reduction (SMD = —043,
95% Cl = —=0.69 to —0.16, p = 0.002), with low heterogeneity (1> = 21%). Similarly,
exercise significantly reduced weight (SMD = —0.54, 95% Cl = —0.98 to —-0.11,
p = 0.01), though with high heterogeneity (> = 75%). These results suggest
exercise effectively improves ghrelin levels, BMI, and weight.

Conclusion: Prolonged exercise interventions demonstrated a statistically
significant effect on ghrelin levels. This indicates that exercise interventions
can elevate ghrelin levels, which may be associated with reductions in BMI and
weight.

Systematic review registration:  https://www.crd.york.ac.uk/prospero/,
CRD42024588259.
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1 Introduction

Obesity is recognized as a chronic metabolic disease, with a
prevalence that continues to rise globally (1). It increases the risk of
cancers, metabolic diseases, and musculoskeletal disorders (2). The
latest forecasts by the World Health Organization predict that by 2030,
approximately 60% of the global population will be obese or
overweight, underscoring the need for innovative treatment
approaches (3, 4). Obesity results from an imbalance in the energy
balance system, where energy intake from food exceeds energy
expenditure (5). The regulation of energy balance and body weight is
a complex process influenced by factors such as physical activity,
dietary intake, neural, endocrine, and metabolic influences.

Exercise increases energy expenditure (6). Although endurance
exercise is widely recommended for weight control (7, 8), the
outcomes have been disappointing (9). Reports suggest that weight
changes in obese and overweight subjects are below the predicted
values based on stipulated energy expenditure (10), partly due to
compensatory increases in energy intake (11, 12). Exercise, while
beneficial for increasing energy expenditure, has also been shown to
influence appetite and overall energy consumption (13, 14). Some
researchers have demonstrated that prolonged exercise training may
increase the drive to eat when fasting (15-18). Thus, appetite is one of
the most influential factors in energy balance, with its regulation
playing a crucial role in controlling energy equilibrium (19). Ghrelin,
secreted by the gastrointestinal system during hunger, is the only
known gut hormone that stimulates appetite (orexigenic properties)
and is involved in regulating energy and body weight balance (10).
The compensatory metabolic changes during weight loss, including
increases in ghrelin, are considered reasons for weight regain and the
difficulty in maintaining long-term weight loss effects. Meanwhile,
many studies have shown that fasting plasma ghrelin levels are
significantly lower in obese subjects than non-obese ones (20-22).
Ghrelin’s circulation correlates positively with body weight (23)
(higher levels with lower weight) and typically responds
compensatorily to weight changes (increases when weight decreases;
decreases when weight increases) (13, 14). Long-term exercise in
obese populations not only directly increases energy expenditure and
reduces weight but also impacts appetite and energy intake, potentially
inducing increases in appetite and energy intake, leading to weight
changes in obese and overweight subjects that are lower than
predicted, even causing weight regain after dieting (24-27). Therefore,
exploring the mechanisms of how physical exercise affects eating
behaviors in obese populations is crucial for weight loss and reduction.

While intuitively exercise may appear to increase appetite and
energy intake, the connection between exercise and appetite is
intricate. There is still significant controversy regarding the long-term
effects of exercise on ghrelin levels in different populations. Various
studies have observed that long-term exercise can lead to an increase
(28, 29), a decrease (30-33), or no change (34, 35) in ghrelin levels.
The research results are similarly contradictory among obese
populations. For instance, a study conducted a 4-week high-intensity
interval and sustained exercise intervention on 15 men, showed no
significant differences in ghrelin levels pre- and post-exercise (36),
with levels tending to decrease. Similarly, a study observed no
significant changes in ghrelin levels after an 8-week aerobic exercise
intervention (37). A study had participants engage in endurance
training, increasing their energy expenditure by 300 kcal/day (MOD

Frontiers in Nutrition

10.3389/fnut.2025.1518143

group) or 600 kcal/day (HIGH group); both groups observed an
increase in ghrelin post-exercise intervention (MOD: p = 0.036;
HIGH: p =0.027) (38). Current reviews have failed to pinpoint
specific populations or types of exercise that are definitively related to
changes in circulating ghrelin (39). Previous narrative reviews have
suggested that chronic exercise does not affect ghrelin concentrations
and is unrelated to weight loss (40, 41). One review argued that
exercise training elevates sensations of fasting hunger and post-meal
satiety while also enhancing the relationship between energy
expenditure and energy intake, allowing energy expenditure to adjust
in response to food consumption (25). Long-term training tends to
increase total and acylated ghrelin secretion in overweight/obese
individuals (21, 42, 43), a form of long-term exercise that can more
effectively reduce body weight/fat, especially in obese individuals (43,
44). Many studies also suggest that weight loss is the primary driver
of changes in ghrelin levels (21, 29, 45, 46). However, some studies
show that while weight may decrease, total circulating ghrelin levels
do not change (29, 47-50) or decrease (31, 51). A systematic review
has found that both normal-weight and obese patients experience
increases in ghrelin levels due to weight loss and suggests that altering
this weight-regulating hormone is a compensatory strategy to
maintain weight stability (52), but no meta-analysis has yet confirmed
this perspective. A meta-analysis targeting diabetic patients indicated
that physical exercise had no significant change in ghrelin levels (53).
A recent meta-analysis also stated that exercise training programs for
overweight and obese patients did not affect total ghrelin levels, and
due to the inclusion of other appetite hormone data for BMI and
weight, it did not definitively explore the relationship between weight
or body mass index changes and ghrelin (54).

Thus, these experimental results and narrative studies are highly
controversial. The systematic review and meta-analysis aim to quantify
the effects of long-term exercise training (duration >4 weeks) on
ghrelin in overweight and obese adults and include only studies on the
ghrelin hormone with BMI and weight data to analyze the
relationships among changes in ghrelin, BMI, and weight, thereby
filling an evidence-based gap.

2 Methods

This study was conducted following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (55).
The review is registered with PROSPERO under the ID
2024-CRD42024588259.!

2.1 Literature sources and retrieval

The literature search encompassed several databases: PubMed,
Web of Science (utilizing both free-text and MeSH terms), China
National Knowledge Infrastructure (CNKI), Wanfang Database,
MEDLINE, EMBASE, and Cochrane Library. The search took place
from 2020 to October 2024. To avoid missing eligible literature,
we examined the list of references for systematic reviews published in

1 https://www.crd.york.ac.uk/prospero/
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the last 3 years (39, 52, 54). This search spanned the last 20 years, using

»

keywords such as “ghrelin;

» <«

appetite,

» <« .

chronic exercise,” “exercise,’
« o L w« . s .
obesity,” “overweight,” “aerobic exercise,” “resistance exercise,” and

“combination exercise” to ensure thorough coverage.

2.2 Study selection

During the initial screening, all retrieved records are imported
into reference management software (EndNote, X9) to eliminate
duplicate records. The two researchers (XY and HW) then
independently screened the titles and abstracts to identify all
potentially relevant studies and supplemented any missing data by
contacting the authors. Studies that met the inclusion criteria were
independently identified and evaluated by the same two investigators
(XY and HW). Differences are resolved through discussion, with a
third expert (JX) consulted if necessary.

Study inclusion criteria were as follows: (1) peer-reviewed; (2)
English language; (3) human participants; (4) the study design had to
be a randomized controlled trial and had to have a blank control
group; (5) participants had to be obese or overweight; (6) the
intervention could include any type of exercise training; (7) the
control group does not perform the exercise intervention or minor
stretching exercises; (8) the study must report ghrelin; and (9) the
exercise interventions must have a duration of more than 4 weeks, as
evidence suggests that this duration is sufficient to achieve measurable
changes in body weight and body fat (56, 57). Study exclusion criteria
were as follows: (1) if they had a medical condition (diabetes,
hypertension, arthritis, etc.) or a special group (pregnant women,
post-surgery); (2) if multiple articles from the same study reported the
same or overlapping results, we included only the most recently
published article; and (3) if exercise interventions were combined with
diet or a hypoxic environment.

2.3 Data extraction

Data extraction was conducted independently by two researchers
(XY and YQ) using a self-designed statistical form based on the
Cochrane Handbook. The form included study characteristics (first
author’s name, year of publication, title, study design, and setting),
participant characteristics (sample size, mean age, and sex ratio),
interventions (type, frequency, intensity, duration per session, time of
intervention, and comparator information), and outcomes (relevant
statistics for the intervention endpoints used to estimate effect sizes,
such as mean, standard deviation, and corresponding measurement
instruments). When relevant statistics were incompletely reported,
we estimated the mean and standard deviation based on sample size,
median, extreme variance, and p-value according to the Cochrane
Handbook. When
encountered, we also performed unit conversions.

inconsistent units of measurement were

2.4 Quality assessment

In meta-analysis, using robust quality assessment methods is crucial
for determining whether the study designs and procedures in the
included literature adhere to scientific standards. This research adopted
the Cochrane criteria for evaluation, focusing on the risks associated
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with random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other potential biases. Each
element was thoroughly assessed and classified as high risk, low risk, or
unclear. This rigorous risk assessment process ensures the credibility of
the study and upholds the scientific integrity of the findings.

2.5 Statistical analysis

Data analysis was performed using Review Manager 5.4 (58) and
Stata 16.0 software. To account for variations across different
experiments, the effect size was expressed as the weighted mean
difference (WMD) with a 95% confidence interval. Heterogeneity was
assessed using the consistency coefficients P and I?. Due to statistical
heterogeneity among the study groups, but not clinical heterogeneity,
a random-effects model was applied. Sensitivity analysis was also
conducted to mitigate the impact of bias from individual studies on the
overall effect.

3 Results
3.1 Literature search results

A total of 1,346 articles were obtained from the database, along
with two additional articles identified through reference searches,
resulting in an initial retrieval of 1,348 articles. A total of 243 duplicate
studies were removed, leaving 1,105 studies for initial title and abstract
screening. Sixty-three studies underwent full-text screening, and after
the screening process, 8 articles with 13 interventions were ultimately
selected for inclusion (21, 22, 37, 38, 43, 59-61). Figure 1 illustrates
the literature selection process. The 10 eligible studies are descriptively
summarized in Table 1.

3.2 Quality assessment results

Eight research articles with 13 interventions were included in this
study. Each intervention was assessed based on Cochrane standards
as illustrated in Figures 2, 3. All 13 interventions were conducted
using a randomized control design” to ensure proper grammar and
to clearly convey that all 13 interventions utilized a randomized
control design (21, 22, 37, 38,43, 59-62). The assessment showed that
all included articles mentioned the generation of random sequences,
categorizing them as low risk. All studies performed concealed
allocation of random sequences. None of the articles went into detail
about double blindness between implementers and participants, and
six interventions explicitly mentioned an unblinded setting (59, 61,
62). In studies where the intervention included only two different
exercises or a single exercise, blinding was challenging to implement,
making it difficult to conceal the purpose of the study. Five studies
reported participant withdrawals (22, 38, 43, 59, 60). Three studies
had withdrawals unrelated to the experimental intervention, with a
withdrawal rate of less than 20% (22, 38, 43), so they were considered
low-risk studies. Two articles had more than 20% interruptions and
were classified as high risk (59, 60). All articles were free from
selective reporting and other biases and thus were categorized as
low risk.
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|
L
°©
—
3| Excluded (duplicate report) (n=243)
-
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Excluded based on review of title and/orabstract (1042)
« Lack of exercise intervention(n=689)
go « Not obese or overweight(n=144)
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g « Nonrandomized trials(n=31)
2 « Chronic illness or take medications (n=50)
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“| « Animal Experiments(n=20)
-
( \ N
Records screened(n=63) Excluded based on original article (55)
2 « Necessary data not provided or in Figures(n=35)
:i « Not obese or overweight(n=6)
E « Lack of exercise intervention(n=10)
M « Duration less than 4 weeks(n=1)
« Outcome is the AUC of the hormone(n=3)
-
T
B . o
'g Studies included in review and
T‘__J, meta-analysis(RCTs)(n=8)
—
-
FIGURE 1
Flowchart of the studies selection process.

Note:

1 Generation of random sequences (selection bias);
2 Allocation concealment (selection bias);

3 Double-blinding of implementers and participants
(implementation bias);

4 Blinding in outcome assessment (detection bias);

5 Incomplete outcome data (attrition bias);

6 Selective reporting (reporting bias);

7 Other biases (excluding other important biases from the biases

mentioned above).

3.3 Basic characteristics of the included
studies

This meta-analysis included 8 articles and 13 interventions, as
detailed in Tables 1, 2. All of the articles were published in English-
language journals, covering the period from 2005 to 2022. The studies
included a total of 643 participants ranging in age from 2 to
72.81 years, with only one study <18 years of age. The participants
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mainly exhibited high levels of body fat, indicating characteristics of
obesity and overweight. For the children in the study (60), their weight
had to be at or above the 85th percentile of the body mass index (BMI)
value in the growth chart for Korean children aged 2-18 years; the
remaining articles had a BMI of 26.1 to 34.3 kg.m™2.

All included studies had an intervention duration of more than
4 weeks, and intervention duration ranged from 7 to 48 weeks. The
meta-analysis included three forms of exercise in the studies, aerobic
exercise, resistance exercise, and a combination of aerobic and
resistance exercise. The meta-analysis primarily investigated the
effects of chronic exercise on ghrelin, BMI, and weight, incorporating
13,11, and 11 studies, respectively. None of the interventions involved

diet or hypoxia.

3.4 Effects of the interventions on ghrelin,
BMI, and weight

3.4.1 Ghrelin
This study included 13 studies with 643 participants, finding that
exercise interventions significantly increased ghrelin levels
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TABLE 1 Overview of basic characteristics of included literature in meta-analysis.

Author

(publication
year)

Country

Research
14/ o]

Exercise

Exercise

Weight

Exercise

Control

Sex

Exercise

Control

Sample size

Exercise

Control

Ahmadi et al. (37) Iran RCT 69.13£3.6 69.20 £4.3 27.57+1.5 27.07 £ 1.1 NR NR Male Male 15 15
Rosenkilde et al.
(38)1) Denmark RCT 307 31+6 28.6+1.8 28.0+23 93.2+8.1 92.8+8.5 Male Male 21 18
Rosenkilde et al.
(9)2) Denmark RCT 28+5 31+6 276+ 1.4 28.0+23 913+72 92.8+8.5 Male Male 22 18
38
Maleki and
Iran RCT 30-45 30-45 30+2.8 31.7+4.1 77.31£6.1 76.7 £12.3 Female Female 8 8
Safarzade (62),
Kangetal. (21) Korea RCT 50.15 + 3.82 49.84 +£2.96 31.8+3.2 304+23 82.7+104 77.2+9.6 Female Female 13 13
Mason et al. (22) United States RCT 5774+ 4.4 58.1+5 30.7+3.9 30.7+3.7 842+ 125 83.7+12.3 Female Female 105 80
Foster-Schubert
L (43) United States RCT 60.7 £ 6.7 60.6 £6.8 30.4+4.1 30.5+3.7 81.4 +14.1 81.7 £ 12.1 Female Female 83 85
etal. (43
Ataeinosrat et al.
(59)(1) Iran RCT 275+94 275+94 324+14 329+14 929+28 93.8+2.0 Male Male 11 11
5
Ataeinosrat et al.
(592) Iran RCT 27.5+£94 27.5+94 33+1.2 329+14 924+19 93.8+2.0 Male Male 11 11
59
Ataeinosrat et al.
(590) Iran RCT 275+94 27.5+94 33.1+0.7 329+14 93.7+19 93.8 +2.0 Male Male 11 11
o)
Mageretal. (61)(1)  United States | RCT 60+7 60+7 335+3.1 324425 92.7+11.2 87.9+8.3 7/7(M/F) 8/10(M/F) 14 18
Mager et al. (61)(2) United States RCT 60 +7 607 328+22 324+25 97.7£12.9 87.9+83 10/5(M/F) 8/10(M/F) 15 18
Kim et al. (60) Korea RCT 2-18 2-18 25.7 £5.04 24.3 +0.42 58.3 +14.9 59.8+1.5 Boys Boys 8 9

Age in years, BMI in Kg/m’, weight: Kg, VO,,.,, maximal rate of oxygen consumption. BMI, body mass index; NR, not reported.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias) |
Blinding of outcome assessment (detection bias) |
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

[ Low risk of bias

[Junclear risk of bias

[l Hioh risk of bias

FIGURE 2
Proportional representation of risk of bias assessment in included trials.

(SMD =1.16, 95% CI=0.52-1.80, p<0.0001) but with high
heterogeneity (I* = 90%). Subgroup analysis showed that AE had no
significant effect on ghrelin (SMD = 0.13, 95% CI = —0.26-0.53,
p =0.50), while RE and AE + RE significantly increased ghrelin levels
[SMD = 4.09, 95% CI = 1.87-8.10, p = 0.002] and [SMD = 1.29, 95%
CI =0.62-1.96, p = 0.0002], respectively. Significant differences in
effects among exercise modalities suggest the need for further
standardized research to validate these findings (Figure 4).

3.4.2 BMI

This study included 11 studies with 299 participants, showing that
exercise interventions significantly reduced BMI (SMD = —0.43, 95%
CI =-0.69 to —0.16, p = 0.002) with low heterogeneity (I* = 21%).
Subgroup analysis found that AE had no significant effect on BMI
(SMD = —0.26, 95% CI = —0.63-0.12, p = 0.19), while RE significantly
reduced BMI (SMD = —0.68, 95% CI = —1.19--0.17, p = 0.009), and
AE + RE showed no significant effect (SMD = —0.38,95% CI = —0.99-
0.22, p = 0.22; Figure 5).

3.4.3 Weight

This study included 11 studies with 437 participants and
found that exercise interventions significantly reduced weight
(SMD = —0.54, 95% CI = —0.98--0.11, p = 0.01), but with high
heterogeneity (I” = 75%). Subgroup analysis showed that aerobic
exercise (AE) had no significant effect (SMD = —0.16, 95%
CI = —0.46-0.15, p = 0.32), while resistance exercise (RE) showed
a notable trend toward weight reduction (SMD = —1.07, 95%
CI = —-2.18-0.04, p = 0.06). Combined aerobic and resistance
exercise (AE + RE) did not show a significant effect (SMD = —0.47,
95% CI = —1.38-0.45, p = 0.31; Figure 6).

3.5 Publication bias and sensitivity analysis

The evaluation of publication bias in RevMan software is
presented through a funnel plot. In this study, funnel plots were
constructed with the standard error (logarithm of SMDs) on the
x-axis and the standard error of SMDs (SE(SMDs)) on the y-axis.
Funnel plots of the effects of exercise on ghrelin, BMI, and weight
are presented below. For ghrelin, the funnel plot shows a slightly
asymmetrical distribution (Figure 7). While many of the points
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are relatively centered, a few studies are scattered at the extremes,
suggesting the potential presence of publication bias. After
conducting sensitivity analysis, removing a few outlier studies did
not significantly alter the overall results, and the heterogeneity
remained high, and there was only a slight decrease in
heterogeneity after excluding one literature (62). This indicates
that the effects of exercise on ghrelin are still statistically
significant, and the initial findings are reliable. We hypothesize
that this is largely due to differences in how hormones are tested,
when exercise is stopped, and the duration of the fasting period.
For BMI (Figure 8), the funnel plot shows a fairly symmetrical
distribution, with the majority of the studies clustered closely
around the central line. There is no obvious sign of publication
bias as the points are evenly distributed on both sides of the mean
difference. After excluding certain smaller studies to test for bias,
the results remained unchanged, indicating that the effect of
exercise on BMI is robust and unaffected by potential bias. Weight
(Figure 9) shows more variability, with points scattered on both
sides of the graph, particularly at the lower end. This asymmetry
suggests possible publication bias, especially for studies with
larger standard errors. This is mainly due to the fact that some of
the eight articles included had the goal of reducing body weight,
whereas some did not require a change in the weight of the
subjects, all of which contributed to the discrepancies. In
conclusion, although some potential publication bias was
observed for ghrelin and weight, the sensitivity analyses confirmed
the robustness of the overall meta-analysis results for all three
indicators. The effect sizes for ghrelin, BMI, and weight remained
statistically significant, supporting the validity of the findings.

3.6 Meta-regression

The present study conducted a meta-regression analysis to
evaluate the effects of BMI changes and weight changes on ghrelin
levels. The number of included studies was relatively small, with 11
studies for both BMI and weight, and the heterogeneity was high
(BMLI: I* = 98.59%; weight: I* = 98.68%). Additionally, the R* values
of the models were low, suggesting limited explanatory power.
Therefore, caution is needed when interpreting and analyzing
the results.
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Schematic representation of risk of bias assessment for included trials.
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TABLE 2 Overview of research methodology design and outcome measures in included literature for meta-analysis.

Author Mode Frequency Intensity Duration Sample Test method @ Testtime Outcome
(publication source .
year) Exercise  Control
Intensi
v 24 h after the
Ahmadi et al. 60% ~ 85% of Measured using an 1Ghrelin <Ghrelin
AE 4/7, 50-60 min 8 weeks Plasma last training
37) maximum heart ELISA . |BMI <BMI
session
rate
Increase exercise measured
exertion by after an
300 kcal per day using overnight fast
< Ghrelin < Ghrelin
Rosenkilde et al. on top of Radioimmunoassay | on a separate
AE 717 7 weeks Plasma |BMI <BMI
(38)(1) individual with commercially day and have
| Weight —Weight
endurance available kits been
exercise described
prescription elsewhere
Increase exercise measured
exertion by after an
600 kcal per day Using overnight fast
< Ghrelin < Ghrelin
Rosenkilde et al. on top of radioimmunoassay on a separate
AE 717 7 weeks Plasma |BMI <BMI
(38)(2) individual with commercially day and have
| Weight < Weight
endurance available kits been
exercise described
prescription elsewhere
50% 1-RM Assessed by the
< Ghrelin < Ghrelin
Maleki and gradually enzyme-linked 72 h after the
RE 3/7 8 weeks Serum <BMI 1BMI
Safarzade (62) increased to immunosorbent last exercise
<~ Weight 1 Weight
80-85% 1-RM assay
setto 12-14,
based on the confirming 1Ghrelin | Ghrelin
Using a chemistry
Kangetal. (21) AE + RE 5/7,50 min rating of 12 weeks Serum " the fasting |BMI <BMI
analyzer
perceived 7 state for 8 h | Weight —Weight
exertion
Immune-reactive
serum ghrelin by requested not
60 70% to 70 85% < Ghrelin
Mason et al. (22) radioimmunoassay to exercise for
AE 5/7,45 min HR maximum 12 months Serum |BMI <Ghrelin
(1) using the Millipore the preceding
duration | Weight
total human ghrelin | 24h
assay
The training
program started
at 40% of the
maximal heart
rate for 16 min/
Uses a polyclonal Collected
session and
antibody raised morning
gradually
against full-length blood samples
Foster-Schubert increased to 1Ghrelin <Ghrelin
AE 5/7 12 months | Plasma acylated human before
etal. (43) 60-75% of the | Weight <~ Weight
ghrelin and breakfast after
maximal heart
125I-labeled ghrelin | a 12-h
rate for 45 min/
as a tracer overnight fast
session by week 8,
where it was
maintained for
the duration of
the study
(Continued)
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TABLE 2 (Continued)
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Author Mode Frequency Intensity Duration Sample Test method @ Testtime Outcome
(publication source .
year) Exercise  Control
using
At an intensity of standard
1Ghrelin < Ghrelin
Ataeinosrat et al. 50% of 1-RM, rest Measured using an procedures
RE 3/7,70 min 12 weeks Plasma <BMI —~BMI
(59)(1) for 30 s each ELISA following a
< Weight < Weight
exercise 12-h
overnight fast
using
at an intensity of standard
1Ghrelin <Ghrelin
Ataeinosrat et al. 50% of 1-RM, rest Measured using an procedures
RE 3/7,70 min 12 weeks Plasma <BMI ~BMI
(59)(2) for 15 s each ELISA following a
| Weight —Weight
exercise 12-h
overnight fast
using
at an intensity of
standard
50% of 1-RM, <Ghrelin
Ataeinosrat et al. Measured using an procedures 1Ghrelin | BMI
RE 3/7,70 min active rest with 12 weeks Plasma <BMI
(59)(3) ELISA following a | Weight
25% of 1-RM, 12-h <~ Weight
and 14 repetitions
overnight fast
overnight
Measured by RIA < Ghrelin | Ghrelin
Mager et al. (61) at 60-70% of fasting plasma
AE 3-4/7 33 weeks Plasma using a commercially <BMI <BMI
(1) 1-RM levels of
available kit < Weight < Weight
ghrelin
overnight
Measured by RIA <Ghrelin | Ghrelin
Mager etal. (61) at 55-65% of the fasting plasma
RE >4/7,30 min 33 weeks Plasma using a commercially <BMI <BMI
(2) maximum level levels of
available kit —Weight —Weight
ghrelin
as aerobic
exercise, was
Measured with a
performed two
commercial RIA kit
times a week
using 125I-labeled
(Monday and
bioactive ghrelin as a
Thursday) at 1Ghrelin < Ghrelin
tracer molecule and | aftera 12-h
Kim et al. (60) AE + RE 4/7 55-64% and 12 weeks Plasma <BMI <BMI
a polyclonal rabbit fast
65-75% of —Weight < Weight
antibody against
maximum heart
full-length
rate, resistance
octanoylated human
exercise for
ghrelin
50 min two times
a week

AE, aerobic exercise; RE, resistance exercise; AE + RE, aerobic exercise + resistance exercise; VO, maximal rate of oxygen consumption; BMI, body mass index; NR, not reported.

The results showed a negative association between BMI
changes and ghrelin levels (f=-1.71, 95% CI: —4.57-1.15,
p = 0.242), with a low explanatory power (R*> = 2.27%). Similarly,
weight changes also exhibited a negative trend with ghrelin levels
(f =—0.40, 95% CI: —1.29-0.49, p = 0.380), but this association
was not significant, with no explanatory power (R*>=0.00%).
Given the limited number of included studies and the high
heterogeneity observed, caution is warranted when interpreting
these findings. Future studies should include a larger number of
high-quality studies to comprehensively explore the mechanisms
underlying changes in ghrelin levels (Figures 10, 11).
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4 Discussion

This is the first systematic review and meta-analysis to investigate
the effects of different types of long-term exercise on ghrelin and to
evaluate whether an increase in ghrelin is associated with reductions
in BMI and weight. Our findings suggest that long-term exercise
significantly impacts ghrelin levels, with RE and AE + RE being the
most effective at increasing ghrelin. Our findings indicate that exercise
interventions have a statistically significant impact on ghrelin levels in
obese or overweight populations, although the overall effect is small,
presenting a slight increase in ghrelin levels. Additionally, through the
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Experimental Control Std. Mean Difference Std. Mean Difference

Mean SD_Total Mean

Study or Subgroup

SD_Total Weight

211AE

IV. Random, 95% CI

IV, Random, 95% ClI

Ahmadi et al.(2019) 710 20 15 590 90 15 8.6% 1.79(0.93, 2.66) ———
Foster-Schubert et al.(2005) 631 38473 83 643 36396 85 10.0% -0.03[-0.33,0.27)

Mager et al.(2008)(1) 7573 2063 14 8036 2564 18 91% -0.19[-0.89, 0.51]

Mason etal. (2015) 1,350 58513 105 1,313 55205 80 10.0% 0.06 [-0.23, 0.36)

Rosenkilde et al.(2013)(1) 714 208 18 704 122 17 92% 0.06 [-0.61,0.72)

Rosenkilde et al.(2013)(2) 661 84 18 704 123 17 92% -0.40 [-1.07,0.27)

Subtotal (95% CI) 253 232 56.1% 0.13 [-0.26, 0.53]

Heterogeneity: Tau*= 0.16; Chi*=18.04, df=5 (P = 0.003), F=72%

Test for overall effect: Z= 0.67 (P = 0.50)

21.2RE

Ataeinosrat.(2022)(1) 779 17 11 673 20 11 52% 5.49[3.52,7.47) ——
Ataeinosrat.(2022)(2) 870 1 11 673 200 11 21%  11.74[7.82,15.66] ’
Ataeinosrat.(2022)(3) 866 18 11 673 20 11 28% 9.76 [6.47, 13.05] —
Mager et al.(2008)(2) 7776 158 15 8036 2564 18 91% -0.12[-0.80, 0.57) ==

Maleki et al.(2022) 22 3 8 13 5 8 81% 0.69 [-0.33,1.71] T

Subtotal (95% CI) 56 59 27.3% 4.99[1.87,8.10] ——
Heterogeneity: Tau*= 11.14; Chi*= 86.47, df = 4 (P < 0.00001); F= 95%

Test for overall effect: Z=3.14 (P = 0.002)

2.1.3 AE+RE

Kang et al.(2018) 8214 197 13 5609 1253 13 85% 1.53[0.64, 2.42) =

Kim(2008) 1,074 12005 8 888 22164 9 81% 0.97 [-0.05, 2.00] |

Subtotal (95% CI) 21 22 16.6% 1.29 [0.62, 1.96] S 4

Heterogeneity: Tau®= 0.00; Chi*= 0.64, df=1 (P = 0.42); F= 0%

Test for overall effect: Z= 3.76 (P = 0.0002)

Total (95% CI) 330 313 100.0% 1.16 [0.52, 1.80] <>

Heterogeneity: Tau®= 1.04; Chi*=126.19, df= 12 (P < 0.00001); F= 90% 5 4 3 .

Test for overall effect: Z= 3.57 (P = 0.0004)
Test for subaroun differences: Chi*= 16.57. df= 2 (P = 0.0003). F= 87.9%

FIGURE 4

Favours [experimental] Favours [control]

Forest plot of the effect of exercise training interventions on ghrelin compared with non-exercise controls.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.21AE
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Mager et al.(2008)(1) 332 34 14 323 26 18 107% 0.30 [-0.41,1.00] S e —
Rosenkilde etal.(2013)(1) 275 2 21 281 24 18 125% -0.27 [-0.90, 0.36] ———
Rosenkilde etal.(2013)(2) 269 12 22 281 24 18 123%  -0.64[1.28,-0.00] — =
Subtotal (95% CI) 72 69 45.8% -0.26 [-0.63, 0.12] -
Heterogeneity: Tau*= 0.03; Chi*=3.81,df=3{(P=0.28); F=21%
Test for overall effect: Z=1.32 (P=0.19)
2.2.2RE
Ataeinosrat.(2022)(1) M7 08 11 326 14 11 76% -0.76 [-1.63,0.11] —
Ataeinosrat.(2022)(2) M7 12 11 326 14 11 7.8% -0.66 [-1.53, 0.20] —_—T
Ataeinosrat.(2022)(3) 307 09 11 326 14 11 63% -155[253,-088) —
Mager et al.(2008)(2) 323 22 15 323 26 18 11.1% 0.00 [-0.69, 0.69) S
Maleki et al.(2022) 289 26 8 326 42 8  58% -0.73[-1.75,0.29] U
Subtotal (95% CI) 56 59 386%  -0.68[-1.19,-0.17] i
Heterogeneity: Tau®= 0.14; Chi*= 6.80, df= 4 (P = 0.15); F= 41%
Test for overall effect: Z= 2.61 (P = 0.009)
2.2.3 AE+RE
Kang et al.(2018) 294 3 13 302 24 13 92% -0.29 [-1.06, 0.49] ——
Kim(2008) 2325 4.22 8 25 183 9 5.3% -0.53 [-1.51, 0.44] —_— T
Subtotal (95% CI) 21 22 15.6% -0.38[-0.99, 0.22] ~
Heterogeneity: Tau®= 0.00; Chi*= 0.15, df= 1 (P = 0.70); F= 0%
Test for averall effect. Z=1.23 (P=0.22)
Total (95% Cl) 149 150 100.0%  -0.43[-0.69,-0.16] >
Heterogeneity: Tau®= 0.04; Chi*=12.71, df= 10 (P = 0.24); F= 21% = = : 2 :

Test for overall effect: Z=3.15 (P = 0.002)

Test for subaroun differences: Chi*=1.71.df=2(P=0.43). F=0% N S— | F———

FIGURE 5
Forest plot of the effect of exercise training interventions on BMI compared with non-exercise controls.

forest plot, we observed that long-term exercise interventions  be partially associated with the reductions in BMI and weight. We also

significantly increased ghrelin levels while also significantly reducing ~ conducted a meta-regression analysis, which suggested that the

BMI and weight. This suggests that the increase in ghrelin levels may ~ increase in ghrelin levels was not related to BMI or weight. However,
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FIGURE 6

Forest plot of the effect of exercise training interventions on weight compared with non-exercise controls.
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FIGURE 7

Funnel plot illustrates the effect of exercise on ghrelin in obese and overweight individuals.

due to the small number of included studies and high heterogeneity,
the reliability of this result is low. Consequently, the explanatory
power of our findings is limited, and further research is needed to
clarify and validate this relationship.

Our primary finding of an increase in ghrelin supports previous
narrative reviews, which suggest that long-term exercise can increase
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total ghrelin levels (52). However, our results differ from the
conclusions of a previous meta-analysis, which claimed that exercise
had no effect on ghrelin in obese or overweight individuals (54). The
discrepancy may be due to the limited number of studies (only four)
included in that meta-analysis and the small amount of weight loss
induced by exercise in those studies. By expanding our search to
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FIGURE 8

Funnel plot illustrates the effect of exercise on BMI in obese and overweight individuals.
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FIGURE 9

Funnel plot illustrates the effect of exercise on weight in obese and overweight individuals.

include more literature, we provided stronger evidence that long-
term exercise can elevate ghrelin levels. Nevertheless, the high
heterogeneity and certain biases indicated by the funnel plot suggest
substantial differences between studies. This is mainly due to
differences in age, dietary control, food intake, sample collection/

Frontiers in Nutrition

12

processing, timing of blood draws relative to eating and exercise, as
well as variations in the assay procedures.

The majority of studies agree that endurance exercise leading
to an increase in ghrelin levels is associated with weight reduction
in obese and overweight individuals (43, 63-66). Some researchers
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FIGURE 10
Bubble plot for the meta-regression of BMI changes on ghrelin levels.
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FIGURE 11
Bubble plot for the meta-regression of weight changes on ghrelin levels.

have noted a strong correlation between changes in ghrelin in
human obesity and changes in total weight, waist circumference,
and BMI, but not with changes in lean body mass (67). Research
has also observed correlations between changes in ghrelin and
changes in leptin, adiponectin, insulin, and insulin resistance,
which are consistent with the expected direction of weight loss.
This supports the role of ghrelin in long-term energy balance.
Furthermore, the impact of exercise interventions on fasting
ghrelin levels was not altered by baseline adiposity levels (22).
Although the exact mechanisms are not yet clear, their effects are
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likely due to the redistribution of blood flow caused by acute
exercise and weight loss resulting from chronic exercise. Some
studies have further explained this phenomenon, noting that
changes in ghrelin occur when weight loss exceeds 3 kg (22, 68).
Therefore, if the weight reduction caused by exercise is minimal,
it may not lead to changes in ghrelin levels.

This meta-analysis supports the notion that the rise in ghrelin
is correlated with reductions in BMI and weight. From the forest
plot, we observed this phenomenon, where long-term exercise
interventions increased ghrelin levels while significantly reducing
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BMI and weight. However, due to the limited number of included
studies and high heterogeneity, our meta-regression did not
support this viewpoint. The meta-regression results indicated a
negative correlation between changes in BMI and weight and
ghrelin levels, but these factors were not the primary drivers of
changes in ghrelin. A study suggests that, in overweight and obese
populations, the overall reduction in body weight is the primary
driver of changes in total ghrelin levels. It recommends further
research to explore whether exercise can increase ghrelin levels
without altering body mass index (BMI) and weight (22).
Additionally, our meta-analysis indicates that resistance exercise
(RE) or combined resistance and aerobic exercise (RE + AE) is
more effective at increasing ghrelin levels than aerobic exercise
(AE) alone. First, this may be attributed to changes in BMI and
weight. Through subgroup analysis, we found that in the included
studies, resistance exercise (RE) and combined aerobic and
resistance exercise (AE + RE) were more effective than aerobic
exercise (AE) in inducing changes in BMI and weight, which
subsequently led to changes in ghrelin levels. Second, this may
be associated with mechanisms involving catecholamines as well
as differences in exercise modalities and intensities (59). However,
the number of studies on RE and AE + RE in our subgroup
analysis is relatively small. Future studies with high-quality
designs are needed to confirm this finding.

In summary, our conclusions suggest that the compensatory
increase in energy intake associated with elevated ghrelin levels
following long-term exercise could lead to increased appetite,
higher energy intake, and potential weight regain. This systematic
review was conducted rigorously according to PRISMA guidelines
(55), including dual screening of studies, data extraction, and risk-
of-bias assessment. The high heterogeneity and bias suggested by
the funnel plot may be due to various factors affecting ghrelin, such
as diet, sex, age, blood collection procedures, and individual
variability. We found that the included studies varied in the time
intervals between exercise and blood sampling procedures for
ghrelin (Table 2). If studies did not explicitly define fasting
durations or the intervals between exercise and blood sampling, the
measured results may reflect acute responses rather than the effects
of long-term chronic adaptations (69). We recommend the
establishment of standardized methods (22) and adherence to them
in the field to facilitate comparisons between studies and reduce
heterogeneity. In this review, to assess the correlation between
ghrelin and BMI/weight with precision, we included only ghrelin as
a hormone. To incorporate more comprehensive data, we used both
English and Chinese search terms, but only a few studies met our
inclusion criteria (n =13). Due to the scarcity of high-quality
literature, we could not analyze factors such as sex or age on ghrelin.
The asymmetry in the funnel plots for BMI and weight was more
apparent, mainly because we included fewer studies for BMI and
weight, and the intervention durations varied greatly across studies,
and it also contains research on children, causing a wide range of
fluctuations in BMI and weight, leading to bias in different studies.

There is still a scarcity of high-standard research, and further
studies are needed in overweight and obese patients to test the
effects of different types of exercise on various appetite hormones,
explore the mechanisms by which exercise raises ghrelin in
overweight and obese patients, and examine the response of
appetite hormones and their impact on energy intake after
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returning to a normal lifestyle post-exercise intervention to
explore and better support weight management and health
improvement in overweight and obese populations.

In conclusion, this systematic review and meta-analysis
demonstrate that long-term exercise interventions can elevate
ghrelin, potentially leading to increased appetite and energy
intake after prolonged exercise, resulting in failed weight loss and
weight regain. Furthermore, this paper synthesizes existing
research findings to show that exercise-induced increases in
ghrelin are correlated with reductions in BMI and weight.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author/s.

Author contributions

XYX: Data curation, Formal analysis, Investigation, Visualization,
Writing - original draft, Writing - review & editing. HW: Formal
analysis, Software, Validation, Visualization, Writing - original draft.
YQG: Data curation, Investigation, Writing — review & editing. JX:
Conceptualization, Supervision, Validation, Writing - review &
editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by project funding, Grant number “KXYJS2024007,
funded by the China Association for Science and Technology
Graduate Student Science Popularization Ability Improvement Project.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1518143
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xin et al.

References

1. Isomaa BO, Almgren P, Tuomi T, Forsen B, Lahti K, Nissen M, et al. Cardiovascular
morbidity and mortality associated with the metabolic syndrome. Diabetes Care. (2001)
24:683-9. doi: 10.2337/diacare.24.4.683

2. Bray GA. Medical consequences of obesity. ] Clin Endocrinol Metab. (2004)
89:2583-9. doi: 10.1210/jc.2004-0535

3. Cuciureanu M, Caratasu C-C, Gabrielian L, Frasinariu OE, Checheritd LE,
Trandafir LM, et al. 360-degree perspectives on obesity. Medicina (Mex). (2023) 59:1119.
doi: 10.3390/medicina59061119

4. Dragano NRYV, Ferng J, Diéguez C, Lopez M, Milbank E. Recent updates on obesity
treatments: available drugs and future directions. Neuroscience. (2020) 437:215-39. doi:
10.1016/j.neuroscience.2020.04.034

5. Haghshenas R, Jafari M, Ravasi A, Kordi M, Gilani N, Shariatzadeh M, et al. The
effect of eight weeks endurance training and high-fat diet on appetite-regulating
hormones in rat plasma. Iran ] Basic Med Sci. (2014) 17:237-43.

6. Miller WC, Koceja DM, Hamilton EJ. A meta-analysis of the past 25 years of weight
loss research using diet, exercise or diet plus exercise intervention. Int ] Obes. (1997)
21:941-7. doi: 10.1038/s;.ij0.0800499

7. Blundell JE, Gibbons C, Caudwell P, Finlayson G, Hopkins M. Appetite control and
energy balance: impact of exercise. Obes Rev. (2015) 16:67-76. doi: 10.1111/0br.12257

8. Jakicic JM, Clark K, Coleman E, Donnelly JE, Foreyt ], Melanson E, et al. American
College of Sports Medicine position stand. Appropriate physical activity intervention
strategies for weight loss and prevention of weight regain for adults. Med Sci Sports
Exerc. (2009) 33:2145-56. doi: 10.1097/00005768-200112000-00026

9. Wing RR. Physical activity in the treatment of the adulthood overweight and
obesity: current evidence and research issues. Med Sci Sports Exerc. (1999) 31:5547-52.
doi: 10.1097/00005768-199911001-00010

10. Thomas DM, Bouchard C, Church T, Slentz C, Kraus WE, Redman LM, et al. Why
do individuals not lose more weight from an exercise intervention at a defined dose? An
energy balance analysis. Obes Rev. (2012) 13:835-47. doi:
10.1111/j.1467-789X.2012.01012.x

11. Church TS, Martin CK, Thompson AM, Earnest CP, Mikus CR, Blair SN. Changes
in weight, waist circumference and compensatory responses with different doses of
exercise among sedentary, overweight postmenopausal women. PLoS One. (2009)
4:e4515. doi: 10.1371/journal.pone.0004515

12. Westerterp KR, Meijer GAL, Janssen EME, Saris WHM, Hoor FT. Long-term effect
of physical activity on energy balance and body composition. Br ] Nutr. (1992) 68:21-30.
doi: 10.1079/BJN19920063

13. Hopkins M, King NA, Blundell JE. Acute and long-term effects of exercise on
appetite control: is there any benefit for weight control? Curr Opin Clin Nutr Metab Care.
(2010) 13:635-40. doi: 10.1097/MCO.0b013e32833e343b

14. Martins C, Morgan L, Truby H. A review of the effects of exercise on appetite
regulation: an obesity perspective. Int ] Obes. (2008) 32:1337-47. doi: 10.1038/
ij0.2008.98

15.De Souza MJ, Leidy HJ, O’'Donnell E, Lasley B, Williams NI. Fasting ghrelin
levels in physically active women: Relationship with menstrual disturbances and
metabolic hormones. J Clin Endocrinol Metab. (2004) 89:3536-42. doi: 10.1210/
j€.2003-032007

16. King NA, Caudwell PP, Hopkins M, Stubbs JR, Naslund E, Blundell JE. Dual-
process action of exercise on appetite control: increase in orexigenic drive but
improvement in meal-induced satiety. Am J Clin Nutr. (2009) 90:921-7. doi: 10.3945/
ajcn.2009.27706

17. Littman AJ, Vitiello MV, Foster-Schubert K, Ulrich CM, Tworoger SS, Potter JD,
et al. Sleep, ghrelin, leptin and changes in body weight during a 1-year moderate-
intensity physical activity intervention. Int J Obes. (2007) 31:466-75. doi: 10.1038/sj.
ij0.0803438

18. Strohacker K, McCaffery JM, MacLean PS, Wing RR. Adaptations of leptin, ghrelin
or insulin during weight loss as predictors of weight regain: a review of current literature.
Int ] Obes. (2014) 38:388-96. doi: 10.1038/ij0.2013.118

19. Cheng MH-Y, Bushnell D, Cannon DT, Kern M. Appetite regulation via exercise
prior or subsequent to high-fat meal consumption. Appetite. (2009) 52:193-8. doi:
10.1016/j.appet.2008.09.015

20.Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW, Nyce
MR, et al. Serum Immunoreactive-leptin concentrations in Normal-weight and
obese humans. N Engl ] Med. (1996) 334:292-5. doi: 10.1056/
NEJM199602013340503

21. Kang S-J, Kim J-H, Gang Z, Yook Y-S, Yoon J-R, Ha G-C, et al. Effects of 12-week
circuit exercise program on obesity index, appetite regulating hormones, and insulin
resistance in middle-aged obese females. ] Phys Ther Sci. (2018) 30:169-73. doi: 10.1589/
ipts.30.169

22. Mason C, Xiao L, Imayama I, Duggan CR, Campbell KL, Kong A, et al. The effects
of separate and combined dietary weight loss and exercise on fasting ghrelin
concentrations in overweight and obese women: a randomized controlled trial (2015)
82:369-76. doi: 10.1111/cen.12483

Frontiers in Nutrition

15

10.3389/fnut.2025.1518143

23. Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka M, et al. Plasma
ghrelin levels in lean and obese humans and the effect of glucose on ghrelin secretion. J
Clin Endocrinol Metab. (2002) 87:240-4. doi: 10.1210/jcem.87.1.8129

24. Becic T, Studenik C, Hoffmann G. Exercise increases adiponectin and reduces
leptin levels in Prediabetic and diabetic individuals: systematic review and Meta-analysis
of randomized controlled trials. Med Sci. (2018) 6:97. doi: 10.3390/medsci6040097

25. Dorling J, Broom DR, Burns SE, Clayton DJ, Deighton K, James L], et al. Acute and
chronic effects of exercise on appetite, energy intake, and appetite-related hormones: the
modulating effect of adiposity, sex, and habitual physical activity. Nutrients. (2018)
10:1140. doi: 10.3390/nul0091140

26. Finlayson GE Bryant E, Blundell JE, King NA. Acute compensatory eating
following exercise is associated with implicit hedonic wanting for food. Physiol Behav.
(2009) 97:62-7. doi: 10.1016/j.physbeh.2009.02.002

27.Golbidi S, Laher I. Exercise induced Adipokine changes and the metabolic
syndrome (2014) 2014:1-16. doi: 10.1155/2014/726861

28. Kadoglou NPE, Vrabas IS, Kapelouzou A, Lampropoulos S, Sailer N, Kostakis A,
et al. The impact of aerobic exercise training on novel adipokines, apelin and ghrelin, in
patients with type 2 diabetes. Med Sci Monit. (2012) 18:CR290-CR295. doi: 10.12659/
MSM.882734

29. Markofski MM, Carrillo AE, Timmerman KL, Jennings K, Coen PM, Pence BD,
et al. Exercise training modifies ghrelin and adiponectin concentrations and is related
to inflammation in older adults. | Gerontol A Biol Sci Med Sci. (2014) 69:675-81. doi:
10.1093/gerona/glt132

30. Afrasyabi S, Marandi SM, Kargarfard M. The effects of high intensity interval
training on appetite management in individuals with type 2 diabetes: influenced by
participants weight. J Diabetes Metab Disord. (2019) 18:107-17. doi: 10.1007/
540200-019-00396-0

31. Cho GJ, Han SW, Shin J-H, Kim T. Effects of intensive training on menstrual
function and certain serum hormones and peptides related to the female reproductive
system. Medicine (Baltimore). (2017) 96:€6876. doi: 10.1097/MD.0000000000006876

32. Guelfi KJ, Donges CE, Duffield R. Beneficial effects of 12 weeks of aerobic
compared with resistance exercise training on perceived appetite in previously sedentary
overweight and obese men. Metabolism. (2013) 62:235-43. doi: 10.1016/j.
metabol.2012.08.002

33. Plinta R, Olszanecka-Glinianowicz M, Drosdzol-Cop A, Chudek J, Skrzypulec-
Plinta V. The effect of three-month pre-season preparatory period and short-term
exercise on plasma leptin, adiponectin, visfatin, and ghrelin levels in young female
handball and basketball players. J Endocrinol Investig. (2012) 35:595-601. doi:
10.3275/8014

34. Hedayati M, Saghebjoo M, Ghanbari-Niaki A. Effects of circuit resistance training
intensity on the plasma ghrelin to Obestatin ratios in healthy young women. Int J
Endocrinol Metab. (2012) 10:475-9. doi: 10.5812/ijem.2459

35.Rdmson R, Jirimée J, Jirimde T, Maestu J. The influence of increased training
volume on cytokines and ghrelin concentration in college level male rowers. Eur ] Appl
Physiol. (2008) 104:839-46. doi: 10.1007/s00421-008-0839-y

36. Horner K, Lee S. Appetite-related peptides in childhood and adolescence: role of
ghrelin, PYY, and GLP-1. Appl Physiol Nutr Metab. (2015) 40:1089-99. doi: 10.1139/
apnm-2015-0050

37. Ahmadi SM, Fathi M, RashidLamir A, Aminian F. Effects of 8 weeks aerobic
training on plasma ghrelin level and ghrelin lymphocyte gene expression in elderly men.
Iran ] Ageing. (2019) 13:494-505. doi: 10.32598/SIJA.13.4.494

38. Rosenkilde M, Reichkendler MH, Auerbach P, Toring S, Gram AS, Ploug T, et al.
Appetite regulation in overweight, sedentary men after different amounts of endurance
exercise: a randomized controlled trial. J Appl Physiol. (2013) 115:1599-609. doi:
10.1152/japplphysiol.00680.2013

39. Ouerghi N, Feki M, Bragazzi NL, Knechtle B, Hill L, Nikolaidis PT, et al. Ghrelin
response to acute and chronic exercise: insights and implications from a systematic
review of the literature. Sports Med. (2021) 51:2389-410. doi: 10.1007/
540279-021-01518-6

40. King JA, Wasse LK, Stensel D], Nimmo MA. Exercise and ghrelin. A narrative
overview of research. Appetite. (2013) 68:83-91. doi: 10.1016/j.appet.2013.04.018

41. Stensel D. Exercise, appetite and appetite-regulating hormones: implications for

food intake and weight control. Ann Nutr Metab. (2011) 57:36-42. doi:
10.1159/000322702

42. Ata SM, Vaishnav U, Puglisi M, Lofgren IE, Wood RJ, et al. Macronutrient
composition and increased physical activity modulate plasma Adipokines and appetite
hormones during a weight loss intervention. ] Womens Health (Larchmt). (2010)
19:139-45. doi: 10.1089/jwh.2009.1472

43. Foster-Schubert KE, McTiernan A, Frayo RS, Schwartz RS, Rajan KB, Yasui Y, et al.
Human plasma ghrelin levels increase during a one-year exercise program. J Clin
Endocrinol Metab. (2005) 90:820-5. doi: 10.1210/jc.2004-2081

44. Leidy HJ, Gardner JK, Frye BR, Snook ML, Schuchert MK, Richard EL, et al.
Circulating ghrelin is sensitive to changes in body weight during a diet and exercise

frontiersin.org


https://doi.org/10.3389/fnut.2025.1518143
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.2337/diacare.24.4.683
https://doi.org/10.1210/jc.2004-0535
https://doi.org/10.3390/medicina59061119
https://doi.org/10.1016/j.neuroscience.2020.04.034
https://doi.org/10.1038/sj.ijo.0800499
https://doi.org/10.1111/obr.12257
https://doi.org/10.1097/00005768-200112000-00026
https://doi.org/10.1097/00005768-199911001-00010
https://doi.org/10.1111/j.1467-789X.2012.01012.x
https://doi.org/10.1371/journal.pone.0004515
https://doi.org/10.1079/BJN19920063
https://doi.org/10.1097/MCO.0b013e32833e343b
https://doi.org/10.1038/ijo.2008.98
https://doi.org/10.1038/ijo.2008.98
https://doi.org/10.1210/jc.2003-032007
https://doi.org/10.1210/jc.2003-032007
https://doi.org/10.3945/ajcn.2009.27706
https://doi.org/10.3945/ajcn.2009.27706
https://doi.org/10.1038/sj.ijo.0803438
https://doi.org/10.1038/sj.ijo.0803438
https://doi.org/10.1038/ijo.2013.118
https://doi.org/10.1016/j.appet.2008.09.015
https://doi.org/10.1056/NEJM199602013340503
https://doi.org/10.1056/NEJM199602013340503
https://doi.org/10.1589/jpts.30.169
https://doi.org/10.1589/jpts.30.169
https://doi.org/10.1111/cen.12483
https://doi.org/10.1210/jcem.87.1.8129
https://doi.org/10.3390/medsci6040097
https://doi.org/10.3390/nu10091140
https://doi.org/10.1016/j.physbeh.2009.02.002
https://doi.org/10.1155/2014/726861
https://doi.org/10.12659/MSM.882734
https://doi.org/10.12659/MSM.882734
https://doi.org/10.1093/gerona/glt132
https://doi.org/10.1007/s40200-019-00396-0
https://doi.org/10.1007/s40200-019-00396-0
https://doi.org/10.1097/MD.0000000000006876
https://doi.org/10.1016/j.metabol.2012.08.002
https://doi.org/10.1016/j.metabol.2012.08.002
https://doi.org/10.3275/8014
https://doi.org/10.5812/ijem.2459
https://doi.org/10.1007/s00421-008-0839-y
https://doi.org/10.1139/apnm-2015-0050
https://doi.org/10.1139/apnm-2015-0050
https://doi.org/10.32598/SIJA.13.4.494
https://doi.org/10.1152/japplphysiol.00680.2013
https://doi.org/10.1007/s40279-021-01518-6
https://doi.org/10.1007/s40279-021-01518-6
https://doi.org/10.1016/j.appet.2013.04.018
https://doi.org/10.1159/000322702
https://doi.org/10.1089/jwh.2009.1472
https://doi.org/10.1210/jc.2004-2081

Xin et al.

program in Normal-weight young women. ] Clin Endocrinol Metab. (2004) 89:2659-64.
doi: 10.1210/jc.2003-031471

45. Abbenhardt C, McTiernan A, Alfano CM, Wener MH, Campbell KL, Duggan C,
et al. Effects of individual and combined dietary weight loss and exercise interventions
in postmenopausal women on adiponectin and leptin levels. J Intern Med. (2013)
274:163-75. doi: 10.1111/j0im.12062

46. Park KM, Park SC, Kang S. Effects of resistance exercise on adipokine factors and
body composition in pre- and postmenopausal women. ] Exerc Rehabil. (2019)
15:676-82. doi: 10.12965/jer.1938368.184

47. Campos RMS, de Mello MT, Tock L, Silva PL, Masquio DCL, de Piano A, et al.
Aerobic plus resistance training improves bone metabolism and inflammation in
adolescents who are obese. J Strength Cond Res. (2014) 28:758-66. doi: 10.1519/
JSC.0b013e3182a996df

48. Gibbons C, Blundell JE, Caudwell P, Webb D-L, Hellstrom PM, Nislund E, et al.
The role of episodic postprandial peptides in exercise-induced compensatory eating. ]
Clin Endocrinol Metab. (2017) 102:4051-9. doi: 10.1210/jc.2017-00817

49. Laan DJ, Leidy HJ, Lim E, Campbell WW. Effects and reproducibility of aerobic
and resistance exercise on appetite and energy intake in young, physically active adults.
Appl Physiol Nutr Metab. (2010) 35:842-7. doi: 10.1139/H10-072

50. Morpurgo PS, Resnik M, Agosti F, Cappiello V, Sartorio A, Spada A. Ghrelin
secretion in severely obese subjects before and after a 3-week integrated body mass
reduction program. ] Endocrinol Investig. (2003) 26:723-7. doi: 10.1007/BF03347353

51. Rdmson R, Jiirimée J, Jirimée T, Méestu J. The effect of 4-week training period on
plasma neuropeptide Y, leptin and ghrelin responses in male rowers. Eur ] Appl Physiol.
(2012) 112:1873-80. doi: 10.1007/s00421-011-2166-y

52. Mitoiu BI, Nartea R, Miclaus RS. Impact of resistance and endurance training on
ghrelin and plasma leptin levels in overweight and obese subjects. Int ] Mol Sci. (2024)
25:8067. doi: 10.3390/ijms25158067

53. Garcia-Hermoso A, Ramirez-Vélez R, Diez J, Gonzalez A, Izquierdo M. Exercise
training-induced changes in exerkine concentrations may be relevant to the metabolic
control of type 2 diabetes mellitus patients: A systematic review and meta-analysis of
randomized controlled trials. J Sport Health Sci. (2023) 12:147-57. doi: 10.1016/j.
jshs.2022.11.003

54. Almesbehi T, Harris L, McGarty A, Alqallaf S, Westrop S, Edwards CA, et al.
Effects of exercise training programmes on fasting gastrointestinal appetite hormones
in adults with overweight and obesity: A systematic review and meta-analysis. Appetite.
(2023) 182:106424. doi: 10.1016/j.appet.2022.106424

55. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.

The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Syst Rev. (2021) 10:89. doi: 10.1186/s13643-021-01626-4

56. Jackson M, Fatahi F, Alabduljader K, Jelleyman C, Moore JP, Kubis H-P. Exercise
training and weight loss, not always a happy marriage: single blind exercise trials in
females with diverse BMI. Appl Physiol Nutr Metab. (2017) 43:363-70. doi: 10.1139/
apnm-2017-0577

Frontiers in Nutrition

16

10.3389/fnut.2025.1518143

57.Manthou E, Gill JMR, Wright A, Malkova D. Behavioral compensatory
adjustments to exercise training in overweight women. Med Sci Sports Exerc. (2010)
42:1121-8. doi: 10.1249/MSS.0b013e3181c524b7

58. RevMan. (2020). Available at: https://training.cochrane.org/online-learning/core-
software/revman (Accessed Sepetember 13, 2024).

59. Ataeinosrat A, Haghighi MM, Abednatanzi H, Soltani M, Ghanbari-Niaki A,
Nouri-Habashi A, et al. Effects of three different modes of resistance training on appetite
hormones in males with obesity. Front Physiol. (2022) 13:335. doi: 10.3389/
fphys.2022.827335

60. Kim HJ, Lee S, Kim TW, Kim HH, Jeon TY, Yoon YS, et al. Effects of exercise-
induced weight loss on acylated and unacylated ghrelin in overweight children. Clin
Endocrinol. (2008) 68:416-22. doi: 10.1111/j.1365-2265.2007.03058.x

61. Mager U, Kolehmainen M, De Mello VDE, Schwab U, Laaksonen DE, Rauramaa
R, et al. Expression of ghrelin gene in peripheral blood mononuclear cells and plasma
ghrelin concentrations in patients with metabolic syndrome. Eur ] Endocrinol. (2008)
158:499-510. doi: 10.1530/EJE-07-0862

62. Maleki F, Safarzade A. The effects of resistance training on some inflammatory
markers, appetite-regulating peptides and insulin resistance index in obese women.
Indian ] Endocrinol Metab. (2022) 26:524-9. doi: 10.4103/ijjem.ijem_214_22

63.Kelishadi R, Hashemipour M, Mohammadifard N, Alikhassy H, Adeli K.
Short- and long-term relationships of serum ghrelin with changes in body
composition and the metabolic syndrome in prepubescent obese children following
two different weight loss programmes. Clin Endocrinol. (2008) 69:721-9. doi:
10.1111/j.1365-2265.2008.03220.x

64.Liao ], Huang J, Wang S, Xiang M, Wang D, Deng H, et al. Effects of exercise
and diet intervention on appetite-regulating hormones associated with miRNAs in
obese children. Eat Weight Disord. (2021) 26:457-65. doi: 10.1007/
540519-020-00869-9

65. Tremblay A, Dutheil F, Drapeau V, Metz L, Lesour B, Chapier R, et al. Long-term
effects of high-intensity resistance and endurance exercise on plasma leptin and ghrelin
in overweight individuals: the RESOLVE study. Appl Physiol Nutr Metab. (2019)
44:1172-9. doi: 10.1139/apnm-2019-0019

66. Yu AP, Ugwu FN, Tam BT, Lee PH, Lai CW, Wong CSC, et al. One year of yoga
training alters ghrelin Axis in centrally obese adults with metabolic syndrome. Front
Physiol. (2018) 9:1321. doi: 10.3389/fphys.2018.01321

67. Tschép M, Weyer C, Tataranni PA, Devanarayan V, Ravussin E, Heiman ML.
Circulating ghrelin levels are decreased in human obesity. Diabetes. (2001) 50:707-9.
doi: 10.2337/diabetes.50.4.707

68. Morishima T, Kurihara T, Hamaoka T, Goto K. Whole body, regional fat
accumulation, and appetite-related hormonal response after hypoxic training. Clin
Physiol Funct Imaging. (2014) 34:90-7. doi: 10.1111/cpf.12069

69. Christou GA, Kouidi EJ, Deligiannis AP, Kiortsis DN. Diagnosis and treatment of
dyslipidaemias in athletes. Curr Vasc Pharmacol. (2017) 15:238-47. doi: 10.217
4/1570161115666170127162526

frontiersin.org


https://doi.org/10.3389/fnut.2025.1518143
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1210/jc.2003-031471
https://doi.org/10.1111/joim.12062
https://doi.org/10.12965/jer.1938368.184
https://doi.org/10.1519/JSC.0b013e3182a996df
https://doi.org/10.1519/JSC.0b013e3182a996df
https://doi.org/10.1210/jc.2017-00817
https://doi.org/10.1139/H10-072
https://doi.org/10.1007/BF03347353
https://doi.org/10.1007/s00421-011-2166-y
https://doi.org/10.3390/ijms25158067
https://doi.org/10.1016/j.jshs.2022.11.003
https://doi.org/10.1016/j.jshs.2022.11.003
https://doi.org/10.1016/j.appet.2022.106424
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1139/apnm-2017-0577
https://doi.org/10.1139/apnm-2017-0577
https://doi.org/10.1249/MSS.0b013e3181c524b7
https://training.cochrane.org/online-learning/core-software/revman
https://training.cochrane.org/online-learning/core-software/revman
https://doi.org/10.3389/fphys.2022.827335
https://doi.org/10.3389/fphys.2022.827335
https://doi.org/10.1111/j.1365-2265.2007.03058.x
https://doi.org/10.1530/EJE-07-0862
https://doi.org/10.4103/ijem.ijem_214_22
https://doi.org/10.1111/j.1365-2265.2008.03220.x
https://doi.org/10.1007/s40519-020-00869-9
https://doi.org/10.1007/s40519-020-00869-9
https://doi.org/10.1139/apnm-2019-0019
https://doi.org/10.3389/fphys.2018.01321
https://doi.org/10.2337/diabetes.50.4.707
https://doi.org/10.1111/cpf.12069
https://doi.org/10.2174/1570161115666170127162526
https://doi.org/10.2174/1570161115666170127162526

	Effect of long-term exercise on circulating ghrelin in overweight and obese individuals: a systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Literature sources and retrieval
	2.2 Study selection
	2.3 Data extraction
	2.4 Quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Literature search results
	3.2 Quality assessment results
	3.3 Basic characteristics of the included studies
	3.4 Effects of the interventions on ghrelin, BMI, and weight
	3.4.1 Ghrelin
	3.4.2 BMI
	3.4.3 Weight
	3.5 Publication bias and sensitivity analysis
	3.6 Meta-regression

	4 Discussion

	References

