
Citation: Mendes, C.; Carvalho, M.;

Bravo, J.; Martins, S.; Raimundo, A.

Possible Interaction Between Physical

Exercise and Leptin and Ghrelin

Changes Following Roux-en-Y Gastric

Bypass in Sarcopenic Obesity

Patients—A Pilot Study. Nutrients

2024, 16, 3913. https://doi.org/

10.3390/nu16223913

Academic Editors: Arved Weimann

and Luca Busetto

Received: 23 September 2024

Revised: 12 November 2024

Accepted: 13 November 2024

Published: 15 November 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Possible Interaction Between Physical Exercise and Leptin
and Ghrelin Changes Following Roux-en-Y Gastric Bypass
in Sarcopenic Obesity Patients—A Pilot Study
Cláudia Mendes 1,2,3,4,5,* , Manuel Carvalho 1,2 , Jorge Bravo 3,4 , Sandra Martins 6,7

tand Armando Raimundo 3,4

1 Unidade Local Saúde Alentejo Central, EPE—Hospital Espírito Santo de Évora, 7000-811 Évora, Portugal
2 CRI.COM—Centro Responsabilidade Integrada de Cirurgia da Obesidade e Metabólica,

7000-811 Évora, Portugal
3 CHRC—Comprehensive Health Research Centre, Universidade de Évora, 7004-516 Évora, Portugal
4 Departamento de Desporto e Saúde, Escola de Saúde e Desenvolvimento Humano, Universidade de Évora,

7004-516 Évora, Portugal
5 CBIOS—Research Center for Biosciences & Health Technologie, Universidade Lusófona,

1749-024 Lisboa, Portugal
6 Research Center in Sports Sciences, Health and Human Development (CIDESD), 5000-801 Vila Real, Portugal
7 Departamento de Desporto, Universidade Europeia, 1500-210 Lisboa, Portugal
* Correspondence: klaudinha@icloud.com; Tel.: +351-968575053

Abstract: Introduction: Leptin and ghrelin are two hormones that play a role in weight homeostasis.
Leptin, which is produced primarily by adipocytes and is dependent on body fat mass, suppresses
appetite and increases energy expenditure. Conversely, ghrelin is the “hunger hormone”, it stimulates
appetite and promotes fat storage. Bariatric surgery significantly alters the levels and activity of
these hormones, contributing to weight loss and metabolic improvements. Clarifying the interplay
between bariatric surgery, weight loss, physical exercise, leptin, and ghrelin is essential in developing
comprehensive strategies for optimizing the long-term outcomes for candidates who have undergone
bariatric surgery, especially for sarcopenic patients. Methods: This was a randomized controlled
study with two groups (n = 22). The patients in both groups had obesity and sarcopenia. A Roux-en-Y-
gastric bypass (RYGB) procedure was performed on all patients. The intervention group participated
in a structured exercise program three times per week, beginning one month after surgery and lasting
16 weeks. Patient assessment was performed before surgery (baseline) and after the completion of the
exercise program. The control group received the usual standard of care and was assessed similarly.
Results: After surgery, weight, BMI, and lean mass decreased significantly in both groups between
the baseline and the second assessment. Leptin levels were not significantly different between
baseline and the second assessment in the physical exercise group, but were significantly lower in the
control group (p = 0.05). Ghrelin levels increased over time in both groups, but the differences were
not significant. When we associated leptin (the dependent variable) with weight (the independent
variable), we found that lower weight was associated with lower leptin levels. A similar relationship
was also observed between the leptin and sarcopenia parameters (muscle strength and mass), as
well as in the bone health parameters (bone mineral density and t-score). Higher ghrelin levels were
significantly associated with higher t-scores and z-scores (p < 0.05). Conclusion: Exercise has been
shown to have a significant effect on leptin and ghrelin levels after bariatric surgery. By incorporating
regular physical activity into their lifestyle, bariatric patients can optimize their weight loss outcomes
and improve their overall health. After the physical exercise protocol, patients in the intervention
group revealed more established leptin levels, which may indicate a protected pattern concerning
decreased leptin levels. An unfavorable profile was evidenced, according to which greater weight
loss, sarcopenia, and osteoporosis were associated with lower leptin levels.
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1. Introduction

Obesity has become a significant public health challenge worldwide, with its preva-
lence rising steadily over the past few decades. The World Health Organization has
highlighted obesity as a global health concern, affecting millions of individuals struggling
to maintain a healthy weight [1,2].

Bariatric surgery is the most effective therapeutic approach for achieving significant
and sustained weight loss in individuals with severe obesity. The surgical procedure
facilitates weight loss and induces profound metabolic changes, which improve or resolve
obesity-associated conditions [3].

The prevalence of sarcopenia conditions in patients with obesity varies between 10%
and 50% [4]. Post-bariatric surgery patients with sarcopenic obesity face significant clinical
challenges. Preoperative sarcopenia has been proven to be a good predictor of perioperative
complications and death after major abdominal surgeries and, in older people, the risk of
cardiovascular events in the perioperative period increases [5,6].

Despite the undeniable benefits of bariatric surgery, understanding the underlying
mechanisms that contribute to its success remains an active research area. The impact of
this process on the complex hormonal regulation of appetite and metabolism is not fully
understood. Hormonal alterations after surgery are of particular interest [7,8].

Two such hormones, leptin and ghrelin, may play crucial roles in regulating energy,
appetite balance, and body weight, and their levels can be significantly altered following
bariatric surgery [8]. Leptin, which is produced by adipose tissue, acts on the hypothalamus
to suppress appetite and increase energy expenditure [9]. However, following bariatric
surgery, significant weight loss often leads to decreased leptin levels, which can have
profound implications for appetite regulation and metabolic function. This can lead to
increased hunger and decreased energy expenditure, making it challenging to maintain
weight loss [10].

Ghrelin, which is predominantly secreted by the stomach, has the opposite effect,
stimulating appetite and promoting food intake. Alterations in leptin and ghrelin levels
have been observed in individuals with obesity and after bariatric surgery, highlighting
their importance in the physiological response to weight loss interventions [10,11].

Regular exercise is known to improve cardiovascular health, enhance metabolic func-
tion, and promote psychological well-being [12,13]. In the context of bariatric surgery,
exercise is recommended as a complementary intervention to maximize weight loss, main-
tain muscle mass, and improve overall health outcomes. The interplay between exercise
and hormonal changes after surgery, particularly concerning leptin and ghrelin, is an area
that has garnered increasing scientific interest [14].

Several studies have demonstrated the positive impact of exercise on hormone regula-
tion after bariatric surgery [15]. Regular exercise could play an important role in enhancing
leptin sensitivity; improving appetite control and metabolic function; and, after bariatric
surgery, in contributing to the promotion of long-term weight maintenance [10]. In some
studies, exercise has been found to decrease ghrelin secretion and to suppress appetite,
leading to better control over food intake. By incorporating regular exercise into their
routine, individuals who have undergone bariatric surgery could eventually better manage
their ghrelin levels and reduce their cravings for high-calorie foods [16].

Therefore, exercise has been shown to increase leptin sensitivity, decrease ghrelin secre-
tion, and improve overall metabolic function [17]. By engaging in regular exercise routines
that include both aerobic and resistance training components, individuals may enhance
their hormonal balance after surgery and increase sustainable weight loss efforts [18].

However, the specific impact of exercise on leptin and ghrelin levels in individuals
after bariatric surgery remains an area of active research. Understanding how exercise
influences these hormonal changes can provide valuable insights into optimizing weight
loss outcomes and preventing weight regain in bariatric patients.

Several mechanisms have been proposed to explain the potential effects of exercise on
leptin and ghrelin regulation [19]. Exercise-induced changes in body composition, such
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as increased muscle mass and reduced fat mass, may alter leptin sensitivity and secretion.
Additionally, acute and chronic exercise modulate appetite-regulating hormones, including
ghrelin, in both lean and obese individuals. These physiological adaptations may contribute
to the success of exercise interventions in promoting weight loss and long-term weight
maintenance after bariatric surgery [20].

This study explored the effects of a regular exercise program on leptin and ghrelin
levels in patients with sarcopenic obesity, following bariatric surgery.

2. Methods
2.1. Study Design

This study was part of the EXPOBAR protocol, NCT0528921 [21], which is ongoing in
a single center for metabolic and bariatric surgery in Portugal [22,23].

Recruitment took place between December 2021 and December 2023 from among can-
didates who met the diagnostic criteria for bariatric surgery. Patients were randomized into
a control group (CG) or an intervention group (IG) by either a bariatric surgeon or a sports
specialist nurse. The data were collected from the hospital’s electronic patient records.

The participants who agreed to participate in the study read and confirmed the free
and informed consent form, which had been previously approved by the University and
Hospital Ethics Committee (HESE_CE_1917/21).

Exercise training began one month after surgery, with a frequency of three times per week,
up to a maximum of 55 min per session, for 16 weeks. This study included two evaluations:
before surgery and after exercise training. All assessments were conducted by researchers
who were blinded to the study’s objectives and the participants’ group allocation to minimize
potential biases and ensure the integrity of the data collected. This study protocol complied
with the CONSORT 2010 recommendations (Figure 1) (Supplementary Materials).
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Figure 1. Consort flow diagram [24]. Figure 1. Consort flow diagram [24].

2.2. Eligibility Criteria

The eligibility criteria included a body mass index (BMI) ≥ 40 kg/m2 or BMI ≥ 35 kg/m2,
at least one obesity-related comorbidity, aged between 18 years and 60 years, a diagnosis
of sarcopenic obesity based on the EASO/ESPEN criteria, no contraindication to exercise
practice, and having agreed to participate in the study.

The exclusion criteria were patients with problems in locomotion, other previous
bariatric surgery, and RYGB complications during surgery.



Nutrients 2024, 16, 3913 4 of 12

2.3. Sample Size and Randomization

This study was a secondary analysis of the registered randomized controlled trial,
NCT0528921, at Clinicaltrials.gov [21]. G*Power software version 3.1 was utilized for
sample size determination [25]. A total of 22 participants were selected to identify a
moderate estimated effect size of at least 0.99 standard deviations for between-group
differences in the sarcopenia outcome risk [26,27]. ANOVA repeated measures were
conducted, focusing on within–between interactions, with an alpha level set at α = 0.05
and statistical power at 1 − β = 0.75. This study was a non-blinded RCT, which included a
16-week combined exercise intervention, alongside a control group receiving standard care.

Patients who had undergone bariatric surgery (gastric bypass/RYGB) were randomly
assigned either to usual care (CG) or to usual care combined with an exercise program (IG) using
a computer-generated randomization system, this was completed by the surgeon at the proposal
stage. Both groups underwent follow-up sessions with a psychologist and a nutritionist.

2.4. Intervention

A progressive combined exercise program involves both aerobic and strength training.
The exercise prescription was based on the FITT-VP principles (frequency, type, intensity,
time, type, duration, volume, and progression) for people with obesity [28–30].

The program was to be completed in 16 weeks, three times a week, for 55 min per
session, starting a month after surgery, following our previous work [31,32] and recom-
mendations from the World Health Organization (WHO) (5) and the American College of
Sports Medicine (ACSM) [29] (Figure 2).

Nutrients 2024, 16, x FOR PEER REVIEW 5 of 14 
 

 

 

 

Figure 2. Exercise training periodization. 

2.5. Outcomes 
The details of the intervention have been described previously [21]. Two assessment 

moments were performed, the first before surgery and the second after the exercise pro-
gram. The CG participants were instructed to maintain their current activities. Data col-
lection was carried out in two stages: baseline assessment and after 16 weeks of interven-
tion. 

Anthropometry and body composition: Weight (kg) and height (cm) were measured 
to calculate BMI (kg/m2). Body composition was assessed via dual-energy X-ray absorp-
tiometry (DEXA) (DXA, Hologic QDR, Hologic, Inc., Bedford, MA, USA). During this pro-
cedure, the participants were asked to fast and to be without metal items or adornments. 
The total weight loss percentage (%TWL) was also calculated based on the initial weight 
and actual weight (weight loss/initial weight (Kg/Kg)). 

Perioperative blood samples—leptin and ghrelin: Blood sampling was performed be-
fore surgery and after the exercise program�s completion. The fasting blood samples were 
collected and processed immediately according to the hospital protocol. The results were 
assessed one week later at the hospital database. 

Sarcopenia: Sarcopenic obesity was defined as a high BMI or waist circumference, 
combined with low muscle mass and low muscle strength [34–36]. Low muscle strength 
was defined by handgrip strength for reduced strength (cut-offs < 27 Kg for M and <16 Kg 
for F) and low muscle mass by DEXA, based on ASMM/weight × 100 (cut-offs < 28.27% for 
M and <23.47% for F) (Figure 3). 

Figure 2. Exercise training periodization.

The participants in the IG completed the 16-week exercise training program. Each
session was composed of 5 min of specific warm-ups on a treadmill (a); (b) resistance
training (weeks 1–4); (c) hypertrophy training (weeks 5–10); (d) strength training (weeks
11–16); and a 10-min flexibility cool-down (myofascial release, mobility, static stretching,
and dynamic stretching).

Interval training and circuit strength training methods were included in the first phase.
The phases in the central block were increased by 10 min, followed by an assessment of
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the patient’s response. To assess the perceived effort of the exercise performed, heart rate
reserve and the Borg scale values were recorded following a continuous progression [33].

2.5. Outcomes

The details of the intervention have been described previously [21]. Two assessment
moments were performed, the first before surgery and the second after the exercise program.
The CG participants were instructed to maintain their current activities. Data collection
was carried out in two stages: baseline assessment and after 16 weeks of intervention.

Anthropometry and body composition: Weight (kg) and height (cm) were measured
to calculate BMI (kg/m2). Body composition was assessed via dual-energy X-ray absorp-
tiometry (DEXA) (DXA, Hologic QDR, Hologic, Inc., Bedford, MA, USA). During this
procedure, the participants were asked to fast and to be without metal items or adornments.
The total weight loss percentage (%TWL) was also calculated based on the initial weight
and actual weight (weight loss/initial weight (Kg/Kg)).

Perioperative blood samples—leptin and ghrelin: Blood sampling was performed
before surgery and after the exercise program’s completion. The fasting blood samples
were collected and processed immediately according to the hospital protocol. The results
were assessed one week later at the hospital database.

Sarcopenia: Sarcopenic obesity was defined as a high BMI or waist circumference,
combined with low muscle mass and low muscle strength [34–36]. Low muscle strength
was defined by handgrip strength for reduced strength (cut-offs < 27 Kg for M and <16 Kg
for F) and low muscle mass by DEXA, based on ASMM/weight × 100 (cut-offs < 28.27%
for M and <23.47% for F) (Figure 3).
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2.6. Statistical Methods

Statistical analyses were conducted using JAMOVI version 2.3.19. Descriptive statistics
were expressed as the mean ± standard deviation (SD) for parametric data and as the
median ± standard deviation (SD). Data normality was assessed with the Shapiro—Wilk
test. Two-way ANOVA was used to compare the dependent variables, considering group
and two-time points before and after the exercise program. Cohen’s effect size was also
calculated for the interaction of treatments. Relevance was interpreted as small (d = 0.2),
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medium (d = 0.5), or large (d = 0.8) [37]. Linear and logistic regression analyses were
performed to analyze correlations between variables’ significance levels, which were set at
p < 0.05.

3. Results

A total of 22 patients with sarcopenic obesity were randomized: 12 were assigned
to the IG and 10 were assigned to the CG. All patients in the IG completed the intended
intervention. The baseline characteristics of the sample are summarized in Table 1. The
baseline characteristics of both groups were similar, although there was a trend towards a
difference in weight in the IG (p = 0.067).

Table 1. Baseline characteristics.

Parameter (Mean ± SD) Intervention Group
n = 12

Control Group
n = 10 p Value

Sex (% female) 75% 90% 0.388

Age (years) 44.08 ± 13.2 50.4 ± 11.1 0.240

Weight (kg) 117.1 ± 15.8 103.6 ± 16.9 0.067

BMI (kg/m2) 43.1 ± 5.2 41.8 ± 3.4 0.388

Leptin (ng/mL) 54.6 ± 29.8 50.9 ± 28.5 0.355

Ghrelin (pg/mL) 811 ± 763 1261 ± 1424 0.773
BMI—body mass index.

Significant weight loss was observed in both groups (Table 2). The intervention group
experienced a smaller weight reduction (d = 0.425).

Table 2. Main outcomes.

Baseline 6 Months Sig. d

CG IG CG IG

Weight (kg) 103.55 ± 16.86 117.08 ± 15.79 73.5 ± 13.2 a 83.0 ± 12.4 a p = 0.099 0.425

BMI (kg/m2) 41.8 ± 3.40 43.10 ± 5.17 29.4 ± 2.62 a 30.6 ± 4.37 a p = 0.821 0.067

Leptin (ng/mL) 50.9 ± 28.47 54.6 ± 29.75 17.0 ± 18.0 a 42.5 ± 44.1 p = 0.050 0.013

Ghrelin (pg/mL) 1261 ± 1424 811 ± 762.72 2870 ± 2230 1311 ± 968 p = 0.175 0.067

Body fat (%) 46.60 ± 3.23 46.7 ± 6.47 39.5 ± 5.91 a 37.2 ± 8.02 a p = 0.107 0.417

Handgrip (kg) 20.60 ± 7.18 25.5 ± 6.87 16.4 ± 5.79 a 22.2 ± 7.09 p = 0.050 0.500

Lean mass (kg) 53.45 ± 12.48 58.19 ± 8.02 45.23 ± 11.47 a 43.38 ± 9.07 a p = 0.456 0.200

BMC (kg) 2.33 ± 0.44 2.50 ± 0.37 1.96 ± 0.17 a 2.42 ± 0.37 p = 0.004 0.733

BMD (g/cm2) 1.14 ± 0.13 1.21 ± 0.17 1.10 ± 0.08 1.16 ± 0.12 p = 0.276 0.283

Total body t-score 0.43 ± 1.51 0.54 ± 1.51 −0.07 ± 0.68 0.76 ± 1.23 p = 0.306 0.267

Total body z-score 0.55 ± 1.14 0.49 ± 1.22 0.15 ± 0.46 0.49 ± 1.23 p = 0.842 0.058

BMI—body mass index; BMD—bone mineral density; BMC—bone mineral content. a Post hoc significance
between evaluations, p < 0.001; d = Cohen effect size; and Sig. = group effect.

Physical function, as evaluated by a handgrip dynamometer, decreased significantly
in the CG. In the IG, the difference was not significant. For the sarcopenic parameter, the
impact of the exercise intervention was significant (p = 0.050; d = 0.500). Similar results
were obtained for BMC, with a significant impact of the exercise being observed (p = 0.004;
d = 0.733).

After the RYGB, ghrelin levels increased, but their difference from the baseline levels
reached significance after 6 months. The results for the fasting ghrelin concentrations were
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different between the groups but not significant at the final time point. The fasting leptin
levels decreased significantly at six months in the CG but not in the IG, which is a potential
indicator of exercise benefits. This difference was statistically significant between the two
groups (Figure 4).
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Figure 4. Leptin and ghrelin evaluation after surgery and post-proposed exercise program.

Associations between the leptin and ghrelin levels and the clinical variables related
to the sarcopenic obesity parameters were examined via multivariable linear regression.
We found that weight (r = 0.475; p = 0.009); BMI (r = 0.625; p = 0.022); bone mineral density
(r = 0.709; p = 0.011); muscle mass and strength (r = 0.689; p = 0.014); and t-scores (r = 0.510;
p = 0.045) were positively associated with the leptin levels. The t-scores (CG: r = 0.578,
p = 0.040; IG: r = 0.640, p = 0.012) and z-scores (CG: r = 0.673, p = 0.016; IG: r = 0.628,
p = 0.014) were positively correlated with the ghrelin levels (Table 3).

Table 3. Analysis of variables and leptin and ghrelin levels after exercise.

Leptin (ng/mL) Ghrelin (pg/mL)

CG IG CG IG

r p Value r p Value r p Value r p Value

%TWL (%) −0.518 0.937 0.194 0.273 0.353 0.159 0.314 0.160

Weight (kg) 0.475 0.009 0.102 0.376 0.356 0.156 −0.145 0.673

BMI (kg/m2) 0.625 0.022 0.051 0.431 0.137 0.353 −0.167 0.716

Body fat (%) 0.359 0.154 0.225 0.241 0.230 0.205 0.040 0.245

Handgrip (kg) 0.689 0.014 −0.068 0.658 0.027 0.470 −0.097 0.618

Lean mass (kg) 0.718 0.010 −0.316 0.841 0.502 0.028 −0.151 0.680

BMC (g) 0.144 0.304 −0.094 0.561 0.348 0.162 −0.084 0.612

BMD (g/cm2) 0.709 0.011 −0.008 0.510 0.341 0.167 0.208 0.258

Total body t-score 0.171 0.319 0.510 0.045 0.578 0.040 0.640 0.012

Total body z-score 0.197 0.293 0.283 0.186 0.673 0.016 0.628 0.014

BMI—body mass index; BMD—bone mineral density; BMC—bone mineral content; TWL—total weight loss.
r—Pearson coefficient; Significance defined as p < 0.05.

4. Discussion

This study aimed to explore the impact of exercise on the regulation of the leptin and
ghrelin levels in individuals with sarcopenic obesity, who had recently undergone bariatric
surgery. This was the first randomized control trial to evaluate and relate the evolution of
leptin and ghrelin levels after bariatric surgery in patients with sarcopenic obesity. Our
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results showed that exercise directly influences leptin sensitivity and can contribute to
stabilizing ghrelin levels, suggesting a promising complementary approach to optimizing
post-operative outcomes.

We anticipate that this study’s findings will provide novel insights into how exercise
modulates leptin and ghrelin levels in patients who have undergone bariatric surgery.
Specifically, we expect improvements in leptin sensitivity and reduced ghrelin levels due
to exercise interventions [10]. These hormonal changes will likely enhance appetite control,
increase energy expenditure, and improve weight loss maintenance [38].

Previous studies have already shown that the significant weight loss induced by
bariatric surgery results in a reduction in leptin levels, an expected effect due to the
decrease in fat mass, which is the main producer of this hormone [39–41]. This reduction
is expected and correlates with weight loss. However, the role of exercise in modulating
leptin levels after bariatric surgery has had different interpretations [8]. In this study, leptin
levels decreased significantly in the CG. In the IG, it was firmly established that weight loss
positively improves leptin sensitivity and that exercise plays a crucial role in regulating
this mechanism. The stabilization of leptin levels in the intervention group suggests that
exercise plays a protective role, preventing abrupt drops in leptin, which could make it
difficult to maintain weight loss and could affect appetite control in the long term. Min
et al. revealed that, 2 years after bariatric surgery, greater weight loss was associated with a
greater reduction in leptin, but there was no effect on adiponectin levels after 4 years of
follow-up [42,43].

However, several studies have demonstrated that exercise can influence leptin levels
independently of weight loss [42,43]. Exercise is known to improve leptin sensitivity, which
can be diminished in individuals with obesity due to leptin resistance. This improvement in
leptin sensitivity means that the body can respond more effectively to hormones, potentially
enhancing appetite regulation and energy balance. The results of this research have helped
to elucidate how exercise impacts leptin levels and sensitivity in post-bariatric surgery
patients, which is essential in developing comprehensive postoperative care strategies that
optimize long-term weight loss and metabolic health.

Unlike leptin, ghrelin levels increase before meals and decrease afterward, reflecting
its role in meal initiation [39,44]. Bariatric surgery—particularly procedures that involve
significant anatomical changes to the stomach, such as sleeve gastrectomies and RYGBs—
drastically alters ghrelin production.

The impact of RYGBs on ghrelin concentrations has been widely studied, with con-
troversial results [44]. Some groups have reported a significant decrease in ghrelin levels
after RYGBPs [44–46]. These low levels of ghrelin after RYGBs could account for increased
satiety and reduced food intake, helping to explain the long-term effects this surgery has on
patients with severe obesity. However, other studies have not reported changes in ghrelin
after RYGBs, suggesting that they are unlikely to contribute to suppressing food intake in
the postoperative stage [47,48]. In accordance with the results of this study, some studies
have reported higher ghrelin concentrations after an RYGBP than before surgery [49–51].

In addition, the association between higher ghrelin levels and higher BMD and t- and z-
scores in our study raises important questions about the role of this hormone in preserving
bone health after bariatric surgery. The existing literature has shown controversial results
regarding changes in ghrelin levels after bariatric surgery, with some studies reporting
a decrease in levels and others, like ours, showing an increase. This variability can be
explained by methodological differences among the studies, including the type of surgery,
the length of follow-up, and the characteristics of the population studied.

Physical exercise, especially resistance training and combined aerobics, has been
shown to have important effects on hormone regulation, which included profound effects
on ghrelin levels. Acute bouts of exercise generally reduce ghrelin concentrations, which
may help suppress appetite postexercise. In our study, the intervention group showed an
attenuation in the increase in ghrelin compared to the control group. Although the increase
in ghrelin was expected due to the body’s adaptation to weight loss, the fact that the
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intervention group showed a less pronounced increase suggests that exercise can modulate
ghrelin secretion and help to control appetite. Regular exercise may, therefore, play an
important role in preventing weight regain after surgery, contributing to appetite control
and improving satiety in the long term [9,52]. Regular exercise training, however, has a
more nuanced adaptation concerning ghrelin regulation [52], which can vary depending on
the intensity and duration of the exercise regimen. Investigating how different types and
intensities of exercise influence ghrelin levels in the context of bariatric surgery is crucial
for understanding the hormonal adaptations that support weight loss and maintenance.

The leptin produced in adipocytes seems to be related to sarcopenic obesity, as it
can reduce the capacity of myocytes for protein synthesis [53]; however, the evidence
concerning muscle strength is inconsistent [54]. In this study, the results revealed that a
decrease in leptin was associated with a reduction in muscle strength. This may suggest
that patients who have already been diagnosed with obesity-related sarcopenia and who,
after bariatric surgery, have a more significant decrease in muscle strength, have a greater
decrease in leptin levels and, consequently, in satiety levels. This may make them prone to
weight gain in the long term.

The effects of leptin on bone mass and the regulation of bone metabolism are also
unclear [55,56]. The current results indicate that a greater decrease in leptin levels is
associated with a significant reduction in bone mineral content, although this effect was
less pronounced in the exercise group. This demonstrated the protective effect of exercise,
with a minimal impact on the t-score and z-score. This allowed us to corroborate the results
reported by Mohammadi et al., that leptin can be an important biomarker for diagnosing
osteoporosis [39].

The protective effects of exercise observed in our results also extended to preserving
muscle strength and lean mass. The association between decreased leptin and reduced
muscle strength in the control group suggested that excessive loss of leptin may be related
to the loss of muscle mass, particularly in sarcopenic patients. These findings reinforced the
importance of including a post-surgical exercise program to prevent muscle deterioration
and to maintain physical functionality. Similarly, the preservation of bone mineral density
in the intervention group indicated that physical exercise may be a protective factor against
osteoporosis in patients undergoing bariatric surgery, as suggested in other studies.

Finally, our results offer a promising insight into the role of exercise in hormonal
modulation after bariatric surgery. The positive impact of exercise on leptin and ghrelin
optimizes weight loss. It can improve patients’ quality of life by helping to control appetite,
maintain muscle mass, and preserve bone health. These findings reinforce the need to
routinely include structured exercise programs into the postoperative care of bariatric
patients, especially those with sarcopenic obesity.

This study had limitations, including its small sample size and the limited duration of
the follow-up. Future research ought to incorporate a larger sample size and an extended
intervention period to evaluate the sustained effects of exercise on hormone levels, as well
as their relationship with the maintenance of weight loss and long-term metabolic health.
Furthermore, investigating various types and intensities of exercise may yield further
insights into the most effective strategies for optimizing post-surgical hormone regulation.

5. Conclusions

Bariatric surgery represents a powerful tool in the fight against obesity, offering signif-
icant and sustained weight loss for individuals with severe obesity. However, the success
of this intervention depends on a comprehensive approach, which includes lifestyle modifi-
cations such as exercise. The hormonal adaptations induced by exercise, particularly leptin
and ghrelin, may be critical in understanding and optimizing postoperative outcomes.

Exercise has been shown to have a significant effect on leptin and ghrelin levels after
bariatric surgery. By incorporating regular physical activity into their lifestyle, bariatric
patients can optimize their weight loss outcomes and improve their overall health. Further
research is needed to fully understand the mechanisms by which exercise influences
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hormone regulation post-surgery, but current evidence suggests that physical exercise
could be key to long-term success for bariatric patients.
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27. Pekař, M.; Pekařová, A.; Bužga, M.; Holéczy, P.; Soltes, M. The risk of sarcopenia 24 months after bariatric surgery—Assessment
by dual energy X-ray absorptiometry (DEXA): A prospective study. Videosurgery Other Miniinvasive Tech. 2020, 15, 583–587.
[CrossRef]

28. Bushman, B.A. Determining the I (Intensity) for a FITT-VP aerobic exercise prescription. Curr. Sports Med. Rep. 2014, 18, 4–7.
[CrossRef]

29. Burke, L.M.; Slater, G.J.; Matthews, J.J.; Langan-Evans, C.; Horswill, C.A. ACSM Expert Consensus Statement on Weight Loss in
Weight-Category Sports. Curr. Sports Med. Rep. 2021, 20, 199–217. [CrossRef]

30. ACSM’s Guidelines for Exercise Testing and Prescription. Available online: https://shop.lww.com/ACSM-s-Guidelines-for-
Exercise-Testing-and-Prescription/p/9781975150181 (accessed on 11 July 2024).

31. Mendes, C.; Carvalho, M.; Bravo, J.; Martins, S.; Raimundo, A. Exercise Interventions for the Prevention of Sarcopenia After
Bariatric Surgery: A Systematic Review. J. Sci. Sport Exerc. 2024, 1–19. [CrossRef]

32. Santos, C.; Carvalho, M.; Oliveira, L.; Palmeira, A.; Rodrigues, L.M.; Gregório, J. The Long-Term Association between Physical
Activity and Weight Regain, Metabolic Risk Factors, Quality of Life and Sleep after Bariatric Surgery. Int. J. Environ. Res. Public
Health 2022, 19, 8328. [CrossRef] [PubMed]

33. Castello, V.; Simões, R.P.; Bassi, D.; Catai, A.M.; Arena, R.; Borghi-Silva, A. Impact of aerobic exercise training on heart rate
variability and functional capacity in obese women after gastric bypass surgery. Obes. Surg. 2011, 21, 1739–1749. [CrossRef]
[PubMed]

34. Cesari, M.; Kritchevsky, S.B.; Newman, A.B.; Simonsick, E.M.; Harris, T.B.; Penninx, B.W.; Brach, J.S.; Tylavsky, F.A.; Satterfield,
D.S.; Bauer, D.C.; et al. Added value of physical performance measures in predicting adverse health-related events: Results from
the Health, Aging and Body Composition Study. J. Am. Geriatr. Soc. 2009, 57, 251–259. [CrossRef] [PubMed]

35. Tsigos, C.; Hainer, V.; Basdevant, A.; Finer, N.; Mathus-Vliegen, E.; Micic, D.; Maislos, M.; Roman, G.; Schutz, Y.; Toplak, H.; et al.
Criteria for EASO-Collaborating Centres for Obesity Management. Obes. Facts 2011, 4, 329–333. [CrossRef] [PubMed]

https://doi.org/10.1155/2013/837989
https://www.ncbi.nlm.nih.gov/pubmed/23606952
https://doi.org/10.1007/s11695-016-2240-y
https://www.ncbi.nlm.nih.gov/pubmed/27229736
https://doi.org/10.1139/h11-121
https://www.ncbi.nlm.nih.gov/pubmed/22111518
https://doi.org/10.3390/surgeries4030037
https://doi.org/10.1016/j.appet.2023.106557
https://doi.org/10.1111/obr.13296
https://doi.org/10.3389/fendo.2019.00626
https://doi.org/10.14814/phy2.14111
https://doi.org/10.1038/ijo.2015.59
https://doi.org/10.1016/j.conctc.2022.101048
https://www.ncbi.nlm.nih.gov/pubmed/36568444
https://doi.org/10.1016/j.dib.2022.108881
https://www.ncbi.nlm.nih.gov/pubmed/36687150
https://doi.org/10.1016/j.mex.2023.102043
https://doi.org/10.1038/s41591-022-01989-8
https://www.ncbi.nlm.nih.gov/pubmed/36109642
https://doi.org/10.3758/BF03193146
https://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1007/s12603-023-1911-1
https://doi.org/10.5114/wiitm.2020.93463
https://doi.org/10.1249/FIT.0000000000000030
https://doi.org/10.1249/JSR.0000000000000831
https://shop.lww.com/ACSM-s-Guidelines-for-Exercise-Testing-and-Prescription/p/9781975150181
https://shop.lww.com/ACSM-s-Guidelines-for-Exercise-Testing-and-Prescription/p/9781975150181
https://doi.org/10.1007/s42978-024-00311-x
https://doi.org/10.3390/ijerph19148328
https://www.ncbi.nlm.nih.gov/pubmed/35886177
https://doi.org/10.1007/s11695-010-0319-4
https://www.ncbi.nlm.nih.gov/pubmed/21104041
https://doi.org/10.1111/j.1532-5415.2008.02126.x
https://www.ncbi.nlm.nih.gov/pubmed/19207142
https://doi.org/10.1159/000331236
https://www.ncbi.nlm.nih.gov/pubmed/21921658


Nutrients 2024, 16, 3913 12 of 12

36. Donini, L.M.; Busetto, L.; Bischoff, S.C.; Cederholm, T.; Ballesteros-Pomar, M.D.; Batsis, J.A.; Bauer, J.M.; Boirie, Y.; Cruz-Jentoft,
A.J.; Dicker, D.; et al. Definition and Diagnostic Criteria for Sarcopenic Obesity: ESPEN and EASO Consensus Statement. Obes.
Facts 2022, 15, 321–335. [CrossRef]

37. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Routledge: New York, NY, USA, 1998. [CrossRef]
38. van de Laar, A.W.; van Rijswijk, A.S.; Kakar, H.; Bruin, S.C. Sensitivity and Specificity of 50% Excess Weight Loss (50%EWL) and

Twelve Other Bariatric Criteria for Weight Loss Success. Obes. Surg. 2018, 28, 2297–2304. [CrossRef]
39. Mohammadi, S.M.; Saniee, N.; Borzoo, T.; Radmanesh, E. Osteoporosis and Leptin: A Systematic Review. Iran J. Public Health

2024, 53, 93–103. Available online: https://creativecommons.org/licenses/by-nc/4.0/ (accessed on 23 July 2024). [CrossRef]
40. Mendes, C. Effects of exercise for the prevention of sarcopenia after bariatric surgery: A Systematic Review. Res. Sq. 2023.

[CrossRef]
41. Mendes, C.; Carvalho, M.; Bravo, J.; Martins, S.; Raimundo, A. Impact of Bariatric Surgery on Sarcopenia Related Parameters and

Diagnosis—The Preliminary Results of EXPOBAR Study. Preprints 2024. [CrossRef]
42. Min, T.; Prior, S.L.; Dunseath, G.; Churm, R.; Barry, J.D.; Stephens, J.W. Temporal Effects of Bariatric Surgery on Adipokines,

Inflammation and Oxidative Stress in Subjects with Impaired Glucose Homeostasis at 4 Years of Follow-up. Obes. Surg. 2020, 30,
1712–1718. [CrossRef]

43. de Assis, G.G.; Murawska-Ciałowicz, E. Exercise and Weight Management: The Role of Leptin—A Systematic Review and Update
of Clinical Data from 2000–2022. J. Clin. Med. 2023, 12, 4490. [CrossRef] [PubMed]

44. Kojima, M.; Hosoda, H.; Date, Y.; Nakazato, M.; Matsuo, H.; Kangawa, K. Ghrelin is a growth-hormone-releasing acylated peptide
from stomach. Nature 1999, 402, 656–660. [CrossRef] [PubMed]

45. Frühbeck, G.; Diez-Caballero, A.; Gil, M.J.; Montero, I.; Gómez-Ambrosi, J.; Salvador, J.; Cienfuegos, J.A. The decrease in plasma
ghrelin concentrations following bariatric surgery depends on the functional integrity of the fundus. Obes. Surg. 2004, 14, 606–612.
[CrossRef] [PubMed]

46. Frühbeck, G.; Rotellar, F.; Hernández-Lizoain, J.L.; Gil, M.J.; Gómez-Ambrosi, J.; Salvador, J.; Cienfuegos, J.A. Fasting plasma
ghrelin concentrations 6 months after gastric bypass are not determined by weight loss or changes in insulinemia. Obes. Surg.
2004, 14, 1208–1215. [CrossRef]

47. Kruljac, I.; Mirošević, G.; Kirigin, L.S.; Nikolić, M.; Ljubičić, N.; Budimir, I.; Bešlin, M.B.; Vrkljan, M. Changes in metabolic
hormones after bariatric surgery and their predictive impact on weight loss. Clin. Endocrinol. 2016, 85, 852–860. [CrossRef]

48. Karamanakos, S.N.; Vagenas, K.; Kalfarentzos, F.; Alexandrides, T.K. Weight loss, appetite suppression, and changes in fasting
and postprandial ghrelin and peptide-YY levels after Roux-en-Y gastric bypass and sleeve gastrectomy: A prospective, double
blind study. Ann. Surg. 2008, 247, 401–407. [CrossRef]

49. Ghrelin and Adipose Tissue Regulatory Peptides: Effect of Gastric Bypass Surgery in Obese Humans|Oxford Academic. Available
online: https://oxfordjournals.org/view-large/53351672 (accessed on 7 August 2024).

50. Alamuddin, N.; Vetter, M.L.; Ahima, R.S.; Hesson, L.; Ritter, S.; Minnick, A.; Faulconbridge, L.F.; Allison, K.C.; Sarwer, D.B.;
Chittams, J.; et al. Changes in Fasting and Prandial Gut and Adiposity Hormones Following Vertical Sleeve Gastrectomy or
Roux-en-Y-Gastric Bypass: An 18-Month Prospective Study. Obes. Surg. 2017, 27, 1563–1572. [CrossRef]

51. Tsouristakis, A.I.; Febres, G.; McMahon, D.J.; Tchang, B.; Conwell, I.M.; Tsang, A.J.; Ahmed, L.; Bessler, M.; Korner, J. Long-Term
Modulation of Appetitive Hormones and Sweet Cravings After Adjustable Gastric Banding and Roux-en-Y Gastric Bypass. Obes.
Surg. 2019, 29, 3698–3705. [CrossRef]

52. Ouerghi, N.; Feki, M.; Bragazzi, N.L.; Knechtle, B.; Hill, L.; Nikolaidis, P.T.; Bouassida, A. Ghrelin Response to Acute and Chronic
Exercise: Insights and Implications from a Systematic Review of the Literature. Sports Med. 2021, 51, 2389–2410. [CrossRef]

53. Malin, S.K.; Heiston, E.M.; Gilbertson, N.M.; Eichner, N.Z. Short-term interval exercise suppresses acylated ghrelin and hunger
during caloric restriction in women with obesity. Physiol. Behav. 2020, 223, 112978. [CrossRef]

54. Gunton, J.E.; Girgis, C.M. Vitamin D and muscle. Bone Rep. 2018, 8, 163–167. [CrossRef] [PubMed]
55. Zhang, J.; Jiang, J.; Qin, Y.; Zhang, Y.; Wu, Y.; Xu, H. Systemic immune-inflammation index is associated with decreased bone

mass density and osteoporosis in postmenopausal women but not in premenopausal women. Endocr. Connect. 2023, 12, e220461.
[CrossRef] [PubMed]

56. Matos, O.; Ruthes, E.M.P.; Malinowski, A.K.C.; Lima, A.L.; Veiga, M.S.; Krause, M.P.; Farah, L.; Souza, C.J.F.; Lass, A.D.;
Castelo-Branco, C. Changes in bone mass and body composition after bariatric surgery. Gynecol. Endocrinol. 2020, 36, 578–581.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1159/000521241
https://doi.org/10.4324/9780203771587
https://doi.org/10.1007/s11695-018-3173-4
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.18502/ijph.v53i1.14686
https://doi.org/10.21203/RS.3.RS-3563328/V1
https://doi.org/10.20944/PREPRINTS202407.1018.V1
https://doi.org/10.1007/s11695-019-04377-3
https://doi.org/10.3390/jcm12134490
https://www.ncbi.nlm.nih.gov/pubmed/37445524
https://doi.org/10.1038/45230
https://www.ncbi.nlm.nih.gov/pubmed/10604470
https://doi.org/10.1381/096089204323093363
https://www.ncbi.nlm.nih.gov/pubmed/15186626
https://doi.org/10.1381/0960892042386904
https://doi.org/10.1111/cen.13160
https://doi.org/10.1097/SLA.0b013e318156f012
https://oxfordjournals.org/view-large/53351672
https://doi.org/10.1007/s11695-016-2505-5
https://doi.org/10.1007/s11695-019-04111-z
https://doi.org/10.1007/s40279-021-01518-6
https://doi.org/10.1016/j.physbeh.2020.112978
https://doi.org/10.1016/j.bonr.2018.04.004
https://www.ncbi.nlm.nih.gov/pubmed/29963601
https://doi.org/10.1530/EC-22-0461
https://www.ncbi.nlm.nih.gov/pubmed/36598289
https://doi.org/10.1080/09513590.2020.1762558
https://www.ncbi.nlm.nih.gov/pubmed/32406280

	Introduction 
	Methods 
	Study Design 
	Eligibility Criteria 
	Sample Size and Randomization 
	Intervention 
	Outcomes 
	Statistical Methods 

	Results 
	Discussion 
	Conclusions 
	References

