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Wykaz skrétéw

WHO - Swiatowa Organizacji Zdrowia (Word Health Ogranization)

LSG - Laparoskopowa rekawowa resekcja zotgdka (Laparoscopic sleeve gastrectomy)
BMI — Wskaznik Masy Ciata (Body Mass Index)

IL-6 — Interelukina-6 (Interleukin 6)

TNF-a — Czynnik martwicy nowotwordw alfa (Tumor Necrosis Factor Alpha)

CRP — Biatko C-reaktywne (C-Reactive Protein)

IL-10 - Interelukina-10 ( Interleukin 10)

EWL - Utrata nadmiarowej masy ciata (Excess Weight Loss)



1. Wstep

Otytos¢ jest jednym z najpowazniejszych probleméw zdrowotnych XXI wieku,
prowadzacym do licznych powiktan metabolicznych i sercowo-naczyniowych. Wedtug
Swiatowej Organizacji Zdrowia (WHO) ponad miliard oséb na $wiecie zmaga sie z otytoscia, a
jej czestos¢ wystepowania nadal rosnie [1]. Otytos¢, jako choroba przewlekta, jest zwigzana z
utrzymujacym sie stanem zapalnym o niskim stopniu nasilenia, okreslanego jako ,meta-
zapalanie” (ang. metainflammation). Stan ten sprzyja rozwojowi insulinoopornosci, cukrzycy
typu 2, chordéb uktadu krazenia oraz niektdrych nowotworéw. Kluczowe mechanizmy tego
procesu obejmujg nadmierng produkcje cytokin prozapalnych przez tkanke ttuszczowg oraz
aktywacje uktadu odpornosciowego, co prowadzi do zaburzen metabolicznych [2, 3].
Modyfikacja stylu zycia, obejmujgca interwencje dietetyczne oraz zwiekszong aktywnosc
fizyczng, stanowi podstawowa strategie terapeutyczng w leczeniu otytosci, jednak jej
dtugoterminowa skutecznos$¢ jest ograniczona ze wzgledu na trudnosci w utrzymaniu
redukcji masy ciata [4]. Chirurgia bariatryczna jest obecnie uznawana za najskuteczniejszg
metode trwatej redukcji masy ciata u pacjentéw z otytoscig olbrzymia [5]. Laparoskopowa
rekawowa resekcja zotgdka (LSG) jest jednym z najczeSciej wykonywanych zabiegéw
bariatrycznych na sSwiecie [6]. Polega ona na usunieciu okoto 2/3 objetosci zotadka, co
prowadzi do zmniejszenia objetosci spozywanych pokarmow oraz wptywa na mechanizmy
hormonalne regulujgce apetyt i metabolizm [7]. Wyniki badan jednoznacznie wskazuja, ze
LSG prowadzi do trwatej redukcji masy ciata oraz poprawy parametréw metabolicznych,
takich jak stezenie glukozy, insuliny i profilu lipidowego [8, 9]. Co wiecej, operacja ta
zmniejsza poziom markerdw zapalnych, przyczyniajgc sie do redukcji ryzyka choréb sercowo-
naczyniowych i metabolicznych [10]. Badania nad wptywem chirurgii bariatrycznej na ukfad
odpornosciowy koncentrujg sie na analizie poziomdw cytokin pro- i przeciwzapalnych.
Tkanka ttuszczowa, zwtaszcza trzewna, dziata jak aktywny narzad endokrynny, wydzielajgc
adipokiny i cytokiny prozapalne, w tym IL-6, TNF-a i CRP, ktére odgrywaja kluczowg role w
rozwoju insulinoopornosci, cukrzycy typu 2 i miazdzycy [11]. Z drugiej strony, cytokiny
przeciwzapalne, takie jak IL-10, odgrywajg role ochronng, ograniczajgc nadmierng

odpowied? zapalng [12].



Zagadnienia zwigzane z analizg wybranych parametréw zapalnych u pacjentéw otytych
poddanych operacjom bariatrycznym, zostaty opisane w pracy pogladowej Bracha M, Szady-
Grad M. Selected blood parameters with potential diagnostic application in the course of
inflammation in chronically obese individuals undergoing bariatric surgery. Pielegniarstwo w
Opiece Dtugoterminowej/Long-Term Care Nursing. 2023;8(2):39-45 bedacej czescig cyklu

publikacji prezentowanych w tej rozprawie doktorskiej (publikacja I).
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Abstract (in Polish):

Chirurgia bariatryczna zostala uznana za najskutecznicjsza diugoterminowa metodg leczenia otylodci,
Prowadzi do radykalnej i trwalej utraty wagi, poprawy jakosc fycia oraz zmniejszenia ryzyka wystapienia
chorab metabolicenych. Poszukiwanie potencjalnego mechanizmu odpowiedzialnego za patogeneze
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chorob zwigzanych z otyloiciy ujawnilo scisly zwigzek migdzy nadmiarem skladnikow odzywezych
a rozwojem stanu zapalnego. Coraz wicksza ilosc badan dotyceacych wphywu chirurgii bariatrycene
na poziom parametrow stanu zapalnego we krwi dowodsd zmniejszenia ogolnoustrojowegn stanu
zapalnego.

Abstract {in English):

Bariatric surgery has been recognized as the most effective long-term treatment for obesity. It leads
to radical and permanent weight loss, improved quality of life and reduced risk of metabolic diseases.
The search for a potential mechanism responsible for the pathogenesis of obesity-related diseases
has revealed a close relationship between excess nutrients and the development of inflammation. An
increasing number of studies on the impact of bariatric surgery on the level of inflammatory parameters

in the blood proves a decrease in systemic inflammation.
Keywords (in Polish): otylosc, stan zapalny, operacja bariatryczna.
Keywords (in English): obesity, inflammation, bariatric surgery.
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Introduction

Obesity is a rapidly growing public health problem, occurring both in highly industrialized
and developing countries. The majority of the world's population lives in countries where overweight
and obesity result in more deaths than undernutrition [1]. According to a report published by the
WHO in May 2022, more than one billion people worldwide are obese — 850 million adults, 340
million adelescents and 39 million children. In Europe, 60% of the population is overweight or obese,
and this figure is still growing [2]. This is due to excessive energy intake from food consumption
coupled with reduced energy expenditure, leading to an increase in body fat mass. This leads to the
development of low-grade inflammation, called metabolic inflammation or meta-inflammation [3].
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Significant weight loss oceurring after barfatric surgery gives the opportunity to learn about the
mechanisms underlying the development of comorbidities in obesity [4]. Current research results
allow us to assume that after bariatric surgery, the level of inflammatory parameters in the blood will
gradually decrease.

The aim of the study was to present current knowledge on selecled parameters of blood
inflammation in chronically obese people undergoing bariatric surgery.

According to the WHO, overweight and obesity are defined as abnormal or excessive
accumulation of body fat, which affects the deterioration of health. The main indicator for diagnosing
abnormal body weight in adults is body mass index (BMI). BMI above 25 kg / m2 indicates overweight,
while above 30 kg/m2 indicates obesity [1]. Obesity is a disease that affects most body systems - the
heart, liver, kidneys, joints and reproductive system. It leads to a number of non-communicable
diseases (NCDs), such as type 2 diabetes, cardiovascular diseases, respiratory diseases, different kind
of cancers, as well as neurodegenerative diseases and mental health problems [5].

The search for a potential mechanism responsible for the pathogenesis of obesity-related
diseases revealed a close relationship between excess nutrients and the development of inflammation
[3]. Adipose tssue is mainly made of adipocytes, but other cells are also imvolved in its growth and
functioning, including preadipocytes, lymphocytes, macrophages, fibroblasts and vascular cells.
Currently, adipose tissue is considered to be an active endocrine organ synthesizing numerous,
biologically active peptides called adipokines, which act within adipose tissue and on distant organs
and tissues that can cause increased inflammation. Obesity can lead to significant changes in the
cellular composition of adipose tissue and also modulate the phenotype of the cells present there
[6]. Many factors are involved in the development of meta-inflammation, which include hypoxia
and adipocyte death, oxidative stress, endoplasmic reticulum stress, activation of inflammasomes,
activation of TLR receptors and disorders of the compesition of the natural intestinal flora [7, 8, 9].

Although diet, lifestyle modification, and pharmacological therapy are common treatment
oplions for obesity, current evidence indicates that these interventions do not show long-term
weight reduction in cases of morbid obesity [10, 11, 12]. Bardatric surgery is currently the most
effective treatment for patients with obesity whose BMI exceeds 40 kg/m?2 or 35 kg/m?2 with current
obesity complications. Surgery leads to radical and permanent weight loss, improved quality of life
and reduced risk of obesity-related disorders [13]. Among bariatric treatments, we distinguish three
main types of surgeries: restrictive, exclusionary and restrictive-exclusionary. Among the restrictive
methods, we distinguish adjustable gastric banding (AGB), vertical gastric banding (VGB),
laparoscopie sleeve gastrectomy (LSG). Exclusionary surgeries significantly reduce the absorption of
energy from food consumption by excluding part of the digestive tract from digestion and absorption.
These include biliopanereatic diversion (BPD). Restrictive-exclusionary methods include: Roux-Y-
gastric bypass (RYGE), mini-gastric bypass (OAGB, MGB), biliopancreatic diversion with duadenal
switch (BPD-DS) [14, 15]. EYGE and LSG together account for more than 80 % of bariatric surgery
performed worldwide [16].

Weight reduction interventions in obese patients are associated with improvements in
systemic inflammation [17]. Inflammation in people with obesity can be measured by quantifying
inflammatory parameters such as pro-inflammatory cytokines (e.g. tumor necrosis factor (TWNF-a),
interleukin 1 (IL-1), interleukin & (IL-6), interleukin 8 (IL-8), leukocyte counts, adipokines,
C-reactive proteins (CRPs), high sensitivity CRP (hs-CRP) [5, 18]. An inereasing number of studies
indicate that bariatric surgery (BS) lowers inflammatory parameters in the blood [19].
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A meta-analysis of 95 studies involving a total of 6232 patients undergoing bariatric surgery
showed a significant decrease in leptin, ghrelin, CRP, hs-CRP, IL-6, TNF-a, IL-1p levels and an
increase in adiponectin, GLP-1 and YY peptide (PYY) levels [20]. El-Zawawy et al. in their study
showed a decrease in hs-CRP levels after just 3 months after BS [21]. This is accordance with the
results of Lautenbach et al., which showed a significant reduction in hs-CRP after & months, 2 years
and 4 years [rom BS respectively [19]. Furthemore, Oliveras et al. in their studies showed a significant
reduction in hs-CRP after 1 year from BS [22]. The aim of the study of Lautenbach et al. was a long-
term evaluation of the effect of BS on inflammatory markers. The results of a four-year study
involving 163 patients showed that patients with optimal weight loss exhibited a significant decrease
in leukocytes, CRP throughout the follow-up period. The most significant decrease in inflammatory
state parameters was observed in the first 6 months after surgery. The reduction in inflammation was
statistically significantly associated with a decrease in BMI and remission of type 2 diabetes [19].
In the research of Netto et al. the impact of BYGE surgery on pro-inflammatory, prothrombotic
parameters and selected metabolic syndrome parameters was assessed. After 6 months from surgery,
a statistically significant decrease was observed in PAI-1, CRP intercellular adhesion molecules 1
{ICAM-1), leptin, resistin and TNF-a. Moreover, a decrease in the leptinfadiponectin ratio was
also observed. Levels of anti-inflammatory IL-10 and adiponectin were elevated [23]. In addition,
the ratio of adiponectin to leptin can be considered as a better parameter of inflammation than
adipokines alone, since this ratio is characterized by high sensitivity and specificity for metabolic
parameters, regardless of BMI values [24]. In the studies of Sachan et al. the profile of inflaimmatory
adipocytokines: IL-6, IL-8, CRP, TNF-a and adiponectin and rezistin in blood serum was evaluated.
The tests were performed first immediately after BS (on the day of discharge from the hospital)
and then 6 months after surgery. Postoperative evaluation of serum eytokines showed a significant
reduction in serum TNF-a concentrations while lowering IL-8 levels. On the other hand, an
inerease in CRP and IL-6 was found. CRP is an acute phase protein, so its concentration in the
immediate postoperative period may have been higher. After 6 months, the levels of CRP, MCP-1,
IL-8 decreased, while the level of adiponectin increased significantly compared to its initial level.
The study noted that IL-6 levels began to inerease in the immediate postoperative period, while
TMF-a levels decreased. Over time after surgery and during follow-up evaluation at 6 months,
TMF-a showed an upward trend with an accompanying increase in IL-6 levels. The authors of the
study point out that the interaction of cytokines can be much more complex [25]. In a meta-analysis
of 116 studies examining the impaet of bariatric surgery on the levels of IL-8, TNF-a, and CRP in
blood serum, a statistically significant reduetion in their concentrations was observed [18]. Also,
studies conducted on a group of 126 L3G patients showed a statistically significant decrease in serum
concentration of IL-1B, IL-6 and IFNy during the 12-month observation period [26]. The results
obtained by Carmona-Mauricd et al. in a study of 62 OAGE patients reported a significant decrease
in hs-CRP and IL-6 levels within 12 months after surgery. In terms of postoperative adipocytokine
changes, serum adiponectin levels increased significantly, while leptin and resistin levels decreased.
However, no significant changes were observed in the serum concentrations of [L-8 and TNF-a 12
months after surgery [27]. The study conducted by Schmatz et al. focused on inflammatory markers
and exidative stress markers in patients after RYGB surgery. The study demonstrated a significant
decrease in the concentration of lipid peroxidation products, carbonyl groups of proteins, and
non-protein thiol groups (NPSH). Additionally, there was an increase in the activity of superoxide
dismutase {SODY) and catalase (CAT). Furthermore, the decrease in resistin levels was accompanied

11
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by a reduction in inflammatory markers [L-1, IL-6, and TNF-qa, as well as an increase in the anti-
inflammatory adiponectin [28].

Conclusions

Low-grade chronic inflammation plays a crucial role in the development of metabolic diseases
in individuals with chronic obesity. This condition results from the increased release of pro-
inflammatory factors in response Lo an increased number of adipocytes and immune cells in adipose
tissue [29]. Bariatric surgery has been recognized as the most effective long-term treatment for
obesity. In addition, long-term studies have proven that it is effective in the treatment of diabetes and
cardiovascular diseases [30] An increasing number of studies on the impact of bariatric surgery on
the level of inflammatory parameters in the blood prove a reduction in systemic inflammation due o
fat loss. Recent studies show a decrease in the level of the following parameters: CRP, IL-14, [L-6, II-
8, [FNy, PAI-1, ICAM-1, leptin, resistin, ghrelin and an increase in the concentration of adiponectin,
GLP-1 and PYY concentrations. Results may differ slightly, which may be attributed to differences
in the type of bariatric surgery, patients’ initial body weight, or the duration of observation (19).
With the increasing use of bariatric surgery in the treatment of obesity, it is crucial to elucidate
the underlying mechanisms responsible for improving the health status of individuals with chronic
obesity [4].
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2. Cel pracy

Gtébwnym celem prezentowanej pracy byta ocena wptywu operacji bariatrycznej
(laparoskopowej rekawowej resekcji zotadka - LSG) na stezenie wybranych cytokin w
przebiegu redukcji masy ciata. Badanie koncentruje sie na okresleniu predyktoréw sukcesu
metabolicznego we wczesnych (3 miesigce) i podinych (12 miesiecy) okresach
pooperacyjnych.

Cele szczegdtowe
e (Okreslenie sukcesu metabolicznego po 3 miesigcach od LSG

e QOkreslenie sukcesu metabolicznego po 12 miesigcach od LSG
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Abstract

Purpose Bariatric surgery poses an ever-increasing importance in the effective and long-lasting treatment of obesity, a
condition strongly associated with inflammation and increased risk of other diseases and health problems. In obesity-related
inflammation, maintaining a balance between pro-inflammatory and anti-inflammatory eyvtokines is crucial. In this study.
we examined early effects of laparoscopic sleeve gustrectomy (LSG) on inflammatory and anti-inflammatory cytokines in
obese patients, and assessed their effect on postoperative weight loss.

Materials and Methods This prospective cohort study was conducted from September 2022 ull June 2023. Fifty obese adults
were enrolled for LSG. All patients underwent assessments of body measurements, as well as levels of interleukin-6 (IL-6),
interleukin-10 {IL-10), and THF-alpha at baseline and 3 months postsurgery. We developed a decision tree model to predict
the success of weight loss.

Results At 3 months postsurgery, patients lost 189+ 6.9 kg of excess body weight. A significam decrease was observed for
IL-10{p < 0.0001 ), simultaneously with a significant increase in [L-6 (p < 0U0001). We found that high IL-6 (> 1.169 pgfmlL)
levels could contribute to an effective weight loss among patients with a baseline BMI less than 47 46 kgim®.

Condusion Study revealed that 3 months after bariatric surgery, inflammation persists, and its markers significantly influence
postoperative weight loss, as indicated by BMI range. Distinct behaviors of [L-10 and IL-6 1n relation to obesity underline
the necessity of considering individual cytokine profiles when evaluating bariatric surgery outcomes.

Keywords Bariatric surgery - Interleukin-6 « Interleukin- 10« Tumor necrosis factor-o - Body measures

Introduction

Mariena Bracha and Alina Jaroch contrabuted equally 1o this work
and share first authorship. Overweight and obesity are still a pressing global health
problem, despite numerous programs and strategies aim-

Key Polnts . i . .

1. Low-grade inflammarion persisss 3 monhe poetberiatric susgery ing to ease this epidemic. The number of people affected
and contributes o ongoing weight loss. by excess body weight is growing dramatically, and this
2. Higher preoperative interleukin-6 levels predispose patieats to 3 tendency shows no signs of slowing down [1]. As diet

bower BMI category 3 meonths after bariatnc surgery.
3, IL-6 could serve as a useful preoperative marker for predicting
weight loss outcomes.

and physical activity become insufficient in obtaining
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and maintaining weight loss, new strategies are being
employed. such as bariatric surgery.

Eligibility criteria for bariatric surgery include BMI
greater or equal o 35 kg.l’m’, and even BMI indicating
first-degree obesity (30-34.9 kgfmz] with comorbidities
such as wype 2 diabetes, hypertension, obstructive sleep
apnea, and dyslipidemia. Laparoscopic sleeve gastrec-
tomy (L5G) 15 one of the most common types of surgery.
well-recognized for its very low risk of complications and
proven long-term efficaciousness [2]. A 10-year follow-up
revealed a good and sustainable weight loss measured as a
percentage of excess body weight loss (%EBWL), remis-
sion of type 2 diabetes, dyslipidemia, obstructive sleep
apnea, and lower prevalence of Barrett's esophagus [3].
These beneficial changes resulting from bariatric surgery
are associated with strong metabolic change, especially
changes in inflammatory biomarkers but also an unpredict-
ahility of the inflammation outcomes [4].

Obesity 15 associated with a chronie inflammatory pro-
cess of low mtensity, defined as metabolic inflammation or
“metainflammation” that affects important metabolic tissues
such as adipose tissue, liver, skeletal muscle, pancreas, intes-
tines, and hypothalamus [5]. An increased mass of adipose
tissue may activate the immune process in the white adi-
pose tissue (WAT), liver, and immune cells [6]. Adipocyles
directly release cytokines, but in addition, the immune cells
that tuke up residence in the adipose tissue independently
secrete cytokines [7]. Among the most well-studied cytokines
concerning obesity are the inflammatory cytokines such as
TNF-ax (tumor necrosis factor alpha), interleukin-6 (IL-6).
and the anti-inflammatory cytokine [L-10 [7].

Considering the link between obesity and inflammation,
we aimed to examine the early effects of bariatric surgery
(laparoscopic sleeve gastrectomy) on inflammatory and anti-
inflammatory cytokines (TNF-a. IL-6, IL-10). We hypoth-
esized thut low-grade inflammation is present 3 months after
bartatric surgery, and that inflammation marker concentra-

tions have a significant impact on postoperative weight loss.

Materials and Methods
Study Participants

This prospective cohort study was conducted from Septem-
ber 2022 ull June 2023, according to the guidelines laid
down in the Declaration of Helsinki. Study was approved
by the local Bioethics Committee. Study participants were
adults (age > 18 years old) scheduled for a standard lapa-
roscopic sleeve gastrectomy. Participants were recruited
prospectively and consecutively from the bariatric surgi-
cal chinie. Written informed consent was obtained from all

£) Springer

patients. Exclusion criteria were severe untreated diseases
{e.g.. psychiatric disorders. addiction to alcohol or drugs,
cancer, acute inflammatory diseases) and use of any phar-
macological management of obesity, not comorbidities.
Measurements were taken | week before laparoscopic sleeve
gastrectomy and at follow-up 3 months after surgery. All
biochemical and anthropometric measurements were taken
at both ime points.

Blood Biochemical Analysis

Blood was collected from subjects after 12 h of fasting via
the ulnar vein into 6 mL whes contaiming EDTA. Within
1 h postcollection, the blood samples were centrifuged for
15 min at 1500 rpm and 4 *C. Subsequently, the plasma
was aliqguoted nto 400-pL. portions and transferred into
Eppendorf whbes, then stored at= 80 °C until further anal-
ysis. Plasma levels of high-sensitivity IL-10 (hsIL-10],
high-sensitivity IL-6 (hsIL-6), and high-sensativity TNF-x
(hs TNF-) were determined wsing specific enzyme-linked
immunosorbent assay (ELISA) kits supplied by Cloud-Clone
Corp. (Katy, TX, USA), adhering strictly to the manufactur-
er's guidelines. The intra- and inter-gssay variabilities were
maintained within £ 10/12% for hsIL-10, % 10/ 12% for hsIL-
fy, and + 1071 2% for hs TNF-o with detection sensitivities of
less than 0.61 pgémL., 0.31 pg/mL, and 0.55 pgfml. respec-
tively. Absorbance readings were taken ot a wavelength of
450 nm wsing a SPECTROstar Nano Microplate Reader
(BMG LABTECH, Ornenberg, Germany ).

Anthropometric Measurements

Anthropometric measurements were made in accordance
with the principles of nuirinonal assessment [8, 9]. A votal
of twenly measurements were obtained: ideal body weight
(IBW), typical weight, current weight, height, BMI, over-
weight (kg), overweight loss (kg), SEBWL, waist, hips
waist-to-hip ratio (WHR ), waist-to-height ratio (WHIR ).
body adiposity index (BAI %), body fat (BF%). body fat
(BF, kg), resting energy expenditure (REE. keal), skeletal
muscle mass (SMM, kg). skeletal muscle index (SMI. kg/
m?), fat-free mass (FFM, kg). total body water (TBW, kg).
Height was measured with a portable height measure stadi-
ometer (Seca 213). Weight and parameters assessing body
composition—baody fat (BF), fat-free mass (FFM), skeletal
muscle mass (SMM), and skeletal muscle index (SMI)—
were measured using the segmental body composition ana-
lyzer InBody 570.

Body circumferences—uwaist and hips—were measured
using anthropometric tape with a millimeter scale SECA
2010, Measured circumferences allowed to calculate WHR
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and WHtR. BMI was calculated according to the World
Health Organization {WHO) formula. EBWL% was calcu-
lated using precperative weight, weight at follow-up and
IBW calculated from Broca's formula.

Statistical Analysis

Suatistical analyses included parametric and non-parametric
tests. The normality of the distribution of the analyzed vari-
able was assessed using the Shapiro-Wilk test. The signifi-
cance of differences between anthropometric and biochemi-
cal variables was calculated using the Student's f-test for
paired samples or its non-parametric alternative, the Wil-
coxon signed-rank test. Normally distributed continuous var-
1ables are described as the mean + standard deviation (SD),
while vanables non-normally distributed are expressed as
medians (interquartile ranges). Values of body measures
were assessed 3 months after surgery in accordance with
interleukin concentrations. Based on the calculation of inter-
leukin-6 and interleukin-10 median concentrations, patients
were divided into 3 groups: low. mediom, and high concen-
tration. The significance of differences was measured using
a one-way ANOVA or non-parametric Kruskal-Wallis one-
way analysis of variance. After one-way ANOVA, Tukey's
test was used for post hoc analysis. This statistical analysis
was performed using STATISTICA 133 (version 133, Stat-
Soft, Palo Alo, USA).

Mext, out of 20 body measures examined. we selected ten
continuous variables and added three variables for cytokine
concentrations to predict changes in BMI category dur-
ing the initial 3 months following surgery. As previously,
the normal distribution of the data was investigated using
Shapiro—Wilk tests. To compare continuous variahles
between patients who experienced a decrease in BMI cat-
cgory 3 months after surgery (termed “BMI responder™)
and those who did not (“BMI non-responder”), we used the
independent f-test for varables with normal distnbution
and the Mann—Whitney test for variables without normal
distribution.

A decision wee model was developed o predict BMI cat-
egory change (“responder” or “non-responder™), based on
all 13 potential predictors (measured at baseline): weight
(kz), BMI {kgfmz ). overweight (kg), waist circumference
{cm), WHR, WHIR, BF%, BF (kg). SMI (kg/m?). SMM
(kg), TNF-alpha {pgfmL), IL-10 (pg/mL), IL-6 {pg/mL).
The model was tested through leave-one-out cross-vali-
dation. In brief, given a dataset with n observations, this
technigue partitions the data into two subsets for each itera-
tion of the model evaluation process. Specifically. for each
iteration, one observation is designated as the test set, while
the remaining n= | observations form the training set. The
model is subsequently trained on these n= 1 observations
and then tested on the single reserved ohservation. This

procedure is iterated n times, ensuring each of the n obser-
vations serves as the test set exactly once. After cach itera-
tion, the prediction error for the solitary observation used
as the test set 1s documented. The overall prediction ermor 1s
then calculated as the mean of the errors from the n models
constructed during the cross-validation process.

The decision tree algorithm was used with a Gini impu-
rity measure, 4 maximum tree depth of 3, a minimum of 2
cases in parent nodes, and at least 1 case in child nodes. To
prevent overfitting, the algorithm underwent cost-complexity
pruning with the parameter alpha set w 0.01. The statistical
and machine learning methodology used in this study are
comprehensively explained in [ 10].

The model’s performance was rated using well-estab-
lished metrics such as accuracy, recall, precision, F1, and
the arca under the receiver operating characteristic curve
(AUC) and the corresponding p-value calculated using the
Mann—Whitney U test. These performance indicators were

calculated as follows:

Accuracy =(TF+ TN} { (TP + FP + FN 4 TN).
Recull=TP f (TP + FN).

Precision="TP / (TP 4+ FP).

Fl Score=2 /(i1 { recall}+ {1 / precision)).

Here, TP represents the count of true positives, TH
denotes true negatives, FP 1s the false positives, and FN
indicates false negatives. The development and analysis of
prediction models were conducted with a custom Python

script, incorporating the sklearn and SciPy hbraries.

Fifty-four patients scheduled for sleeve gastrectomy were
assessed for ehigibility 1 week before surgery. Among them,
four met the exclusion criteria, and eight chose not to par-
ticipate in the study. Of the 42 participants enrolled, two
dechined to take part in the follow-oup due to non-medical
reasons. Consequently, 40 of them had binchemical profil-
ing performed (mean age 41,6+ 11.4 years old, 30 women)
(Tahle 1).

All anthropometric and biochemical parameters, except
for THF-w, differed significantly 3 months after banatric
surgery (Table 1). Patients lost on average 18.9+6.9 kg
of excess body weight (SEBWL 37.6 + 15.5%). and their
BMI values began to indicate second-degree obesity
(35.68 kgfmz}. A significant decrease was observed for
anti-inflammatory interleukin-10 concentration, simulta-
neously with a significant increase in pro-inflammatory
interleukin-f.

Interlenkin concentrations were compared with anthro-
pometric measurements {BMI, overweight. overweight loss,
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Hochemical cacerisics R Pl r
Weaght, kg 12334271 043 +237 < (LN
BMI, kg/m®* 41.52(35.50-50.800 35,68 (20.50-41.34) < (LK
Overweight, kg* 526 (34.5-T5.0) 325 (198-49.6) < (LN
Wadst, cm 1221+ 162 1067+ 158 < (LI
Hips, em 1337+17.0 12234169 < (L0001
WHER 0,92 + 000 088 +0.10 < (L0001
WHIR 0.72+00096 0.63 +0.097 < (L0001
BF, kg BT £19.4 ASE+182 < (LI001
SMM, kg 35169 322z6.1 < (L0001
SMI, kgfm** B9 (B2-10.3) 5.5 (T4-0.T) < (LN
IL-10, pafml * 04T (0.220-2255) 0051 0U036-0.057) < (LN
IL-6, pafml* L1144 (0.986—1.345) 5.201 (3.534-8.205) < (L0001
TNF-u, pg/mL* 2267 (2.187-2.400) 2.290 (2185-2.345) 0.7063

BM! Body Mass Index. WHR wadst-to-hap ratio, WHIR walst-to-beight matio, BF body far, SMM skeletal
muscle mass, SMY skeletal muscle indes, TNF-o umor necrosis Bctor alpha, 10-10 interleukin-10, [L-6

interleukin-6

*hedian and interquartile values shown a2 data did sot have a porasal distrbutson

waist, hips, WHER, WHIR. body fat, SMM. SMI) at follow-
up. For this comparison, [L-10 and IL-6 follow-up concen-
trations were sorted inte three groups: low, mediom, and
high concentration { Table 2).

Amnalyzing IL-10 follow-up concentrations” significant
differences were found for waist circumference (p=_0.0389)
and WHR (p =0.0199). Further post hoc analysis showed
no significant difference for waist, while WHR value dif-
fered significantly between groups with low and moderate
[L-10 concentration (p=0.0343). It was noticeahle in box
plot analysis that low and high IL-10 concentrations were
associated with lower values of anthropometric parameters,
whereas the relationship between IL-6 follow-up concentra-
tions and anthropometric values was linear—with increas-
ing IL-6 values of anthropometric parameters also increased
(Fig. 1)

Further analysis was aimed at investigating whether
there is a parameter or group of parameters which would
be predictive of a substantial decline in body weight. Thus,
continuous varables were compared between patients who
experienced a decrease in BMI threshold (e.g., from sec-
ond-degree obesity to first-degree) 3 months after surgery
(termed “BMI responder”™) and those who did not (“BMI
non-responder”). A decision tree model was developed to
predict a decrease in BMI threshold. based on finally ten
potential predictors at baseline values, and a significant
difference was found for several variables (Table 3).

In the leave-one-out cross-validation procedure, the
decision tree model achieved an AUC of 81%, with a
p-valoe < 0.001. The confusion matrix showed that the
model correctly classified change status in 25 out of 27

participants in the BMI responder group and 9 out of 13

€1 Springer

participants in the BMI non-responder group (Fig. 2). This
resulted in an accuracy of 85%, a recall of 93%, a precision
of 86%, and an F1 score of 89%.

The decision tree was created o investigate predictors
of BMI change 3 months postsurgery. It showed that par-
ticipants with a baseline BMI of at least 47 46 kg/m® had a
minimal chance of changing their BMI category. with only
| out of 12 achieving this. A low IL-10 baseline level (less
than or equal to 0.209 pg/mL) could assist in this scenario.
On the contrary, participants with a baseline BMI less than
4746 kg}mz had a significant chance of changing their
BMI. However, low IL-6 baseline levels (less than or equal
to 1.169 pgfmlL) could be a nsk factor for not achieving
weight loss 3 months after surgery (Fig. 3).

Conclusion

In this study, we have demonstrated that 3 months after
bariatric surgery the level of anti-inflammatory IL-10
significantly decreased. while pro-inflammatory IL-6
was significantly higher. This pro-inflammatory effect 1=
a result of weight loss, especially among patients with a
BMI <47 46 kgfmz at baseline. Moreover, we found that
patients with a baseline BMI = 47 46 kg.fmz were consider-
ably less prone to lose body weight in terms of changing
their BMI category.

Significant postoperative change in interleukin- 10 lev-
els coupled with an increase in interleukin-6, and suggests
an exacerbation of the inflammatory state, particularly
with an observed increase in TNF-alpha. although not sta-
ustically sigmificant. This finding aligns with other studies
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Table 2 IL-10 and IL-6 concentrations. growpang §follow-up measare-

menish

Follow-up median concentration  Min—mas
IL-110, pgimL 0.051 (0.0G6-0.05T)
1 low (n=16) 003 1 E0L020—0.040) (0250040
2 mediom (n=19  0.053 (0.051-0.058) (00066
I high (n=3%) 0100 (0. 10040 103 O096—0.113
IL-6, pgimL 5.200 (3.534-8.205)
llow (n=12) 2971 (2.305-3.408) LA0E=3 818
2 mediom (n=17) 5202 (4.574-6.039) 4.137-1.611
Jhigh (n=11) 15,150 (5.374-50.720) E2N-63.653
n number of patients

indicating that while IL-6 and TNF-alpha are closely
linked to inflammation, their changes may not always cor-
relate with statistical significance in clinical outcomes [6].
It 15 widely known that chronic inflammation 1s inextrica-
bly linked with adipose tissue hypertrophy. This process is
expressed through an increase in pro-inflammatory TNF-
alpha and IL-6 concentrations. simultaneously with an
IL-10 decrease reflecting an impaired regulatory mecha-
nism against inflammation [11]. In the presented swdy.
patients experienced a significant, rapid weight loss; at

only 5 months after surgery. they had already lost 2 mean
of almost 19 kg, equating to 37.6% loss of excess body
weight. In line with other authors, body circumferences
{(waist, hips) and body composition compartments (BF.
SMM) also significantly decreased [12]. Inflammatory fac-
tors (IL-6, TNF-a, CRF) are hypothesized to decrease after
bariatric surgeries, but typically studies focus on follow-up
measurements made at =ix or 12 months after bariatric sur-
gery [6]. In our study, we decided to examine our patients
early on postsurgery, and discovered that IL-6 follow-up
concentration was significantly higher than baseline. This
may be explained by the fact that postsurgical recovery
andfor weight loss can induce an increase in free faty
acid release, which triggers inflammation [13, 14]. Many
studies showed that bariatric surgery reduces circulating
levels of pro-inflammatory marker IL-6, but not typically
before 6 momhs [15-19].

Owr study showed 2 non-significant increase (p=0.7063)
in THF-alpha serum level 3 months after bariatric sur-
gery. and this outcome is in line with the findings of other
rescarchers [20-22]. Kelly et al. reported a shght reduction
in TMF-ux in the long-term observation, while for short-term
results TMNF-x level was increased: in either case, no statis-
tically significant difference was found [23]. This pattern
could be attributed to the multifaceted roles of TNF-alpha
in inflammation and its regulation, which may not always
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Fig.1 Box plots for IL-10 and [L-6 concentrations (pgfml) (1, low
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Table 3 Dvfferences in

examined parameters acconding BMI .respﬁ:?sh:r EMI :m-nl_ﬁpu:urukr - @ Mm-wm-

108 decreage in BMI threshold Sha])um—“' dk;p Shu])lrn—\'f:llk'.p ney Ule:[;p
Weaght (kg) 133 0135 < (LK < (L0001
BMI (kgim™) 0247 0.247 < (L0001 < (L0001
Owverweight (kg) 0483 (.483 < (L0001 < (L
Waist (cm) 073 0073 < (LN < (L0001
WHR LRI D408 0937 0817
WHiR 0446 Dddn < (LK < (L0001
BF (%) 0001 uDm < (LN < (L0001
TMF-u {pgimL) < (L0001 < (L0001 0551 0125
[L-10 {pgfml) < (L0001 < (L0 &1d 1
[L-6 {pgfmly 0all [IT8] (.30 0299

EMI Body Mass Indes, WHE walst-to-lip ratie, WHIR wadst-to-height ratio, BF body far, TNFar tusnsos
necrosts factor a]pha. =10 imedeukin- 10, TL-6 interleukin-6

Fig. 2 Confision matris for

Confusion Matrix

BMI prediction 25
non- 20
respandar 9 4

3 15
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w
a
E
10
responder - 2
5

be directly measurable in short-term or small-scale studies.
Additional insights from Lira et al. suggest that reductions
in visceral fat significantly correlate with decreases in pro-
inflammatory markers like IL-6 and TWF-alpha, indicating
that changes in body composition can influence cytokine
profiles, which may explain vanations in TNF-alpha signifi-
cance across studies [24). According 10 2 meta-analysis, at
least 12 months are required before a consistent decrease in
TMF-x is noticed [25].

After grouping IL-6 follow-up levels into three concen-
trations (low, medium, high), we found that with rising
IL-6 concentrations, the values of anthropometric measure-
ments (body weight, overweight, and body fat mass) also
increased 3 months after LSG; however, these results were

@ Springer

non-responder
Predicted label

responder

not statistically significant. Adipose tissue 15 an important
endocrine organ secreting several inflimmatory markers, and
a number of adipokines, such as adiponectin, leptin, and
resistin. In the state of obesity. the pro-inflammatory adi-
pokines derived from adipose tissue are overexpressed, and
among which, increased production and secretion of inflam-
matory mediator [L-6 is marked [26]. Further, these inflam-
matory markers stimulate oxidative stress and canse inflam-
mation [27]. The lack of significant differences between
IL-6 follow-up levels and anthropometric parameters might
indicate that while [L-6 is elevated in obese states. it may
not directly correlate with changes in body dimensions over
short-term interventions. This is supported by the broader
Iterature which suggests that IL-6 levels are more reflective
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Fig.3 Decision tree

of acute inflammatory responses rather than changes in adi-
posity [28].

The same grouping was performed for IL-10 follow-up
concentrations. [L-10 is a major anti-inflammatory and immu-
noregulatory cytokine that inhibits inflammatory, and cell-
mediated immune responses [29). Significant differences were
observed in the levels of IL-10 and anthropometric measure-
ments such as waist circumference and WHR at follow-up
time pomnt. It can be generalized that with increasing IL-10
concentrations, body measures also increased. We observed
that in the group with high IL-10 concentration, anthropo-
metric parameters decreased: however, there were only five
patients in this group. This finding aligns with previous
research showing that IL-10. an anti-inflammatory cytokine,
has a complex interplay with metabolic factors in obese popu-
lations. For example, Esposito et al. noted that low baseline
IL-10 levels correlate with obesity and metabolic syndrome,
suggesting that improving 1L-10 levels could ameliorate some
metabolic disturbances in obesity [30].

Regarding the impact of high BMI and cytokine levels
such as IL-10 and IL-6 on weight loss effectiveness is rooted
in a deep understanding of their roles in weight regulation

IL-10 < 0.208
samples = 2
value = [1, 1]
class = non-responder

and inflammatory response within the body. High BMI often
poses significant challenges in achieving substantial and last-
ing weight reduction through conventional weight loss meth-
ods, such as diet and exercise, due to complex metabolic
and psychological barriers [31]. IL-10, an anti-inflammatory
cytokine, plays a protective role against chronic inflamma-
tion associated with obesity. Lower levels of IL-10 may
contribute to persistent inflammation, complicating weight
loss cfforts. Research shows that patients with lower IL-10
levels experience higher inflammation, negatively impact-
ing weight loss [32]. IL-6, on the other hand, has both pro-
inflammatory and anti-inflammatory effects, depending on
the context.

This study presents potential limitations. Firstly, the
inflammation panel included interleukins and TNF-alpha
but did not measure C-reactive protein (CRP). We opted
to concentrate on the role of cytokines in the inflammatory
response following banatric surgery. Given that IL-6 signifi-
cantly influences the hepatocytic secretion of acute-phase
proteins, including CRP, we can reasonably infer that CRP
levels would also be elevated. We decided to use a decrease
in BMI category within the decision tree model because of

@ Springer

23



Obesity Surgery

the very limited literature on a specific ®EBWL threshold
that a patient should achieve as early as 3 months postbari-
atric surgery. Each BMI category encompasses a specific
range, and transiioning to a different BMI category 1s more
feasible when the initial BMI is near the threshold of that
range. However, the first 3 months following surgery typi-
cally coincide with a significant reduction in body mass,
thereby facilitating the shift o a different BMI category.
Another limitation is the relatively small sample size, which
was constrained by the exclusion criteria, number of sur-
geries scheduled, and focusing on assessing inflammation
associated with a single type of bariatric surgery procedure.
Lastly. as previously stated. there were only five patients
in the group with high IL-10 follow-up levels. This unigue
group, categorized according to IL-10 levels. cannot be
subdivided differently; a larger sample size is necessary to
ensure a more balanced patient distribution.

Owr study revealed that 3 months after bariatric surgery.
inflammation persists, and its markers significantly influence
postoperative welght loss, as indicated by BMI range. Inter-
actions among cytokines within inflammatory pathways are
complex, especially in obesity-related inflammation, where
maintaining a balance between pro-inflammatory and anti-
inflammatory cytokines is crucial. The distinct behaviors of
IL- 10 and IL-6 in relation to obesity underine the necessity
of considering individual cytokine profiles when evaluat-
ing inflammation and obesity interventions. It highlights the
potential for targeted therapies that specifically moduolate
cytokine activity o improve obesity-related outcomes. Such
insights are crucial for developing more effective treatments
for obesity, which address both metabolic and inflammatory
components of the disease.

Data Avallability Data available in the Research Data Repository of
Micolaus Copernicus University in Torud, Collegium Medicum in
Bydgoszez, Poland.
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Abstract

Background Bariatric surgeries, such as laparoscopic sleeve gastrectomy (L5G), not only result in significant weight loss
but also improve the mflammatory state in obese patients. This study aimed to investigate the effects of LSG on weight loss
and inflammation status in bariatric patients 1-year post-procedure.

Methods This prospective cohort study was conducted from September 2022 to May 2024, Fifty obese adults were
enrolled for LSG. All patients underwent assessments of body measurements, as well as levels of interleukin-6 (IL-6) and
interleukin- 10 (IL-10) at baseline, and then at 3 and 12 months post-surgery.

Results Twelve months post-surgery, body measurements showed a significant reduction, with a median excess weight
loss (REWL) of 56 8% indicating the clinical success of the bariatric procedure. %SEWL showed a strong correlation with
waist circumference (R = = (L7358, p< 000001 ). A logistic regression model indicated that a redection of just 1 cm in nitial
waist circumference increases the likelihood of a positive outcome in laparoscopic sleeve gastrectomy by 12%. Moreover,
a significant increase was observed for [IL-10 (p <0.0001), simultaneously with a significant decrease in IL-6 (p<0.0001).
Conclusions This study provides valuable evidence supporting the benefits of laparoscopic sleeve gastrectomy for both
weight loss and reducing inflammation. Waist circumference emerged as a strong predictor of metabolic success 1-year

post-surgery, while increased IL-10 levels signaled positive immunological changes.

Keywaords Bariatric surgery - Interleukin-6 - Interleukin- 10 - Tumor necrosis factor-o - Body measures

Introduction

Key Points:

1. A significant increase in 1L- 10 levels, accompanied by a
significant decrease in IL-6, was observed | year after surgery.
2, Patients with higher IL-10 concentrations 1 year posi-surgery
showed greater reductions in waisl circumference.

3. IL-10 levels and waist circumierence could offer valuable
mnsights into the long-term effectiveness of bariatric surgery.

Obesity stands as some of the most prevalent health
challenges of our time [1, 2]. It is associated with low-grade
chronie inflammation, which can lead o tssue damage,
impaired metabolic function, and the production of oxidative
stress [3-5]. This type of inflammation differs from typical
imnflammation by lacking the usual visible signs, yet it
shares similar disruptions caused by common inflammatory
mediators and signaling pathways. Recent studies suggest
a link between obesity and inflammation, as an increase in
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cell infiltration inte adipose tissue, resulting in an
increased production of inflammatory cytokines such as
interleukin-6 (IL-6) and interleukin-10 (IL-10) [8]. IL-6
is a key cyvtokine associated with inflammation and is
directly linked to insulin resistance and an increased risk

of cardiovascular diseases (CVDs) [ 1. 5]. Interleukin-10 is
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known as an anti-inflammatory cytokine with a wide range
of immunomodulatory functions during inflammation,
playing a crucial role particularly in the resolution phase
[9]. IL-10 has been associated with several inflammatory
discases, such as inflammatory bowel disease. atheroscle-
rosis, as well as metabolic syndrome and type 2 diabetes
[10-13]. Additonally. the IL-10 prodoction 15 decreased
in morbidly obese individuals [14].

Bartatric and metabolic surgery (BS) improves medical
conditions related to severe obesity and metabolic syn-
drome (MetS). with surgically induced weight loss known
to enhance inflammatory status [15]. Bariatric surgery is
now one of the most recommended and effective long-term
treatment options for obesity and its related comorbidi-
ties, especially when primary lifestyle modifications fail.
This surgery is particularly effective in addressing weight-
related comorbidities and has received excellent promotion
worldwide [16-18].

Weight loss 15 a common metric for assessing post-
operative success. with various indices calculated based
on changes in patients” weight. The percentage of excess
weight loss (SEWL) 15 a commonly wsed metric, calou-
lated using preoperative weight. postoperative weight,
and ideal body weight (IBW) [1%]. Bariatric surgery suc-
cess is typically defined as achieving at least 50% excess
weight loss; however, accurately and consistently defining
preoperative weight and ideal body weight presents chal-
lenges. The use of additional metrics, such as percentage
total weight loss (% TWL) and percentage excess BMI loss
(% EBMILY). is becoming more common, and employing
multiple metrics to define postsurgical success is neces-
sary to reliably assess a patient's progress [20].

Waist circumference (WC) is a simple, easily stand-
ardized method to assess abdominal adiposity, strongly
associated with obesity-related health risks, especially
cardiovascular diseases. Reducing waist circumference
can help reverse these risks [21], and indications are that
it should even be considered a more important param-
eter than weight loss [22]. In clinical evaloations, WC
should be measured alongside body mass index (BMI) to
accurately assess cardiovascular risk [23]. Wider waist
was one of the risk factors of prolonged type 2 diabetes
remission after metabolic surgery [24]; therefore. it is
worth considering its significance for bariatric postsur-
gical success.

In the present study, we aimed to investigate the effect
of laparoscopic sleeve gastrectomy on weight loss and
inflammuation status of bariatric patients 1 year after the
procedure. We hypothesized that | year after bariatric sur-
gery, levels of cytokines would indicate a lack of inflam-
mation and that these immune factors would influence the
extent of weight loss. Moreover, we assumed that waist
circumference may serve as an important anthropometric

&) Springer

measurement contributing significantly to postoperative
success, as defined by weight loss.

Materials and Methods
Study Participants

This prospective cohort study was conducted from Septem-
ber 2022 to May 2024, according to the guidelines laid down
in the Declaration of Helsinki. The study was approved by
the local Bioethics Committes, and written informed consent
was obtained from all patients. The participants of the study
group were described in a separate manuscript that sum-
marized results obtained 3 months after LSG [25]. Briefly.
enmolled bariatric patients were adults (age = 18) with no
severe untreated diseases and not undergoing pharmacologi-
cal management for ohesity who were awaiting laparoscopic
sleeve gastrectomy. All anthropometric and biochemical
measurements were taken | week before the procedure and
then at 3 and 12 months after.

Blood Biochemical Analysis

Blood was collected from subjects after 12 h of fasting via
the ulnar vein into & mL whes containing EDTA. Within
1 h post-collection, the blood samples were centrifuged for
15 min at 1500 rpm and 4 *C. Subsequently, the plasma was
aliquoted into 400-pl. portions and transferred into Eppen-
dorf tubes, then stored at =80 *C until further analysis.
Plasma levels of high-sensitivity IL-10 (hsIL- 10) and high-
sensitivity IL-6 (hsIL-6) were determined using specific
enzyme-linked immunosorbent assay (ELISA) kits supplied
by Cloud-Clone Corp. (Katy, TX, USA), adhening strictly
to the manufacturer's guidelines. The intra- and inter-assay
variabilities were maintained within + 10011 2% for hsIL-10
and # 1V12% for hsIL-6 with detection sensitivities of less
than (.61 pg/mL and 0.21 pg/mL, respectively. Absorb-
ance readings were taken at a wavelength of 450 nm using a
SPECTROstar Nano Microplate Reader (BMG LABTECH,
Onenberg. Germany).

Anthropometric Measurements

Anthropometric measurements were made in accordance
with the principles of nutritional assessment [26]. Height
was measured with a portable height measure stadiometer
(Seca 213). Weight and parameters assessing body compo-
sitton — body fat (BF) and skeletal muscle mass (SMM)
— were measured using segmental body composition ana-
lyzers — InBody 570 at baseline and after 3 months and
Tanita MCT780 MA after 12 months. Body circumferences,
wailst and hips, were measured using anthropometric tape
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with a millimeter scale SECA 201. Measured circumfer-
ences allowed o calculale WHR and WHIR indexes. BMI
was calculated according to the World Health Organization
{(WHO) formula.

The l-year postoperative %EWL was calculated in
accordance with other authors: (weight at baseline — weight
at 12 months follow-up) f (weight at baseline = ideal body
weight) 3 100, Ideal body weight (IBW) was calculated from
Broca's formula (height = 100) depending on the pantici-
pant’s gender { female: subtract 10% of the calculated value,
male: subtract 5%) [27].

Statistical Analysis

Swatistical analyses included parametric and non-parametric
tests, with statistical significance at p<0.05. The normality
of the distnibution of the analyzed variables was assessed
using the Shapiro-Wilk test. Normally distributed continu-
ous vartables are described as the mean + standard deviation
(SD). while variables non normally distributed are expressed
as medians (interquartile ranges).

The significance of differences between anthropometric
and biochemical variables at three time points was calcu-
lated using repeated measures ANOVA. In the absence of
sphericity {checked by Mauchley’s test), Greenhouse-Gais-
ser correction was used. In the absence of a normal distri-
bution, the Friedman test was used. When comparing only
two ime points, a non-parametric Wilcoxon signed-rank test
was used.

Values of body measures were assessed 12 months after
surgery in accordance with interleukins concentrations.
Based on the calculation of interleukin-6 and interleukin-10
median concentrations, patients were divided into three
groups: low, medium, high concentration. The significance
of differences was measured using a one-way ANOVA or
non-parametric Kruskal-Wallis one-way analysis of vari-
ance. After one-way ANOVA, Tukey's test was used for
post-hoc analysis and Dunn®s test after the non-parametric
Kruskal-Wallis test. This statistical analysis was performed
using STATISTICA 13.3 (version 133, StatSoft, Palo Alto,
USA).

Subsequently, we aimed o create a model able to pre-
dict changes in waist circumference 1 year after laparos-
copy sleeve gastrectomy indicating a correct cutoff point
of <88 cm for women and < 102 ¢cm for men [28]. We
selected nine continuous variables as predictors (baseline
values of weight, BMI overweight, waist circumference.
WHR, skeletal muscle mass, body fat [%], IL-10, IL-6).
Spearman correlation p was determined for all potential pre-
dictors to reduce the number of predictors and select vari-
ables with the lowest g values leaving waist, waist-to-hip

ratio, [L-10, and [L-6 to build a logistic regression model.

The created model showed statistical significance for
waist and waist-to-hip ratio. The model was then tested
through leave-one-out cross-validation. To reduce the chance
that a patient who has reached the correct waist circumfer-
ence value will be incorrectly assigned to a group not reach-
ing this value, the optimal cutoff point was determined by
maximizing the Youden index. Based on this criterium, the
threshold for the probability obtained from the classification
model was set at level p=0.291 (Mann—Whitney [/ test).
The model’s performance was rated using well-established
metrics such as accuracy, recall. precision, F1. and the arca
under the receiver operating characteristic curve (AUC).
Analyses were performed using Python programming lan-
gunge (v 3_11.6) with libraries pandas (v. 2.2.2), numpy (v.
1.23.5), statsmodels (v 0.15.0), scikit-learn (v. 1.4.2), scipy
{v. 1.13.0). matplotib {v. 3.9.0). and seaborn (v. 0.13.2).

Fifty-four patients scheduled for sleeve gastrectomy were
assessed for eligibility | week before surgery. Among them,
four met the exclusion criteria, and eight chose not w par-
ticipate in the study. Of the 42 participants enrolled, two
dechined to take part in the follow-op due o non-medical
reasons. Conseguently, 40 of them had biochemical pro-
filing performed {mean age 41.6+11.4 v old. 30 women)
(Table 1).

In summuary, complete anthropometric data from the final
follow-up measurement were obtained from 49 patients
{mean age 42.7 £ 11.8 years old, 38 female), 39 of them had
biochemical profiling performed.

All mensurements presented in Table | were significantly
different between the groups (p < 00001 ). Intergroup dif-
ferences calculated by post-hoc test were also statistically
significant (p < 0.05), only [L-6 concentration at baseline
and at 12 months follow-up were not significantly different
{(p=0.8989). Body measures decreased, and the median of
excess weight loss was 56.8%. indicating a clinical success
of the performed bariatric procedure.

One-year ¥EWL strongly correlated with waist circum-
ference (p<0.00001, &= =0.738). Moreover, waist circum-
ference significantly differed (p=0.0352) depending on the
three levels of interleukin 10, Based on the median value,
I-year IL-10 concentration was sorted into three groups:
low, medium, and high concentration. The same grouping
and analysis were made for IL-6 {Table 2); however, no sta-
tistical significance was found when comparing with anthro-
pOMELTic measurements.

For waist circumference and IL-10, a linear trend was
evident — lower IL-10 concentrations were corresponding
to the smallest waist circumferences (89.96 cm, 100.83 cm,
and 104 86 cm, respectively) (Fig. 1).
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Table 1 Body measures and

cytokines concenlralion in

three-time poinis

Table2 IL-10and IL-6 concentrations grouping ( 1-year follow-up)

Baseline 3 months follow-up 12 months follow-up p
Weaght, kg 12324353 10454225 930199 < (LOB01
BMI, kg/m** 4191 (36.29-48.14) 3484 (3060-41.38) 3167 (27.65-36.80) < (L0001
Overweight, kg® 534 (38.1-72.1) 326 (20.4-19.3) 225 (105-36.5) < (LOB01
EWL, %* - 35.4(25.2-46.5) 568 (40.7-70.3) < (LOB01
Waist, em 120+156 107.1+157 UE5+150 < (L0001
Hips, cm 1H9+163 12331164 a5+ 156 < (L0
WHER 091 +£0.08 0BT +0.09 (.85 +0.08 < (L0001
WHIR 072+ 0,00 0.63£0.10 058 £0.09 < (LOB01
BF, %* 50.5 (46.3-51.2) 452 (0. T=49.00 34.7 (253407 < (L0001
SMM. kg* 334 (30.1-39.5) 31T(28.1-35.1) 24.% (23.6-20.1) < (L0001
IL-10, pgml* 052000.211=-2.511) 0051 (0034-0058)  0.726 (0.275-0.954) < (L0001
IL-6, pefml * L142(0972-1.310) 5202 (3.554-8371)  0.159{0.102-0.214) < (L0001

*hedian and interquartile values shown as data did not have a normal distrbuizon
pvalue < 0005, BMY body mass indes, EWE excess weight loss, WHE wadst-io-lap ratio, WHIR wadst o

helght ratso, BF body fat, SMM skeletal mosele mass, 0E-00 interleukon 10, IL-6 mterleukin 6

Subsequent analyses were aimed o demonstrate whether

there was a relationship between the positive outcome of

Omne-year median concentration  Mig—max
LSG 1 year after the procedure and values of anthropometric
IL-10, pgiml 0.726 (0.275-0.984) and biochemical measurements before the procedure. Posi-
1 low (n=14) 0.204 (0.146-0312) 0.111-0.370 tive outcome of LSG was determined as reaching specific
2 medium (n= 18} 0.773 (D.65E0D68) 0.407-0.995 waist circumference cut-off points made for overweight or
3 high(n=T) 1.237 (1.096-2298) 10924172 obese patients (women < 88 cm, men < 102 em). A logis-
IL-6, pgfml. 0.159 (0.102-0.214) tic regression model with four independent predictors was
1 bow (n=10) 0.079 (0.068—0085) 0.052-0.102 built and used to verify this relationship. Assuming that
2 medium (n=18)  0.159 (0.117-0185) 0.106-0.208 other parameters remain constant, it can be estimated that
3 high (n=11) 0.254 (0.232-0.287) 0.213-0.354 a reduction of 1 cm in waist circumference during baseline
Fig.1 Box plot for IL-10 130
grouped o three categories
and wadst circumfenence
120
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- 00
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Table 3 Logistc regression values

ADR (95% CI) I

Walst, cm OLHRS ((LE1D; 0.96d) ulds
WHER 1142 (1030, 1. 266) 120
IL-10, pgtml 0850 (0.518; 1.393) 0.5183
IL-6, pgfml 4401 (0.136; 141.995) 04031

Confusion Matrix

nat reaching
cul-aff poinks

Trus label

Teaching
cut-aff points

ol reaching
cut-off points
Pradicted labal

reaching
cull-olf poisis

Flg. 2 Confusion matrix for predacting reaching walst arcumference
cutoff points

measurement increases the chance of LSG-positive outcome
after 1 year by 129% (Table 3).

The optimal cutedf point for the generated model was set
at p=0.291. The confusion matrix showed that the model
correctly classified reaching waist cutoff points for 13 out of
15 participants and predicted not reaching cutoff points for
16 out of 18 purticipants. Still, some patients were misclas-
sified in not reaching the cutoff group (8 out of 24) (Fig. 2).
The created logistic regression model achieved an AUC of
83.9%. an accuracy of 74.4%, a recall of 86.7%, a precision
of 61.9%, and an F1 score of 72.2%.

Discussion

In this siudy. a follow-up of bariatric patents was con-
ducted. with anthropometric and biochemical assessments
performed. In contrast to the results observed 3 months after
bariatric surgery. a significant increase in [L-10 levels along-
side with a significant decrease in [L-6 was noted | year
post-surgery. A logistic regression model indicated that a

reduction of just one centimeter in initial waist circumfer-
ence increases the likelihood of a positive outcome in lapa-
roscopic sleeve gastrectomy by 12%.

Bariatric surgeries, such as laparoscopic sleeve gas-
trectomy (LSG), not only result in significant weight loss
but also improve the inflammatory state in obese patients.
Recarte et al. demonstrated that bariatric surgery reduces
inflammation, as indicated by lower levels of pro-inflam-
matory cytokines like IL-6 [15]. In another 1-year analysis
following metabolic surgery, there was a significant decrease
in levels of [L-6, particularly in the context of weight loss
and improved inflammation, along with reductions in other
markers like C-reactive protein (CRP) and insulin resist-
ance [2%]. However, in another study. 1 year post gastnic
banding [L-6 levels did not change [30]. Viana et al. dem-
onstrated that bariatric surgery, including both Roux-en-Y
gustric bypass (RYGB) and sleeve gastrectomy, significantly
loweers patients” serum [L-6 levels [31]. Salman et al. indi-
cate that banatric surgery significantly reduces IL-6 levels,
potentially protecting obese patients from obesity-related
comorbidities [32]). In another prospective study, [L-6 con-
centration was significantly reduced & months after BS [33].
In addition, meta-analysis that included up to 116 studies
also concluded that BS can reduce [L-6 serum levels, par-
ticularly 1 vear after the procedure [34]. Furthermore. the
authors highlighted that BS can significantly reduce inflam-
matory markers such as TNF-a and CRP, which s crucial
for improving metabolic health.

Waist circumference is a well-established predictor of
metabolic risk. According o the World Health Organiza-
tion {(WHO), a waist circumference above 88 cm in women
and 102 cm in men 15 associated with a higher nsk of meta-
bolic disorders, such as wype 2 diabetes and cardiovascular
diseases (WHO, 2011). In this study, patients who achieved
waist circumference values below these thresholds 1 year
after surgery showed better health outcomes. Furthermore,
reducing waist circumference by 1 cm during the initial
measurement increased the likelihood of a positive postop-
erative outcome by 12%. highlighting the clinical value of
monitoring this parameter [1]. A decrease in baseline waist
circumference emphasizes waist circumference as a key
meetric for assessing bariatric surgery success. The logistc
regression model indicated that %EWL was insignificant for
predicting the success of bariatric surgery. These findings
align with other literature suggesting that waist circumfer-
ence, as an indicator of central obesity, may better reflect
metabolic rsk and outcomes compared to BMI alone [23].
A noteworthy finding in the present study is the correla-
tion between IL- 10 levels and waist circumference. Patients
with higher IL-10 concentrations 1 year after surgery dem-
onstrated greater reductions in waist circumference. This
suggests that IL-10, an anti-inflammatory cytokine, may
play a crucial role in improving health outcomes following
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bariatric surgery. Previous studies have shown that higher
IL-10) levels are correlated with better metabolic outcomes
in obese patients, aligning with the findings of this research
[6. 15]. Turkoglu et al. demonstrated that | year after LSG.
levels of IL-10. an anti-inflammatory cytokine, had signifi-
cantly increased, suggesting an improved immunological
balance in patients [5]. Dan et al. demonstrated that bari-
atric surgery led to changes in B cell inflammatory status
associated with reduced obesity. The study found that, after
surgery. circulating B cells showed a significantly increased
frequency of IL-10-producing cells and a reduced frequency
of IL-t-producing cells [35]. The rise in IL-10 may play a
critical role in reducing chronic inflammation and protect-
ing against further metabolic complications [5]. Focus on
abdominal adiposity rather than overall body weight may
reflect the specific inflammatory and metabolic mechanisms
in obesity that bariatric surgery targets. further highlighting
the importance of [L-10 in these processes. These findings
have sigmificant implications for chmeal practice. Monitor-
ing parameters such as [L- 10 levels and waist circumference
can provide valuable nsights into the long-term effective-
ness of bariawric surgeries. Furthermore, bariatric surgery
should not be evaluated solely by weight loss but also by
improvements in metabolic health markers, such as inflam-
mation and waist circumference [1].

This study has certain mitations that should be considered.
Firstly. a relatively small sample size was primarily due to the
restriction to a single type of bariatric surgery. Nonetheless,
patient engagement and adherence were high, with only one
patient missing the 1-year follow-up assessment. Secondly,
dividing patients based on the median [L- 10 level does not
ensure equal group sizes; a larger sample is necessary to
achieve a more balanced distribution.

The present study provides valuable evidence for the
benefits of laparoscopic sleeve gastrectomy in both weight
loss and inflammation reduction. Waist circumference
proved 1o be a strong predictor of metabolic success | year
after surgery, and an increase in IL-10 levels indicated
beneficial immunological changes. For these reasons.
regular monitoring of these parameters should be a priority
in the care of bariatric surgery patients.
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4. Podsumowanie

Wyniki przeprowadzonych badan dostarczyty istotnych dowoddédw na efektywnosc
laparoskopowej rekawowe] resekcji zotgdka (LSG) w leczeniu otytosci, zaréwno pod
wzgledem redukcji masy ciata, jak i poprawy stanu zapalnego organizmu. Analiza efektow po
3 oraz 12 miesigcach od zabiegu pozwolita na identyfikacje kluczowych mechanizméw
metabolicznych i immunologicznych, ktére wptywajg na skutecznos$¢ tego rodzaju leczenia.
Wykazano, ze LSG prowadzi do znaczgcej redukcji masy ciata zaréwno w kréotkim, jak i dtugim
okresie. Juz po 3 miesigcach pacjenci tracili $rednio 37,6% nadmiarowej masy ciata (%EWL),
podczas gdy po roku utrata ta wzrastata do 56,8%. Efektywnos¢ zabiegu byta szczegdlnie
widoczna u pacjentéw z poczgtkowym BMI ponizej 47,46 kg/m?, co wskazuje na istotng role
poczgtkowej masy ciata jako predyktora sukcesu metabolicznego. Wyniki podkreslaja
znaczenie LSG jako skutecznej interwencji chirurgicznej dla oséb z otytoscig, ktéra pozwala
na poprawe zarowno wskaznikéw antropometrycznych, jak i jakosci zycia. Badania nad
interleuking-6 (IL-6) i interleuking-10 (IL-10) dostarczyty nowych informacji na temat roli
cytokin w odpowiedzi organizmu na utrate masy ciata. Po 3 miesigcach od zabiegu
zaobserwowano istotny wzrost poziomu IL-6, (Srednio do 5,201 pg/mL z poziomu
wyjsciowego 1,144 pg/mL), co mozna ttumaczy¢ aktywacjg procesu lipolizy i uwalnianiem
wolnych kwaséw ttuszczowych, ktére moga pobudzaé odpowiedz zapalng. Ten stan zapalny,
choé przejsciowy, byt zwigzany z efektywng utratg masy ciata. Z kolei po roku stezenie IL-6
znaczgco spadto, co swiadczy o stopniowym wygaszaniu przewlektego stanu zapalnego. W
odrdznieniu od IL-6, poziom IL-10, bedacej kluczowa cytoking przeciwzapalng, znaczaco
obnizyt sie po 3 miesigcach, co moze sugerowac ostabiong odpowiedz przeciwzapalng w
poczatkowej fazie utraty masy ciata. Po 12 miesigcach zaobserwowano znaczny wzrost IL-10
(Srednio do 0,726 pg/mL z wyjsciowego 0,520 pg/mL), co wskazuje na poprawe rownowagi
immunologicznej i proceséw przeciwzapalnych. Wyisze poziomy IL-10 byty silnie
skorelowane z lepszymi wynikami metabolicznymi, w tym redukcjag obwodu talii.
Zaobserwowane rezultaty mogg swiadczy¢, ze modulacja stanu zapalnego odgrywa istotna
role w procesie poprawy metabolicznej po LSG, co moze Przedktada¢ sie do zmniejszenia
ryzyka najczesciej spotykanych chordb wspétistniejgcych, takich jak cukrzyca typu 2 i
choroby sercowo-naczyniowe. Obwdd talii okazat sie jednym z kluczowych wskaznikow

metabolicznego sukcesu po zabiegu. Po 12 miesigcach obwdd talii znaczgco zmniejszyt sie z
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poczatkowej wartosci 122 cm (Srednio) do 98,5 cm, co byto silnie skorelowane z procentowg
utratg nadmiarowej masy ciata (%EWL, R = -0,738, p < 0,00001). Jego redukcja wykazata
korelacje z procentowg utratg nadmiarowej masy ciata (%EWL) oraz poprawg wynikow
zdrowotnych. Stwierdzono, ze zmniejszenie obwodu talii o kazdy dodatkowy centymetr w
momencie wyjsciowym zwiekszato szanse na osiggniecie sukcesu metabolicznego o 12%.
Wartosci obwodu talii ponizej 88 cm dla kobiet i 102 cm dla mezczyzn sg wskaznikiem
lepszego zdrowia metabolicznego i nizszego ryzyka wystgpienia chordb wspdtistniejgcych,
takich jak cukrzyca typu 2 i choroby sercowo-naczyniowe. Wyniki niniejszej pracy
potwierdzajg, ze obwdd talii jest bardziej precyzyjnym wskaznikiem oceny ryzyka
metabolicznego i skutecznosci leczenia niz samo BMI. Pomimo, ze badania dostarczyty
istotnych wynikéw, nalezy podkresli¢, ze ich ograniczenia obejmujg przede wszystkim
stosunkowo matg liczebno$¢ grupy badawczej oraz koncentracje na jednym rodzaju
procedury chirurgicznej. Nalezy podkresli¢, ze wymienione wyzej ograniczenia powinny by¢
uwzglednione w planowanych w przysztosci badaniach na wiekszych populacjach pacjentow i
powinny obejmowac dtuisze okresy obserwacji oraz analize innych markeréw zapalnych
(powszechnie stosowanych w przypadku hospitalizacji), takich jak CRP (oraz rzadziej
stosowanych jednak dajgcych bardziej precyzyjny poglad na przebieg procesu zapalnego),
prokalcytonina — stosowana do diagnozy zakazen bakteryjnych i sepsy czy cytometryczne
badanie populacji leukocytow. Niewatpliwie pozwoli to na lepsze zrozumienie
dtugoterminowych efektéw LSG. Laparoskopowa rekawowa resekcja zotgdka jest skuteczng
metodg leczenia otytosci, ktdra nie tylko prowadzi do znaczgcej redukcji masy ciata, ale takze
poprawia stan zapalny organizmu. Wyniki badan wskazujg na mozliwos¢ dalszej optymalizacji
tej procedury, poprzez uwzglednienie molekularnych mechanizmoéw indukcji, przebiegu,
doktadnej roli stanu zapalnego oraz parametréw antropometrycznych w prognozowaniu
sukcesu metabolicznego. Wnioski ptyngce z niniejszego opracowania mogg przyczynic sie do

poprawy jakosci zycia pacjentdw oraz ograniczenia ryzyka chordb zwigzanych z otytoscia.
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5. Whnioski

Wyniki prezentowanego cyklu publikacyjnego wchodzgcego w sktad prezentowanej
rozprawy  doktorskiej pozwolity na  sformutowanie  nastepujacych  wnioskdow

odpowiadajacych na cel gtdwny i cele szczegdtowe prezentowanej rozprawy:

e Laparoskopowa rekawowa resekcja zotgdka (LSG) jest skuteczng metodgq leczenia
otytosci, prowadzgcg do znaczacej i trwatej redukcji masy ciata oraz poprawy zdrowia

metabolicznego pacjentow.

e Zmiany w poziomach interleukiny-6 (IL-6) i interleukiny-10 (IL-10) podkreslajg ich
znaczenie jako markeréw adaptacji organizmu do utraty masy ciata oraz sukcesu
metabolicznego. IL-6 odgrywa kluczowa role w kréotkoterminowej odpowiedzi
organizmu, natomiast IL-10 wskazuje na poprawe réwnowagi immunologicznej w

dtugim okresie.

e Krotkoterminowa utrata masy ciata po LSG wigze sie z przejsciowym stanem
zapalnym, natomiast w dtuzszym okresie dochodzi do stabilizacji metabolicznej i

immunologicznej.

e Obwdd talii jest bardziej precyzyjnym predyktorem sukcesu metabolicznego niz
ogodlne wskazniki masy ciata, takie jak BMI. Jego uwzglednienie w ocenie efektow

leczenia pozwala na lepsze prognozowanie wynikdéw i ocene ryzyka zdrowotnego

e Wyniki badan majg potencjat do poprawy praktyki klinicznej poprzez lepsze

monitorowanie pacjentéw oraz identyfikacje czynnikéw ryzyka.
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pracy wynosi 35%.

(podpis)
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Bydgoszcz, dnia 29.01.2025
Dr Alina Jaroch
Katedra Geriatrii, Zaktad Biochemii i Biogerontologii

Collegium Medicum w Bydgoszczy, Uniwersytet Mikotaja Kopernika w Toruniu

Rada Dyscypliny Wydziatu Nauk o Zdrowiu CM w Bydgoszczy UMK w Toruniu

Uniwersytetu Mikotaja Kopernika w Toruniu

Oswiadczenie o wspétautorstwie

Niniejszym o$wiadczam, ze w pracy: Bracha M, Jaroch A, Wojtasik J. Waist Circumference Is a Strong
Predictor of a Positive Outcome Evaluated One Year After Sleeve Gastrectomy. Obes Surg. 2025 Jan 15.,
jestem pierwszym wspotautorem. M6j udziat obejmowat wspéttworzenie manuskryptu, udziat w czgsci
eksperymentalnej zwigzanej z pomiarami antropometrycznymi, opracowanie i analize wynikéw
statystycznych oraz weryfikacje i akceptacje koncowej wersji manuskryptu. Mo6j udziat w powstaniu
pracy wynosi 40%.

(podpis)
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Zatqeznik nr 5 do uchwaty Nr 38 Senatu UMK z dnia 26 wrzesnia 2023 r,
W sprawie postepowania o nadanie stopnia doktora

na Uniwersytecie Mikofaja Kopernika w Toruniu

Torun, dnia e
......... dr Adrian Falkowskl
(tytut, stopien, imie i nazwisko kandydata/wspéiautora)

--Katedra Teorii Prawdopodobieristwa i Analizy Stochastycznej Wydziat Matematyki i Informatyki
UMK w Toruniu...

(jednostka zatrudniajgca kandydat/wspétautora)

Rada Dyscypliny Wydziatu Nauk o Zdrowiu CM w Bydgoszczy UMK w Toruniu

Uniwersytetu Mikofaja Kopernika w Toruniu

Oswiadczenie o wspétautorstwie

Niniejszym o$wiadczam, ze w pracy: Bracha M, Jaroch A, Falkowski A, Zwierko B, Szwed M, Michalik
M, Borkowska A, Szwed K, Kozakiewicz M. Elevated Interleukin-6 Is Associated with Successful Weight
Loss 3 Months Postlaparoscopic Sleeve Gastrectomy. Obes Surg. 2024 Oct;34(10):3824-3832, mdj
udziat polegat na wspéttworzeniu czgsci statystycznej.

Méj udziat w powstaniu pracy wynosi

(podpis)
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Bydgoszcz, dnia 24,.01.2025

Prof. dr hab. Alina Borkowska
Katedra Neuropsychologii Klinicznej, Wydziat Nauk o Zdrowiu,

Collegium Medicum w Bydgoszczy, Uniwersytet Mikofaja Kopernika w Toruniu

Rada Dyscypliny Wydziatu Nauk o Zdrowiu CM w Bydgoszczy UMK w Toruniu

Uniwersytetu Mikotaja Kopernika w Toruniu

Oswiadczenie o wspétautorstwie

Niniejszym oéwiadczam, ze w pracy: Bracha M, Jaroch A, Falkowski A, Zwierko B, Szwed M, Michalik
M, Borkowska A, Szwed K, Kozakiewicz M. Elevated Interleukin-6 Is Associated with Successful Weight
Loss 3 Months Postlaparoscopic Sleeve Gastrectomy. Obes Surg. 2024 Oct;34(10):3824-3832, moj
udziat polegat na akceptacji koricowej wersji manuskryptu.

(podpis)
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7. Streszczenia
7. 1. Streszczenie w jezyku polskim

Laparoskopowa rekawowa resekcja zotgdka (LSG) stanowi jedng z najczesciej
stosowanych metod chirurgicznego leczenia otytosci, prowadzgcy do istotnej redukcji masy
ciata oraz poprawy parametréw metabolicznych. Skutecznos$¢ tego zabiegu wykracza poza
samg utrate masy ciata, obejmujgc takze korzystne zmiany w uktadzie immunologicznym i
procesach zapalnych. Istotng role w tych mechanizmach odgrywajg cytokiny, w szczegdlnosci
interleukina-6 (IL-6) i interleukina-10 (IL-10), ktére petnig kluczowe funkcje w regulacji

procesOw prozapalnych i przeciwzapalnych.

W niniejszym badaniu przeanalizowano zmiany w stezeniach IL-6 i IL-10 po 3 i 12
miesigcach od LSG, wykazujgc istotng dynamike ich poziomdédw. W okresie 3 miesiecy
odnotowano wzrost IL-6, co moze odzwierciedla¢ przejSciowg reakcje zapalng organizmu
zwigzang z gwattowng redukcja masy ciata. Po uptywie 12 miesiecy zaobserwowano
natomiast istotne obnizenie poziomu IL-6 oraz wzrost IL-10, co sugeruje stopniowe

wygaszanie przewlekfego stanu zapalnego i przywracanie homeostazy immunologiczne;j.

Dodatkowo, analiza wykazata silng korelacje miedzy zmniejszeniem obwodu talii a
skutecznosciag metaboliczng LSG. Obwdd talii okazat sie istotnym predyktorem sukcesu
terapeutycznego, wykazujgc wiekszg wartos¢ diagnostyczng niz BMI w ocenie ryzyka
metabolicznego. Wyniki te podkreslajg znaczenie kompleksowego podejscia do oceny
efektéow bariatrycznych, uwzgledniajgcego nie tylko klasyczne wskazniki antropometryczne,
ale takze parametry immunologiczne, co moze stanowi¢ podstawe do optymalizacji strategii

leczenia otytosci.
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7. 2. Streszczenie w jezyku angielskim

Laparoscopic sleeve gastrectomy (LSG) is one of the most commonly performed
bariatric procedures, leading to significant weight loss and metabolic improvement. The
efficacy of LSG extends beyond weight reduction, encompassing beneficial immunological
and anti-inflammatory effects. Key mediators in these processes include cytokines such as
interleukin-6 (IL-6) and interleukin-10 (IL-10), which play a pivotal role in the regulation of

pro- and anti-inflammatory pathways.

This study analyzed changes in IL-6 and IL-10 levels at 3 and 12 months post-LSG,
revealing a dynamic pattern of cytokine modulation. At 3 months, IL-6 levels increased,
potentially reflecting a transient inflammatory response associated with rapid weight loss.
However, by 12 months, IL-6 levels significantly decreased, while IL-10 concentrations
increased, suggesting a progressive resolution of chronic inflammation and restoration of

immunological homeostasis.

Furthermore, the analysis demonstrated a strong correlation between waist
circumference reduction and metabolic success after LSG. Waist circumference emerged as a
superior predictor of positive metabolic outcomes compared to BMI, highlighting its clinical
relevance in assessing postoperative success. These findings underscore the importance of a
multidimensional approach to evaluate bariatric outcomes, integrating both anthropometric

and immunological parameters to refine treatment strategies for obesity management.
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