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Dynamics of the Eating Behavior Hormone Levels Leptin
and Ghrelin in Patients with Gastroesophageal Reflux Disease
Depending on the Treatment Strategy

The aim of the work: to assess leptin and ghrelin levels in patients with gastroesophageal reflux disease, to assess their dynamics and to
determine their relationship with body mass index.

Materials and Methods. The study included the examination and treatment of 90 patients with gastroesophageal reflux disease (GERD). Laparo-
scopic total fundoplication in a modification of the Short Floppy Nissen technique was performed in 35 patients. Drug therapy was prescribed to 35
patients. The comparison group consisted of 20 healthy volunteers. The groups of patients and healthy control subjects were matched for gender
and age. Venous blood for the study was collected from patients in the comparison group, and in the groups before and after surgical or therapeutic
treatment, as well as from all patients 2-3 months after treatment. Ghrelin (Ghrelin, ELISA, BMS2192, Ebioscience) and leptin (Leptin, Sensitiv
ELISA, KAC2281, Ebioscience) were tested on the InmunoChem-2100 enzyme-linked immunosorbent assay (ELISA) (USA).

Results. The median ghrelin level in healthy participants was 21.2 ng/mL [5.44; 22.7], leptin 0.8 ng/mL [0.22; 1.5], and body mass index
(BMI) 21 kg/m? [18; 25]. In healthy volunteers, a strong positive correlation was observed between leptin levels and BMI (r=0.666,
p=0.001). The correlation between ghrelin and leptin (r=-0.373, p=0.105) and between ghrelin and BMI (r=-0.296, p=0.206) was not
statistically significant. Significant differences were found in concentrations of the metabolic hormones leptin and ghrelin, as well as in
BM]I, in patients with GERD compared to healthy volunteers. Changes in these parameters were also observed after surgical and therapeutic
treatment. A positive correlation between leptin concentration and BMI was established in all groups. Patients had increased leptin levels
and decreased ghrelin levels before surgery and before the start of therapy compared to the control group. After surgery, there was a
significant increase in ghrelin levels compared to preoperative levels, while leptin concentrations decreased. A moderate negative
correlation was found between ghrelin levels and BMI after therapeutic treatment. Correlation analysis demonstrated a consistent
relationship between leptin and BMI in all study groups. The contribution of ghrelin to body weight regulation appeared to be more
context-dependent, varying depending on the stage of treatment and the patient's energy status.

Conclusions. Patients with gastroesophageal reflux disease have an increased leptin levels and decreased ghrelin levels. The consistent
association between leptin and body mass index in all groups confirms its key role as a marker of adipose tissue, while the greater
variability of ghrelin indicates its sensitivity to changes in energy balance and to the effects of treatment. The more pronounced hormonal
dynamics observed after surgery compared with therapeutic treatment suggests that antireflux surgery may affect not only reflux
mechanisms but also metabolic regulation.
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Problem Statement and Recent Research
Analysis. Excess body weight is a major risk factor
for the development of gastroesophageal reflux
disease (GERD), influencing its clinical manifestations
and treatment outcomes, including surgical
interventions. Disruption of energy balance and
alterations in eating behavior in patients with GERD
are accompanied by changes in hormones regulating
appetite and metabolism, among which leptin and
ghrelin play a central role [1, 2].

Leptin, a hormone predominantly secreted by
adipose tissue, participates in the regulation of energy
balance, suppression of appetite, and control of excess
body weight by reflecting long term energy stores in

the organism. Its role in maintaining the balance
between energy intake and expenditure is supported
by contemporary studies on weight regulation and
human energy metabolism [3].

Ghrelin, synthesized primarily by gastric cells, acts
as a potent stimulator of appetite and contributes to
short term regulation of feeding behavior, with
circulating concentrations rising before meals and
declining after food intake. The dynamic interaction
between ghrelin and leptin is considered an important
component of energy homeostasis, particularly under
conditions associated with changes in body weight [4].

Alterations in the levels of these hormones have
been described in various metabolic states, including
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obesity, as well as following interventions that affect
body weight and eating behavior. Studies have
demonstrated that ghrelin and leptin concentrations
may change after bariatric surgery, reflecting adaptive
modifications in the regulatory mechanisms
controlling appetite and energy metabolism [4].

However, data regarding the dynamics of these
hormones in patients with GERD, particularly in the
context of surgical treatment, remain limited [5].
Current evidence indicates that an imbalance between
leptin and ghrelin is associated with excess body
weight, obesity, and metabolic disturbances.
Laparoscopic Nissen fundoplication remains one of
the most effective treatments for GERD, providing
durable antireflux control.

Nevertheless, the consequences of this intervention
for the regulation of eating behavior, appetite, and
hormonal balance have not been sufficiently
investigated [5]. Furthermore, given the association
between body weight changes and the progression of
GERD, investigating leptin and ghrelin in this patient
population may contribute to a better understanding
of the pathophysiological mechanisms underlying the
disease and its treatment.

The aim of the work: to assess leptin and ghrelin
levels in patients with gastroesophageal reflux disease,
to assess their dynamics and to determine their
relationship with body mass index.

Materials and Methods. The study included the
examination and treatment of 90 patients. Laparoscopic
total fundoplication (TSF) modified by the Short
Floppy Nissen technique was performed in 35 patients
with gastroesophageal reflux disease (GERD). Drug
therapy was prescribed to 35 patients with GERD,
including two months of proton pump inhibitors and
prokinetic agents. The comparison group consisted of
20 healthy volunteers. The patient and healthy control
groups were matched by gender and age. Venous
blood was collected for the study in the comparison
group before and after surgical or therapeutic
treatment and 2-3 months after treatment. Ghrelin
(Ghrelin, ELISA, BMS2192, Ebioscience) and leptin
(Leptin, Sensitiv ELISA, KAC2281, Ebioscience)
were tested on the immunoenzyme complex
ImmunoChem-2100 (USA) at the Department of
Clinical Laboratory Diagnostics of Zaporizhzhia State
Medical and Pharmaceutical University. The
concentration of the indicators was expressed in ng/
ml [6].

Inclusion criteria: GERD, consent for treatment
(surgical or therapeutic), absence of general
contraindications to treatment (surgical or therapeutic),
absence of acute surgical pathology or other chronic
gastrointestinal diseases in the acute stage.

Exclusion criteria are the absence of GERD,
refusal of treatment (both surgical or therapeutic), the
presence of acute surgical pathology or other chronic
gastrointestinal diseases in the acute stage.

For the statistical evaluation of the study results,
the Statistica for Windows 13 software package
(StatSoft Inc., No. JPZ8041382130ARCN10-J) and
GraphPad Prism version 11.0.0 (GraphPad Software,
Boston, MA, USA) were used. All results were
checked for compliance with the normal distribution
law. Data with normal distribution were presented as
mean * standard deviation (M+SD), whereas non-
normally distributed data were described using the
median and interquartile range (25th—75th percentiles).
The data were presented as x (x—x). Differences and
interrelationships between groups were assessed
using nonparametric methods, including the Mann —
Whitney U-test and Spearman rank correlation
analysis. Graphical visualization, including correlation
plots, was performed using GraphPad Prism 11.
Differences were considered statistically significant at
p<0.05. All procedures performed in studies involving
human participants were in accordance with the
ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki
declaration and its later amendments or comparable
ethical standards.

Results. Statistically significant differences in
metabolic hormone concentrations and body mass
index were identified between healthy controls and
patients at various stages of treatment (Table).

Median ghrelin levels in healthy participants were
21.2 ng/ml [5.44; 22.7], leptin 0.8 ng/ml [0.22; 1.5],
and body mass index (BMI) 21 kg/m? [18; 25] (Ta-
ble).

In patients prior to surgical intervention, ghrelin
concentrations were significantly lower than in
controls at 12.21 ng/ml [0.83; 21.15] (p<0.001).
Following surgery, ghrelin levels increased
significantly to 19.8 ng/ml [14.8; 31.5] (p<0.001 vs
preoperative values), approaching those observed in
healthy participants. Similarly, patients before
conservative therapy demonstrated reduced ghrelin
levels of 14.6 ng/ml [3.9; 33.4] (p<0.01 vs controls),
whereas after therapy the median reached 18.4 ng/ml
[4.0; 34.7], with no statistically significant differences
from baseline (Table).

Leptin concentrations were significantly higher in
patients prior to surgery compared with healthy
volunteers, reaching 1.63 ng/ml [0.6; 8.6] (p<0.001).
After surgical treatment, leptin levels decreased
significantly to 0.97 ng/ml [0.2; 6.4] (p<0.01 vs
preoperative values). In the conservative treatment
group, baseline leptin levels were also elevated
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Table. Circulating ghrelin and leptin levels and body mass index in healthy volunteers and patients before

and after surgical and therapeutic treatment

Group Ghrelin, ng/ml

Leptin, ng/ml BMI, kg/m?

Healthy volunteers 21.2 [5.44; 22.7]

0.810.22; 1.5] 21[18; 25]

Before surgery 12.21[0.83; 21.15]****

1.63 [0.6; 8.6]**** 26 [18; 35]H***

After surgery 19.8 [14.8; 31.5|#### 0.97 [0.2; 6.4]## 24 [18; 32]#
Before therapy 14.6 [3.9; 33.4]** 1.8 [0.7; 6.8]**** 27 [17; 33]*k**
After therapy 18.4 [4.0; 34.7] 1.6[0.3; 7.5] 25 [16; 34]

Notes: 1. * — Statistically significant differences compared with the healthy volunteers and before surgery and therapy groups.
2. # — Statistically significant differences compared with the before and after surgery groups.

relative to controls at 1.8 ng/ml [0.7; 6.8] (p<0.001).
Following therapy, leptin remained relatively high at
1.6 ng/ml [0.3; 7.5], with no significant reduction
observed (Table).

BMI was significantly higher in patients prior to
surgery compared with healthy participants at 26 kg/
m? [18; 35] (p<0.001). After surgical treatment, BMI
decreased significantly to 24 kg/m? [18; 32] (p<0.05
vs preoperative values) but remained above control
levels. A similar pattern was observed in the conser-
vative treatment group, where BMI was 27 kg/m? [17;
33] before therapy (p<0.001 vs controls) and showed
no significant reduction after treatment at 25 kg/m?
[16; 34] (Table).

Overall, patients were characterized by elevated
BMI and hyperleptinemia accompanied by reduced
ghrelin concentrations prior to treatment. Surgical
intervention was associated with pronounced
metabolic changes, including a significant increase in
ghrelin together with reductions in leptin and BMI. In
contrast, conservative therapy did not produce
comparable hormonal or metabolic shifts.

Correlation analysis across the study groups
demonstrated distinct association patterns. In healthy
volunteers, a strong positive correlation was observed
between leptin levels and BMI (r=0.666, p=0.001).
Correlations between ghrelin and leptin (r=-0.373,
p=0.105) and between ghrelin and BMI (r=-0.296,
p=0.206) were not statistically significant (Figure 1,
A).

Among patients prior to surgery, a moderate
positive association between leptin and BMI was
identified (r=0.511, p=0.0017), whereas correlations
involving ghrelin remained nonsignificant, including
ghrelin with leptin (r=0.076, p=0.666) and ghrelin
with BMI (r=-0.136, p=0.435) (Figure 1, B).

Following surgical treatment, the moderate
positive leptin—-BMI relationship persisted (r=0.485,
p=0.003). However, correlations between ghrelin and

leptin (r=0.232, p=0.179) and between ghrelin and
BMI (r=-0.080, p=0.650) remained nonsignificant
(Figure 1, C).

Before conservative therapy, leptin and BMI were
also moderately positively correlated (r=0.487,
p=0.018) (Figure 1, D), while ghrelin showed no
significant associations with leptin (r=0.193, p=0.377)
or BMI (r=-0.235, p=0.280).

After therapy, a moderate positive correlation
between leptin and BMI was maintained (r=0.499,
p=0.015) (Figure 1, E). Additionally, a moderate
inverse correlation emerged between ghrelin and BMI
(r=-0.508, p=0.013) (Figure 1, F), whereas the ghrelin-
leptin correlation remained nonsignificant (r=0.034,
p=0.878).

Discussion. The aim of the present study was to
investigate leptin and ghrelin levels in patients with
gastroesophageal reflux disease and to evaluate their
dynamics depending on the selected treatment
strategy. The conducted analysis allowed not only the
characterization of changes in the concentrations of
these hormones but also the determination of their
relationship with fat mass indicators and body mass
index.

Significant differences in the concentrations of the
metabolic hormones leptin and ghrelin, as well as
BMI, were identified in patients with GERD compared
with healthy volunteers. Changes in these parameters
were also observed following surgical and therapeutic
treatment. These findings are consistent with well
described mechanisms of endocrine regulation of
energy homeostasis.

Apositive correlation between leptin concentration
and BMI was established across all groups, reflecting
the fundamental physiological relationship between
fat mass and leptin secretion. Leptin is the principal
adipokine synthesized by adipocytes, and its
concentration correlates with adipose tissue volume,
as demonstrated in classical studies in which leptin
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Figure 1. Correlation analysis between metabolic hormones and body mass index across study groups. Panels A — E
demonstrate significant positive correlations between leptin levels and BMI in healthy individuals, before and after surgery,
and before and after conservative therapy. Panel F shows a moderate inverse correlation between ghrelin and BMI after
therapy. Other correlations involving ghrelin were not statistically significant and are not shown.

increased linearly with rising BMI regardless of
weight category including normal weight, overweight,
and obesity. These observations are supported by a
large study showing that leptin increases while ghrelin
decreases with increasing BMI, highlighting the close
association between leptin and body fat mass and its
role in metabolism [7].

Additionally, patients prior to surgical intervention
and before the initiation of therapy exhibited elevated
leptin levels and reduced ghrelin levels compared
with controls. These hormonal shifts are characteristic
of conditions associated with increased fat mass and
impaired energy balance. It is well established that
elevated leptin in obesity reflects increased adipocyte
mass, whereas ghrelin is typically reduced, which is
consistent with the concept of compensation for
decreased sensitivity to this hormone during metabolic
stress [8].

Following surgical intervention, a significant
increase in ghrelin levels compared with the
preoperative state was observed, whereas leptin
concentrations decreased. These changes in hormonal

profiles reflect metabolic adaptation in response to
weight reduction and are consistent with literature
reporting increased ghrelin alongside decreased leptin
after surgical procedures, including bariatric
interventions [9]. Moreover, surgical interventions on
the stomach have been shown to be associated with
alterations in hormones involved in appetite
regulation, including ghrelin and leptin. These
changes are considered one possible explanation for
the metabolic effects of surgical treatment [4, 10, 11].

Furthermore, a moderate inverse correlation
between ghrelin levels and BMI was identified after
therapeutic treatment, which may reflect partial
restoration of the physiologically expected relationship
between the hunger hormone and body weight
parameters. Similar phenomena have been described
in studies where changes in ghrelin were associated
with weight dynamics during non-surgical treatment,
emphasizing the importance of ghrelin as a marker of
short-term energy homeostasis [12].

Our results also demonstrate that leptin levels are
closely associated with the amount of adipose tissue
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and remain a relatively stable parameter across all
studied groups. In contrast, ghrelin concentrations
exhibit greater variability and respond more rapidly to
surgical and therapeutic interventions. These
differences are well explained by the physiology of
these hormones. Leptin is produced by adipocytes,
and therefore its level is primarily determined by
adipose tissue volume and changes gradually [13].
Ghrelin, which is predominantly synthesized in the
stomach, participates in appetite regulation and can
change rapidly depending on nutritional status, body
weight, and the functional state of the gastrointestinal
tract and after surgical intervention on the gastric
fundus [14]. Consequently, leptin reflects long term
metabolic characteristics, whereas ghrelin is more
sensitive to current metabolic alterations and may
respond more quickly to treatment [15].

Finally, correlation analysis demonstrated a
persistent association between leptin and BMI across
all study groups, underscoring the intergroup stability
of metabolic mechanisms regulating fat mass. At the
same time, the contribution of ghrelin to body weight
regulation appeared more context dependent, varying
according to treatment stage and the patient’s energy
state. This multidimensional regulation is consistent
with contemporary concepts of hormonal appetite
control, in which leptin and ghrelin function as
components of an integrated yet complex signaling
network influencing energy homeostasis, body
weight, and metabolic adaptation to weight change [5,
16].
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3anopisbkuli depxasHuUll Meduko-thapmayesmuydHull yHisepcumem, 3anopixoks, YkpaiHa

AnHamika piBHIiB rOpMOHiIB Xap4yoBOIl NOBeAIHKU NIENTUHY Ta rpeniHy B nayieHTiB
i3 racTpoesocpareasibHOIO peh/IFOKCHOIO XBOPOGOIO 3a/1€XXHO Bif, cTpaTerii likyBaHHA

Merta po6oTH: OL[iHUTH DiBHi JIENITUHY Ta FPeJIiHY B MAL[iEHTIB i3 racTpoe3odareanbHO0 pedIIOKCHOI0 XBOPOOOI0, IPOaHasIi3yBaTH J1Ha-

MIKY Ta BU3HAUMTH iX 3B'A30K 3 iH/|eKCOM MacH Tisa.

Marepiau i meToau. [{0C/Ti/DKeHHsT BK/IFOUaIo 00CTexXeHHs Ta yiikyBanHs 90 maifieHTiB i3 racrpoe3odareanbHo0 pedroKCHOI XBOPO-
6oto (I'EPX). JTamapocKoriuHy ToTaabHy GyHAoIUTiKaLiI0 y MoAudikarii 3a metoaukoro Short Floppy Nissen 6ys1o npoBezieHo 35 XBOpHM.
MeiKaMeHTO3HY Tepartito mpu3HayriH 35 narjientam. ['pyry nopiBHsHHs ckranu 20 3740poBrX 00poBobLiB. ['pynu nmawjieHTiB Ta 3710-
POBUX JIFOfiel i3 KOHTPO/IBHOI rpyrnu Oy/M 3icTaBHI 3a CTATTIO Ta BikoM. BeHO3HY KpOB ISt JOC/TiZKeHHs1 30HUpai y XBOPHX i3 rpynu
TIOPIBHSIHHS Ta B TPyMax [0 Ta Mic/st XipypriuHoro abo TepareBTUUHOrO JIIKYBaHHS, a TaKOXK y BCiX MAL[iEHTIB yepe3 2—3 MicsLi mics
nikyBaHHs. I'pestin (Ghrelin, ELISA, BMS2192, Ebioscience) Ta sientus (Leptin, Sensitiv ELISA, KAC2281, Ebioscience) TectyBanu Ha

imyHOdepmenTHOMY Komrutekci ImmunoChem-2100 (CIIIA).

Pe3ysnbraTu. MejjiaHHUIA piBeHb TpesliHy B 3/l0pOBUX yuacCHUKIB cTaHOBUB 21,2 Hr/mn [5,44; 22,7], nentuny — 0,8 ur/mn [0,22; 1,5], a
inzexc Macu tina (IMT) — 21 kr/m? [18; 25]. Y 300poBHX 40OPOBOJBLIB CrIOCTepiranacs CHIbHA TO3UTUBHA KOPeJTsLlis MK PiBHEM JIer-
trHy Ta IMT (1=0,666, p=0,001). Kopessiiis Mixx rpesiinom Ta nentuHoM (r=-0,373, p=0,105) Ta Mix rpesinom # IMT (r=-0,296, p=0,206)
He Oy/1a CTaTUCTUYHO 3HAUyIL[Ot0. Y mauieHTiB i3 TEPX, mopiBHsHO 3i 310poBUMH J0OPOBOMBLIAMHU, OY/I0 BUSBIEHO 3HAUHI BiJMiHHOCTI B
KOHL{eHTPAL[isIX MeTabo/TiYHIX TOPMOHIB JIENTUHY Ta IPejliHy, a TakoK B IMT. 3MiHHM [JUX apaMeTpiB TAaKOX CIIOCTepiraaucs micis Xipyp-
riYHOro Ta TeparieBTUYHOrO JiKyBaHb. [103UTHBHA Kopesisit{ist MK KOHLjeHTpatjieto tenTuHy Ta IMT Gysia BCcTaHOB/IeHa B ycix rpymax. Y
TallieHTiB /10 XipypriyHoro BTpy4YaHHs Ta J|0 TIOUaTKy Teparii criocTepiraBcs MiIBUILEHNI piBeHb JIENTUHY Ta 3HWKEHUM piBeHb rpestiHy
TIOPiBHSIHO 3 KOHTPOJILHOO TPyIIOr0. Ilicsist XipypriuHoro BTpyuaHHs Oy/10 3HauHe TiJBUIL|eHHs PiBHS TPeJIiHy, OPiBHSHO 3 Joorepariiii-
HHM CTaHOM, TOZi SIK KOHL|eHTpaL{ist JIENTHHY 3HU3M/Iacst. [1ic/is TepareBTHYHOrO JIiKyBaHHS 0y/10 BHUSIB/IEHO TIOMipHY HEraTUBHY KOpeJisi-
Lito M piBHeM rpesiny Ta IMT. KopensuiliHuii aHasti3 npoJjeMOHCTPYBaB CTiMKUM 3B'S30K MK sleniTuHOM Ta IMT y Bcix focigHux
rpynax. BHecok rpesiHy B perysisiLiito Macy Tiia BUSIBUBCS Oi/IBbLI 3a/1e)KHUM BiJj KOHTEKCTY, 3MiHIOIOUHCh 3aJ/Ie)KHO BiJ| CTazii JTiKyBaHHS

Ta eHepreTUYHOro CTaHy MaljieHTa.

BucHoBkHu. Y nauieHTiB i3 TEPX criocTepiraeTbcst miJjBullieHUid piBeHb JIENTUHY Ta 3HWKeHUH piBeHb rpestiny. [TocTiiHUI 3B'S30K MK
nentrHoM Ta IMT B ycix rpynax migTBepzpKye HOro KIo4oBy posib SIK MapKepa KMPOBOI TKaHWHH, TOZi SK Oisbllia MiHIUBICTh TpestiHy
BKa3ye Ha HOTo UyT/IMBICTb /10 3MiH eHepreTHUHOro OanaHCy Ta A0 BIUVIMBY JIiKyBaHHs. BinbIl BHpa)keHa rOpMOHa/IbHA AWHAMiKa, 10
CIOCTepiraeTbes Mic/si XipypriyHoro BTpyuyaHHsl, IOPiBHSHO 3 TepareBTUUHUM JIiKYBaHHSM, CBi[UUTb MPO Te, 11j0 aHTHPe/IFOKCHA Xipyp-
Tisi MOXKe BIJIMBATH He JIMIIe Ha MeXaHi3Mu pedUIroKCy, ajie i Ha MeTabosTiuHy peryssiito.

KimrouoBi cioBa: racrpoesodareasbHa pedroKcHa XBopo0a; J1anapocKorniuHa (yH/0MIIiKaLlisl; XapyoBa MoBe/liHKa; rPeJliH; JIeNTHH.
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