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Роль бариатрической хирургии и метаболизма гормонов аппетита  
в лечении ожирения: обзор литературы

А. А. Никоненко, Е. И. Гайдаржи, А. С. Никоненко, Н. Г. Головко, А. С. Проценко

Одними из самых частых хирургических вмешательств, выполняемых при лечении ожирения, являются лапароскопи-
ческая рукавная резекция желудка (ЛРРЖ), лапароскопическая пликация большой кривизны желудка (ЛПБКЖ), лапа-
роскопическое шунтирование желудка по Ру (ЛШЖР). Наряду с эффективной потерей веса эти операции приводят к 
изменениям в продукции гормонов аппетита, которые играют важную роль в эндокринной регуляции энергетического  
обмена.
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The most frequently performed surgical interventions in the treatment of obesity are the laparoscopic sleeve gastrectomy (LSG), 
laparoscopic greater curve plication (LGCP), laparoscopic Roux-en-Y gastric bypass (RYGB). Along with effective weight loss, 
these operations lead to changes in the production of appetite-related hormones that play an important role in the endocrine 
regulation of energy metabolism.
The aim was to learn the role and interaction of the above-mentioned bariatric operations (LSG, LGCP and RYGB) and appetite-
related hormones (ghrelin, leptin, adiponectin) metabolism in obesity treatment using scientific literature data with considering 
famous obesity surgeons’ point of view.
Materials and methods. The current review was conducted by searching the following databases in Internet: PubMed, Scopus 
and Google Scholar, using combination of keywords for the bariatric surgery and appetite-related hormones metabolism.
Results. Our review shows that the above-mentioned surgeries (LSG, LGCP, RYGB), aimed to the treatment of obesity, directly 
lead to a decrease in body mass index and weight loss and, indirectly, through the adipose tissue function, have different significant 
effects on energy balance and appetite-related hormones levels. The anatomical and physiological changes described in the review 
are most likely caused by the above-mentioned surgical procedures.
Conclusions. Nowadays LSG, LGCP and RYGB are the most effective operations in obesity treatment with a strong similarity. 
There is a close interaction between BMI and fat tissue loss, caused by above-mentioned bariatric surgery, with appetite-related 
hormones levels. However, the surgical effects on this process in each case have been not enough studied and requires 
further work in this direction.

Роль баріатричної хірургії та метаболізму гормонів апетиту в лікуванні ожиріння:  
огляд літератури

А. О. Никоненко, Є. І. Гайдаржі, О. С. Никоненко, М. Г. Головко, А. С. Проценко

Одними з найчастіших хірургічних втручань, які виконують під час лікування ожиріння, є лапароскопічна рукавна резекція 
шлунка (ЛРРШ), лапароскопічна плікація великої кривини шлунка (ЛПВКШ), лапароскопічне шунтування шлунка за Ру 
(ЛШШР). Поряд з ефективною втратою ваги ці операції призводять до змін у продукції гормонів апетиту, котрі відіграють 
важливу роль в ендокринній регуляції енергетичного обміну.

Мета роботи – вивчити роль і взаємодію названих баріатричних операцій (ЛРРШ, ЛПВКШі ЛШШР) і метаболізму гормонів, 
що пов’язані з регуляцією апетиту, в лікуванні ожиріння за даними наукової літератури, враховуючи погляди відомих 
баріатричних хірургів.

Матеріали та методи. Огляд здійснили шляхом виконання пошуку в базах даних мережі Інтернет PubMed, Scopus і Google 
Scholar, використовуючи комбінацію ключових слів, що стосуються баріатричної хірургії та метаболізму гормонів, котрі 
пов’язані з регуляцією апетиту.

Результати. Аналізовані операції (ЛРРШ, ЛПВКШ і ЛШШР) спрямовані на лікування ожиріння, безпосередньо призводять 
до ефективного зниження індексу маси тіла та втрати ваги, а також опосередковано, через функцію жирової тканини істотно 
впливають на енергетичний баланс і рівні гормонів, що пов’язані з регуляцією апетиту. Описані анатомічні та фізіологічні 
зміни, ймовірно, викликані виконанням цих хірургічних втручань.

Висновки. Лапароскопічна рукавна резекція шлунка (ЛРРШ), лапароскопічна плікація великої кривини шлунка (ЛПВКШ), 
лапароскопічне шунтування шлунка за Ру (ЛШШР) – найбільш ефективні операції в лікуванні ожиріння, мають подібні 
ефекти. Наявна тісна взаємодія між індексом маси тіла та втратою жирової тканини, що викликана цими баріатричними 
втручаннями, з рівнем гормонів, які пов’язані з регуляцією апетиту. Проте хірургічні ефекти на цей процес у кожному 
випадку є недостатньо вивченими та потребують продовження роботи в цьому напрямі.
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Цель работы – изучение роли и взаимодействия указанных бариатрических операций (ЛРРЖ, ЛПБКЖ и ЛШЖР) и ме-
таболизма гормонов, связанных с регуляцией аппетита, в лечении ожирения по данным научной литературы с учетом 
отдельной точки зрения известных бариатрических хирургов.
Материалы и методы. Обзор проведен путем проведения поиска в базах данных сети Интернет PubMed, Scopus и 
Google Scholar, используя комбинацию ключевых слов, касающихся бариатрической хирургии и метаболизма гормонов, 
связанных с регуляцией аппетита.
Результаты. Анализируемые операции (ЛРРЖ, ЛПБКЖ и ЛШЖР), направленные на лечение ожирения, непосредственно 
приводят к эффективному снижению индекса массы тела и потере веса и опосредованно, через функцию жировой ткани 
оказывают значительное влияние на энергетический баланс и уровень гормонов, связанных с регуляцией аппетита. 
Описанные в обзоре анатомические и физиологические изменения, вероятно, вызваны выполнением указанных хирур-
гических вмешательств.
Выводы. Лапароскопическая рукавная резекция желудка, лапароскопическая пликация большой кривизны желудка, 
лапароскопическое шунтирование желудка по Ру – наиболее эффективные операции в лечении ожирения с похожим 
эффектом. Существует тесное взаимодействие между индексом массы тела, потерей жировой ткани, вызванной 
анализируемыми бариатрическими вмешательствами, с уровнем гормонов, связанных с регуляцией аппетита. Однако 
хирургические эффекты на этот процесс в каждом отдельном случае недостаточно изучены и требуют дальнейшей 
работы в этом направлении.

Introduction
Nowadays, morbid obesity is one of the  most common 
diseases in the world and represents a global problem for 
the world’s population [1,2]. In recent years, there has been 
a significant increase in the number of patients suffering 
from overweight and obesity, which is reaching of epidemic 
proportions and requires action to address the problem 
[3]. According to the literature, more than 1.9 billion people 
aged over 18 are overweight, with 600 million of them are 
obese of varying severity [4]. As an important component of 
the metabolic syndrome, the presence of obesity significantly 
increases the risk of the dangerous diseases and conditions 
such as type II diabetes mellitus, hypertension, coronary 
heart disease, osteoarthritis, sleep apnea, nonalcoholic fatty 
liver, rectum, colon, pancreas cancers, dyslipidemia, and 
related, often fatal, cardiovascular complications [3,5–9]. In 
view of this, the treatment of obesity is becoming more wide-
spread [10–12]. Currently, treatment of obesity successfully 
amenable to bariatric surgery, and the proportion of surgical 
techniques has steadily increased [13–18]. Today, the most 
frequently performed surgical interventions in the surgical 
treatment of obesity are the laparoscopic sleeve gastrectomy 
(LSG), laparoscopic greater curve plication of the stomach 
(LGCP), laparoscopic gastric bypass (RYGB) [2,9,19–24]. 
Such operations are quite effective in a significant reduction in 
the body mass, a decrease in blood cholesterol and glucose 
levels and are associated with low rates of surgical complica-
tions [24–28]. At the same time, these surgical interventions 
change the  levels of appetite-related hormones (ghrelin, 
leptin and adiponectin) due to various technical aspects, 
which play a great role in energy metabolism [29–37]. The 
role of these anatomical and physiological effects in obesity 
treatment have been not enough investigated and continue 
to be discussed by obesity surgeons.

The aim
The aim of this work was to study the role and interaction 
of the above-mentioned bariatric operations (LSG, LGCP 
and RYGB) and appetite-related hormones (ghrelin, leptin, 
adiponectin) metabolism in obesity treatment using scientific 
literature data with considering famous obesity surgeons’ 
point of view.

Materials and methods
The current review was conducted by searching the follow-
ing databases: PubMed, Scopus, and Google Scholar. We 
use combination of keywords relating to bariatric surgery 
and appetite hormones metabolism: bariatric surgery, 
metabolic syndrome, appetite hormones, laparoscopic 
sleeve gastrectomy, laparoscopic greater curve plication, 
laparoscopic Roux-en-Y gastric bypass, ghrelin, leptin and 
adiponectin. The publications in English language from 1998 
to the present day were included. All founded duplicate 
articles were removed, topics and abstracts of the articles 
were reviewed and irrelevant studies were excluded.

Results
Nowadays, the endocrine status of adipose tissue is of 
particular interest. Studies show that adipose tissue is 
highly active endocrine organ that produces a number of 
hormones involved in the regulation of energy metabolism, 
among which leptin, ghrelin and adiponectin deserve special 
attention [38].

Leptin – adipose tissue hormone responsible for satiety 
and plays an important role in the regulation of body weight 
[39]. Leptin is produced mainly by adipocytes and acts as 
a link between adipose tissue and hypothalamic centers, 
although its products are seen in other organs and tissues: 
the bottom area of the  stomach, skeletal muscle, liver, 
placenta [40,41]. This hormone acts on the central nervous 
system by inhibiting food intake and stimulating the feeling of 
hunger and energy expenditure. The level of leptin is directly 
proportional to the amount of adipose tissue. In patients with 
anorexia the level of leptin is sharply reduced, and increases 
in weight gain. Mutations in the gene encoding leptin or its 
receptor cause pathological neuroendocrine dysfunction 
and obesity [42–44]. In addition, a decrease in leptin level 
leads to a decrease in matrix metalloproteinase – 8, which 
leads to a remission of diabetes mellitus in obese patients 
[45]. This proved that leptin is a specific marker of weight 
loss, fat mass loss and its decreasing level can denote ef-
fectiveness of bariatric surgery [28]. After bariatric surgery, 
the size of the adipocytes decreases and the expression of 
leptin increases. Thus, the function of adipocytes is modi
fied, which consists in an improved transfer of leptin [46].

Обзоры
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Ghrelin is one of the most important proteohormones 
involved in the formation of hunger. The physiological feeling 
of hunger during a negative energy balance is a primitive 
survival function, the centers of which are located in the ol
der parts of the brain – the hypothalamus and the hindbrain. 
The sense of appetite for hedonic food, based on a sense 
of taste, smell, appearance, appears in the mesolimbic 
system and the frontal cortex of the brain. These systems 
are closely interrelated. A more progressive hedonic sys-
tem can become dominant in this interaction. So, hormone 
ghrelin is able to change the hedonic perception of food 
and convey a sense of desire to use it even with a positive 
energy balance [47]. This can explain the obesity epidemic, 
associated with a bias in the production of foodstuffs with 
an attractive appearance, taste, smell. Hedonic systems 
become dominant, thereby increasing the feeling of hunger, 
and homeostatic systems remain stable [48]. Simultane-
ously, several other hormones has a significant effect on 
appetite and energy balance. Ghrelin is synthesized from 
prohormone in mucosal epithelial cells of gastric fundus 
and only a small part of this hormone is synthesized in 
the placenta, kidney, pituitary and hypothalamus [49,50]. 
A number of studies have confirmed the effect of prohor-
mone (unacylated) ghrelin, which is more than 90 % of total 
ghrelin, on the sensitivity of cells to insulin, metabolism, 
muscle regeneration and protection of β-cells [51,52]. Large 
numbers of the receptors to ghrelin are found in adipose 
tissue, which emphasizes its role in the regulation of energy 
metabolism [53]. According to studies, ghrelin stimulates 
food intake and hunger center, strengthens the peristalsis 
of the stomach, accelerating its emptying, thus causing 
the urge to eat [54,55]. An interesting fact is that ghrelin is 
significantly increased in patients on a low-calorie diet, and 
stomach bypass surgery reduces the content of ghrelin in 
plasma [56,57]. This confirms the notion that ghrelin con-
centration may be in direct correlation with the stomach size 
and the different types of operations for gastric surface area 
restriction differently may influence its plasma concentration, 
and thus the metabolic processes in the body related to 
obesity treatment and weight loss [58–60].

In addition to the above-mentioned hormones, adipose 
tissue secretes adiponectin – collagenous protein known 
as adipocyte-specific hormone that affects the  carbohy-
drate and fat metabolism [61–63]. The role of this protein 
in the plasma is varied, and its effects on the organs and 
tissues are sufficiently wide [64]. The most important of 
them are the reduction of insulin resistance and lowering 
blood glucose levels as well as anti-inflammatory and 
antiatherogenic effects [65–68]. The level of adiponectin 
decreases in obesity, thereby reducing insulin sensitivity 
and increasing the risk of cardiovascular diseases [69,70]. 
A number of studies have revealed a certain dependence of 
the adiponectin level on body weight changes: with a slight 
increase in body weight the level of adiponectin increases 
and a significant increase in body weight (10–15 %) does 
not change the hormone level. In addition, an increase in 
body weight, characterized by the term «obesity» leads to 
a decrease in the adiponectin level. Thus, there is a certain 
threshold effect of the adiponectin level changing as a 
function of body weight [71,72].

Analysis of literature data showed, that the  most 
frequently performed surgical interventions in the surgical 

obesity treatment, which affect weight loss and metabolism 
of appetite hormones, are the  laparoscopic sleeve gas-
trectomy (LSG), laparoscopic greater curvature plication 
of the stomach (LGCP), laparoscopic Roux-en-Y gastric 
bypass (RYGB) [2,3,8,12,24,73–76]. Due to the surgical 
technique peculiarities for various types of these operations, 
one or another effect on body weight reduction and changes 
in metabolism of appetite hormones that play an important 
role in the  successful obesity and metabolic syndrome 
treatment is achieved.

So, at LSG the tube is formed from the stomach by 
its resection along the  greater curvature to decrease 
food intake and reduce body weight associated with it 
[77]. RYGB is a bypass operation in which a small gastric 
pouch is formed and most of the digestive stomach is ex-
cluded. Thus, the food goes from the esophagus directly 
into the formed small gastric pouch, and then is drained 
into the small intestine, ie, bypassing the duodenum, gets 
directly into the distal small intestine [78]. Gastric bypass 
surgery provides significant weight loss with minimum 
complications [79]. LGCP is a restrictive bariatric proce-
dure without gastrectomy [80]. The innovation of LGCP 
raised some question about its effectiveness compared to 
traditionally used techniques such as LSG [76]. LGCP is a 
novel technique avoiding stomach resection – the gastric 
volume reduction is performing due to invagination and 
cross linking of its walls (plication) [24,73,76,80]. Another 
advantageous feature of LGCP is its reversibility. The 
greater curve of stomach is sutured vertically in rows to 
reduce its volume and distention. This facilitates obese 
patients to intake less food with early satiety. The results 
showed that the LGCP procedure is very safe, effective, 
feasible and efficient with comparable early results to 
other restrictive procedures with minimal morbidities 
[8,24,74–76,80].

In terms of the LGCP, RYGB, LSG procedure effective-
ness in BMI and weight loss, respectively, analysis indicated 
a similarity between them [24,28,76,79–86]. The BMI data 
for the operations are listed in Table 1.

Thus, in these studies we have found impressive results 
regarding weight loss and BMI reduction after LGCP, LSG 
and RYGB.

Table 1. The results of BMI before and after operation

Procedure BMI References

Preoperative Postoperative
LSG 44.9 ± 3.4 29.6 ± 4.1 Kehagias I. 2011

45.1 ± 3.6 29.0 ± 3.6 Karamanakos S.N., 2008
44.7±1.6 32.0 ± 104 Woelnerhanssen B., 2011
44.7 ± 5.3 32.0 ± 5.0 Peterli R., 2012
44.6± 3.5 30.48 ± 4.29 Talebpour M., 2017

LGCP 48.39 ± 4.89 30.13 ± 2.76 Talebpour M., 2017
40.7 34.6 ± 6.3 Khidir N., 2017
43.7 ± 5.7 32.9 Brethauer S.A., 2011
38.0 ± 3.1 32.5 ± 3.8 Atlas H. et al., 2013
43.0 ± 4.9 34.7 ± 6.11 Nykonenko et al. 2016

RYGB 45.8 ± 3.7 31.3 ± 3.9 Kehagias I. 2011
46.6 ± 3.7 31.5 ± 3.4 Karamanakos S.N., 2008
47.6 ± 2.0 31.1 ± 2.2 Woelnerhanssen B., 2011
47.6 ± 6.8 31.1± 7.5 Peterli R., 2012
46.2 ± 0.6 34.9 ± 0.8 Nestor De La Cruz-Munoz, 2013
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Modern situation in surgical treatment of obesity shows 
that all operations (LSG, LGCP, RYGB) due to anatomical 
and physiological changes in the digestive system caused 
by the above mentioned technical aspects, along with effec-
tive weight loss and associated reduction in adipose tissue 
mass, lead to changes in the production and synthesis of 
hormones that are produced in adipose tissue and involved 
in the endocrine regulation of energy metabolism [64]. A 
number of studies have confirmed that the normalization 
of the hormonal profile in patients suffering from obesity 
occurs due to the reduction in the adipose tissue amount 
and does not depend on the method of surgical intervention 
[87]. Marek BuŽga et al., 2014, 2015, José Manuel Ramón 
et al., 2012, B. Woelnerhanssen et al., 2011, marked sig-
nificant changes in the levels of appetite hormones (leptin, 
adiponectin and ghrelin) and anthropometric indicators 
like weight and BMI after LSG, LGCP and RYGB. In their 
studies, all patients attained effective weight loss and dif-
ferent changes in ghrelin, leptin and adiponectin levels after 
bariatric surgery (LSG, LGCP, RYGB) [83,88–91] (Table 2).

Our review showed that leptin level has the tendency to 
decrease after different types of bariatric operations [88–91]. 
The changes in ghrelin levels are controversial after different 
types of bariatric surgery. A number of long-term studies 
have shown that in RYGB and LSG operations a compara-
ble reduction in patient body weight occurs, but the ghrelin 
level increases in RYGB and decreases in LSG. Therefore, 
the level of ghrelin does not affect weight loss [88,90,91]. 
Surgery-mediated modulation of brain function via modified 
postoperative secretion of gut peptides and vagal nerve 
stimulation was identified as an underlying mechanism in 
weight loss and improvement of weight-related diseases. 
Increased basal and postprandial plasma levels of gastroin-
testinal hormones like glucagon-like peptide-1 and peptide 
YY that act on specific areas of the hypothalamus to reduce 
food intake, either directly or mediated by the vagus nerve, 
are observed after surgery while suppression of meal-in-
duced ghrelin release is increased [92].

B. Woelnerhanssen et al., 2011, Marek Bužga et al. 
2014, 2015 showed a tendency to increase in adiponec-
tin levels in all patients after different types of bariatric 

surgery until the 12-month follow-up period that proves 
the effectiveness of bariatric surgery in reduction of insulin 
resistance, lowering blood glucose levels and treatment of 
diabetes mellitus.

Thus, adipose tissue is not inert organ and may 
have functions over and beyond its role in energy depot 
in the body. Our review shows that fatty tissue  – is an 
endocrine organ, playing an important role in a number 
of hormones secretion (leptin, ghrelin, adiponectin) and 
their receptors, involved in metabolic processes. The 
above-mentioned surgery (LSG, LGCP, RYGB), aimed to 
obesity treatment, lead to a decrease in fat mass, through 
the adipose tissue function, indirectly have different effects 
on energy balance and result in weight loss. However, their 
effects on the process in each case have been not enough 
studied and requires further work in this direction.

Conclusions
Our study showed that nowadays LSG, LGCP and RYGB 
are the most effective and safe operations in obesity and 
metabolic syndrome treatment with a strong similarity.

Important metabolic role of appetite hormones (ghrelin, 
leptin and sdiponectin) in the  development of obesity is 
sometimes controversial and at the present stage remains 
insufficiently studied.

The technical aspect of LSG, LGCP and RYGB effect 
on the metabolism of appetite hormones is not sufficiently 
clear and further study of this effect is essential.

Successful surgical treatment of obesity is impossible 
without extensive knowledge of the most common obesity 
surgeries technical aspects (LSG, LGCP and RYGB) and 
their effects on metabolic changes and appetite hormones 
levels (leptin, ghrelin and adiponectin).

Thus, the further studies of the bariatric surgical opera
tions (LSG, LGCP and RYGB) effectiveness and the role 
of appetite hormones (leptin, ghrelin and adiponectin) 
metabolism in the obesity treatment with greater sample 
size and longer follow-up period are necessary.

Table 2. The indicators of appetite-related hormones levels before and after operation

Procedure Hormone Preoperative Postoperative References
LSG Ghrelin 127.5 ±96.9 ng/l 87.5 ±59.1 ng/l Marek Bužga, 2014

610.15 (449.8–775.0) pg/ml 342.0 (316.1–445,6) pg/ml José Manuel Ramón, 2012
76.8 ± 43.7 pmol/L 41.6 ± 11.3 pmol/L Kalinowski P., 2017

Leptin 44.2 ± 3.3 ng/mL 20.4 ± 2.8 ng/mL B. Woelnerhanssen et al., 2011
43.6 ±11.9 μg/l 24.3 ±13.3 μg/l Marek Bužga, 2014
34.940 (26.843–59.169) pg/ml 11.814 (10.059–23.450) pg/ml José Manuel Ramón, 2012
3,8 ± 1,8 nmol/L 1,5 ± 1,0 nmol/L Kalinowski P., 2017

Adiponectin 6.3 ± 0.4 μg/mL 9.6 ± 1.0 μg/mL B. Woelnerhanssen et al., 2011
14.5 ± 6.8 mg/l 24.8 ± 12.0 mg/l Marek Bužga, 2014

LGCP Ghrelin 127.5 ± 96.9 ng/l 201.8 ± 101.1 ng/l Marek Bužga, 2015
Leptin 53.6 ± 14.9 μg/l 23.3 ± 12.1 μg/l Marek Bužga, 2015
Adiponectin 16.3 ± 7.8 mg/l 25.8 ± 11.0 mg/l Marek Bužga, 2015

RYGB Ghrelin 584.0 (493.0–645.4) pg/ml 730.0 (611.0–866.7) pg/ml José Manuel Ramón, 2012
74,6 ± 32,4 pmol/L 130,2 ± 124,3 pmol/L Kalinowski P., 2017

Leptin 45.7 ± 3.3 ng/mL 16.2 ± 4.5 ng/mL B. Woelnerhanssen et al., 2011
18.287 (13.728–31.883) pg/ml 3.454 (2.375–7.263) pg/ml José Manuel Ramón, 2012
3,6 ± 1,6 nmol/L 1,3 ± 1,1 nmol/L Kalinowski P., 2017

Adiponectin 5.6 ± 0.7 μg/mL 11.2 ± 1.5 μg/mL B. Woelnerhanssen et al., 2011
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