UDC: 616-008.9:577.175.73]-056.257-089

Review

The role of bariatric surgery and appetite-related hormones metabolism

in obesity treatment: a literature review

A. 0. Nykonenko, Ye. I. Haidarzhi, 0. S. Nykonenko, M. H. Holovko, A. S. Protsenko

Zaporizhzhia State Medical University, Ukraine

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.

Poab 6apiaTpuuHoi xipyprii Ta MeTaboAi3My ropmMoHiB aneTuTy B AikyBaHHI 0)XXMPiHHA:
OFASIA AiTEpaTypu

A. 0. HukoHeHKo, €. I. Tapapxi, 0. C. HukoHeHko, M. I. TonoBKo, A. C. MpoLeHKo

OpHUMM 3 HaNYaCTILLMX XIPYPriYHUX BTPYYaHb, SIKi BUKOHYHOTb Nif Yac NikyBaHHS OXMPIHHS, € nanapockoniyHa pykaBHa pesekLis
wnyHka (JIPPLU), nanapockoniyHa nnikauis Benukoi kpuuHn wiyHka (JINBKLL), nanapockoniyHe LWyHTyBaHHS LWnyHka 3a Py
(JILULLP). Mopsig 3 edheKkTMBHOK BTPATOH Bark L onepaLii npu3BoasTb 40 3MiH Y MPOAYKLT rOpMOHIB aneTuTy, KOTpi BigirpatoTb
BaXXIMBY POSb B €HAOKPWHHII perynsiuii eHepreTyHoro ooMiHy.

MeTta po60T1 — BUBYUTH POrb | B3AaEMOAit0 Ha3BaHUX HapiaTpuyHux onepauii (MPPLL, INBKLUi NLLLLIP) i meTaboniamy ropMoHis,
LU0 MOB’Ai3aHi 3 perynsujeto anetTuTy, B NikyBaHHi OXMPIHHS 3a JaHUMKU HAYKOBOI NiTepaTypu, BpaxoByKUM MOMIsSAN BiAOMMX
HapiaTpuyHuX Xipypris.

Marepianu Ta metogu. Ornsg 34iCHUNM LUNSXOM BUKOHaHHS noLLyKy B 6a3ax aaHux Mepexi InTepHet PubMed, Scopus i Google
Scholar, BUKOpUCTOBYtOUM KOMGIHALLitO KMHOYOBMX CAiB, LLO CTOCyloTbCS BapiaTpruyHoi Xipyprii Ta MeTaboniamy ropMoHiB, KoTpi
MoB’A3aHi 3 perynauieto aneTuty.

Pesynkraru. AHanisoani onepauii (TPPLU, JINBKLL i NLLLLIP) cnpsivoBaHi Ha nikyBaHHsi OXMpiHHS, 6e3nocepenHs0 Npr3soasTL
110 ePeKTMBHOTO 3HWKEHHS iHOEKCY Macy Tina Ta BTpaTy Baru, a Takox ornocepeakoBaHo, Yepes PYHKLIK0 XMPOBOI TKAHWUHU iCTOTHO
BNNMBAKOTb HA EHEPreTUYHWIA HanaHc i piBHi FOPMOHIB, LLIO NOB'A3aHi 3 perynsuieto anetuty. OnncaHi aHaToMIYHi Ta disionoriyHi
3MiHU, IMOBIPHO, BUKIMKaAHI BUKOHAHHSM LiX XipypriYHWUX BTPyYaHb.

BucHoBku. JlanapockoniyHa pykaBHa pesekuis LwiyHka (JTPPLL), nanapockoniyHa nnikadlis Benukoi kpusuHmy wiiyHka (JMBKLL),
nanapockoniyHe LWyHTYBaHHA WhyHka 3a Py (JILULLP) — HaiibinbLu edpekTuBHI onepauii B NikyBaHHi OXVPIHHS, MaloTb MoAi6Hi
edhekTn. HasBHa TicHa B3aeMopist Mix iHOEKCOM Macu Tina Ta BTPaToH XKMPOBOi TKaHWHK, LLIO BUKNWKaHa LMK BapiaTpuyHnmy
BTPYYaHHAMW, 3 PiIBHEM rOPMOHIB, siKi NOB'A3aHi 3 perynsuieto anetuty. MNpoTe XipypridHi epekT Ha Leii NPoLEC Y KOXHOMY
BUNaAKY € HEAOCTaTHBO BUBYEHUMM Ta NOTPEDYI0Tb NPOJOBXKEHHS POBOTH B LIbOMY HampsiMi.

PoAb 6apuaTpuueckomn Xupyprum u metaboau3ma ropMoHOB anneTuta
B A€UEHUN OXKMPEHUA: 0630p AUTEpaTypbl

A. A. HukoHeHKo, E. U. Tapapxu, A. C. HukoHeHko, H. T. fTonoBko, A. C. MpoueHko

OOHUMM M3 CaMbIX YaCTbIX XMPYPrUYECKUX BMELLATENbCTB, BbIMOMHAEMbIX NPU NTEYEHNN OXUPEHUS, SBMSKOTCS NManapockonu-
Yeckast pykaBHas pesekuus xenyaka (JIPPX), nanapockonuyeckas nnvkaums 60mbLUoi kpuBuaHb! xenyaka (JTNBKXK), nana-
pockonuyeckoe LUyHTUpoBaHue xenyaka no Py (JILLXKP). Hapsgy ¢ adpdekTBHOM noTepeii Beca 3T onepauuy NpuBOAAT K
M3MEHEHNAM B NMPOLYKLMM FOPMOHOB anneTuTa, KOTOpble UrpatoT BaHYH0 POrb B SHAOKPUHHOWM PErynsLnn SHEpreTnyeckoro
obmeHa.
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Llenb pa6oTbl — U3y4eHre ponu 1 B3auMOLENCTBUS ykasaHHbIx Gapuatpuyeckux onepaunii (TPPXK, JINBKK v JILXKP) n me-
Tabonuama ropMOHOB, CBA3aHHbIX C PErynsunen anneTuTa, B NEYEHU! OXXMPEHUS MO AaHHBIM HAYYHOW NUTEPaTypbl C Y4ETOM
OTAENbHON TOUKN 3PEHNSI U3BECTHBIX GAPUATPUYECKNX XMPYPIOB.

Marepuans! n metogbl. OB30p npoBedeH NyTem NpoBefeHMs novcka B 6as3ax AaHHbIx ceti MHTepHeT PubMed, Scopus u
Google Scholar, ncnonb3ys koMBUHALMIO KIOYEBbIX CMOB, KacatLLMXCst GapuaTprieckoi Xmpypriv 1 MetTabonmama ropMoHoB,
CBSI3aHHbIX C perynsuueil anneTuTa.

Pesynktatbl. AHanuanpyemble onepauuv (JIPPXK, JINBKXK v JILLKP), HanpaBneHHble Ha nevyeHne OX1PeHusl, HeNOCPEACTBEHHO
MPMBOAAT K 3 EKTUBHOMY CHIDKEHUIO MHAEKCa MacChl Tena u noTepe Beca W 0rocpenoBaHHo, Yepes (yHKLMIO XUPOBOMN TKaHW
0Ka3blBAKT 3HAYUTENBHOE BMWSIHUE HA 3HEPreTUYeckuii GanaHc 1 YpoBEHb FOPMOHOB, CBS3aHHBIX C perynsuuei anneuTa.
OnucaHHble B 0630pe aHaToMUYeckne U U3NoNOrMieckue N3MeHeHNsl, BEPOSTHO, BbI3BaHb! BbIMOMHEHUEM YKa3aHHbIX XMpyp-
TMYECKUX BMELLATENbCTB.

BbiBogpbl. Jlanapockonuyeckas pykaBHas pesekums kenyaka, ianapockonuyeckas nimkaums 60mnbLUION KpUBKU3HBI KenyaKa,
nanapocKonmnYecKoe LLYHTUpoBaHue xenyaka no Py — Hanbonee apcheKT1BHbIE OnepaLmn B IEHEHUN OKUPEHUS C MOXOXKUM
achdektom. CyLlecTByeT TECHOE B3aWMOLEWCTBUE MEXIY MHOAEKCOM Macchl Tena, NOTEpEen XUPOBOW TKaHM, BbI3BAHHOM
aHanuampyeMbImM1 6apraTpuyeckuMm BMeLLaTeNsCTBaMm, C ypOBHEM FOPMOHOB, CBS3aHHbIX C perynsuuen annetuta. OgHako
Xvpyprudeckne adheKTbl Ha 3TOT MPOLIECC B KXAOM OTAENLHOM Chyvae HeAoCTaTOMHO M3yYeHbl U TpebytoT AarnbHeiwen

paboTbl B 3TOM HanpaeneHuu.

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 Il 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].
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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 B-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].
Anumber 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
adecrease 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
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Table 1. The results of BMI before and after operation

| eereces

Review

Procedure
Postoperative
LSG

449+34 296+4.1

Kehagias I. 2011
Karamanakos S.N., 2008

Woelnerhanssen B., 2011

Brethauer S.A., 2011

Nykonenko et al. 2016

Karamanakos S.N., 2008
Woelnerhanssen B., 2011

451436 29.0+36
44.7:1.6 32.0 £ 104
447153 32.0+£5.0 Peterli R., 2012
446+ 3.5 30.48 £4.29 Talebpour M., 2017
LGCP 48.39 £4.89 30.13+£2.76 Talebpour M., 2017
40.7 346£6.3 Khidir N., 2017
43757 32.9
38.0+3.1 325+38 Atlas H. et al., 2013
43.0+49 34.7+6.1
RYGB 458 +3.7 31.3+3.9 Kehagias 1. 2011
46.6+3.7 31.5+£34
476+20 31.1£22
476+6.8 31.1£7.5 Peterli R., 2012
46.2+0.6 349038

Nestor De La Cruz-Munoz, 2013

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

e S S [

Ghrelin 127.5+96.9 ng/l 87.5159.1 ng/l Marek Buzga, 2014
610.15 (449.8-775.0) pg/ml 342.0 (316.1-445,6) pg/ml José Manuel Ramon, 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 ug/l 24.3 +13.3 ug/l Marek Buzga, 2014
34.940 (26.843-59.169) pg/ml 11.814 (10.059-23.450) pg/ml José Manuel Ramén, 2012
3,8+ 1,8 nmol/L 1,5+ 1,0 nmol/L Kalinowski P., 2017
Adiponectin 6.3+ 0.4 ug/mL 9.6 + 1.0 pg/mL B. Woelnerhanssen et al., 2011
145+ 6.8 mg/l 24.8+12.0 mg/l Marek Buzga, 2014
LGCP Ghrelin 127.5+96.9 ng/l 201.8+101.1 ng/l Marek Buzga, 2015
Leptin 53.6+14.9 ugll 23.3+12.1 ugll Marek Buzga, 2015
Adiponectin 16.3+7.8 mgll 258+ 11.0mg/l Marek Buzga, 2015
RYGB Ghrelin 584.0 (493.0-645.4) pg/ml 730.0 (611.0-866.7) pg/ml José Manuel Ramén, 2012
74,6 + 32,4 pmol/L 130,2 + 124,3 pmol/lL 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 Ramon, 2012
3,6 + 1,6 nmol/L 1,3+ 1,1 nmol/L Kalinowski P., 2017
Adiponectin 5.6 £ 0.7 pg/mL 11.2£1.5 pg/mL B. Woelnerhanssen et al., 2011
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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 Buiga etal., 2014, 2015, José Manuel Ramon
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 thatin RYGB and LSG operations a compara-
ble reduction in patient body weight occurs, but the ghrelin
levelincreases 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 BuZga 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.
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