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Resistin in morbidly obese patients before and after gastric bypass surgery
Resistina en obesos morbidos antes y después de un bypass gastrico
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Abstract

Background and objectives: Resistin was originally suggested to be a potential mediator of obesity-related insulin resistance in rodents.
However, in humans, the role of resistin in obesity and insulin resistance has not yet been demonstrated. The present study investigates whether
there are differences in resistin levels between patients with morbid obesity and lean subjects, and analyzes changes in resistin levels after
significant weight loss secondary to bariatric surgery.

Methods: Sixty-eight patients with morbid obesity (body mass index [BMI] > 40 kg/m? and 31 lean subjects (BMI < 25 kg/m?) were selected.
The study variables were: weight, height, BMI, waist-hip ratio (WHR), fat mass, family history of cardiovascular disease (CVD), type 2 diabetes
mellitus (DM), hypertension, dyslipidemia, smoking, glucose, glycated hemoglobin (HbA1c), insulin, high-sensitivity C-reactive protein (hsCRP),
interleukin-6 (IL-6), adiponectin and resistin. Homoeostasis model assessment (HOMA) and quantitative insulin sensitivity check index (QUICKI)
were calculated. The obese patients underwent gastric bypass surgery, and the above mentioned variables were reassessed after 12 months
and major weight loss.

Results: There were no significant differences in resistin levels between morbidly obese patients and healthy subjects of normal weight, or
Key words: between obese patients before and after weight loss. Resistin levels in morbidly obese patients were not correlated to adiposity anthropometric
Resistin. Obesity. measures, insulin, glucose, lHQMA, QUICKI, hsCRP, IL-6 or adiponectin. In the morbid obesity group, after one year of weight loss, the only study
Gastric bypass. ' parameter correlated to resistin levels was IL-6.

Insulin resistance. Conclusion: Our results do not support a relationship among resistin levels, obesity and insulin resistance in humans.

Resumen

Introduccion y objetives: inicialmente se sugirié que la resistina era un mediador potencial de la resistencia a la insulina relacionada con
la obesidad en roedores. Sin embargo, en seres humanos, el papel de la resistina en la obesidad y la resistencia a la insulina atin no se ha
demostrado. El presente estudio investiga si existen diferencias en los niveles de resistina entre pacientes con obesidad mérbida y sujetos con
normopeso, y analiza los cambios en los niveles de resistina después de la pérdida significativa de peso debida a cirugia bariétrica.

Métodos: se seleccionaron 68 pacientes con obesidad mérbida (IMC > 40 kg/m?) y 31 sujetos normopeso (IMC < 25 kg/m?). Las variables del
estudio fueron peso, talla, IMC, relacién cintura-cadera (WHR), masa grasa, antecedentes familiares de enfermedad cardiovascular, diabetes
mellitus tipo 2 (DM), hipertension arterial, dislipidemia, tabaquismo, glucosa, hemoglobina glicosilada (HbA1c), insulina, proteina C reactiva de
alta sensibilidad (hsCRP), interleucina-6 (IL-6), adiponectina y resistina. Se calcularon la evaluacion del modelo de homeostasis (HOMA) y el
indice cuantitativo de control de sensibilidad a la insulina (QUICKI). Los pacientes obesos se sometieron a un bypass gastrico, y las variables
mencionadas fueron reevaluadas después de 12 meses y una pérdida de peso importante.

Resultados: no hubo diferencias significativas en los niveles de resistina entre pacientes obesos morbidos y sujetos sanos de peso normal, ni

Palabras clave: entre pacientes obesos antes y después de la pérdida de peso. Los niveles de resistina en pacientes obesos marbidos no se correlacionaron con

- ) medidas antropométricas de adiposidad, insulina, glucosa, HOMA, QUICKI, hsCRP, IL-6 o adiponectina. En el grupo de obesos morbidos, al afio
Resistina, Obesidad. de la pérdida d imentada, el tnico parametro del estudio correlacionado con los niveles de resistina fue la IL-6
Bypass géstrico. e la pérdida de peso experimentada, el Unico parametro del estudio correlacionado con los niveles de resistina fue la IL-6.

Resistencia insulinica. Conclusion: nuestros resultados no apoyan una relacion entre los niveles de resistina, la obesidad y la resistencia a la insulina en los seres humanos.
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INTRODUCTION

Resistin was first described in 2001 in rodents. The first investi-
gations suggested that this molecule, which is mainly produced in
adipocytes, contributes to insulin resistance in obese rodents (1).
In humans, the information available on the relationship among
resistin, obesity and insulin resistance is subject to controversy (2).
In humans the molecule is not produced mainly in adipocytes but in
inflammatory cells such as monocytes and macrophages (3). In this
regard, adipose tissue contains abundant macrophages, and these
may constitute an important source of resistin in obese subjects (4).

Bariatric surgery is effective in reducing adipose tissue in mor-
bidly obese patients. This significant weight loss in turn is followed
by improvement of the inflammatory state (5), and this change
could be correlated to the resistin levels.

The present study was carried out to determine whether there
are differences in resistin levels between patients with morbid
obesity and lean subjects, and to analyze the possible relation-
ship between resistin and insulin resistance in morbidly obese
subjects before and after important weight loss secondary to
bariatric surgery.

SUBJECTS AND METHODS

A non-randomized, longitudinal, prospective observational study
was carried out in the Hospital Universitario Morales Meseguer
(Murcia, Spain).

We estimated a sample size of 68 subjects, accepting an alpha
risk of 0.05 (o < 0.05) and a beta risk of 20% (p < 20%),
assuming a standard deviation (SD) of 7 and a loss to follow-up
rate of 2%. We selected 68 consecutive patients with morbid
obesity (body mass index [BMI] > 40 mg/kg?) seen in the Endo-
crinology and Nutrition outpatient clinic. In turn, a control group
of 31 healthy lean subjects (BMI < 25 kg/m?) was established.
The inclusion criteria for the morbidly obese patients were: BM| >
40 kg/m?, age 18-60 years, failure of hygiene-dietetic measures
for weight loss, and failure of medical treatment for obesity. The
inclusion criteria for the controls were: BMI 18.5-24.9 kg/m? and
age 18-60 years. The exclusion criteria in both groups were:
presence of inflammatory diseases or of infectious, neoplastic or
cardiovascular disorders prior to inclusion in the study.

After signing of the informed consent document, all the sub-
jects underwent a general physical examination and venous blood
tests. The following variables were recorded: sex, age, weight (kg),
height (cm), waist circumference (cm), hip perimeter (cm), fat mass
(%), body mass index (kg/m?), WHR (waist-hip ratio [cm]), fami-
ly history of cardiovascular disease (CVD), type 2 diabetes mel-
litus (DM), hypertension, dyslipidemia, smoking, glucose (mg/dl),
glycated hemoglobin (HoA1c [%]), insulin (mlU/l), homoeostasis
model assessment (HOMA: fasting insulin [mIU/I] x fasting glucose
[mmol/l}/22.5), quantitative insulin sensitivity check index (QUICKI:
1/log insulin [mIU/] + log glucose [mg/dl]), high-sensitivity C-reac-
tive protein (hsCRP [mg/1]), interleukin-6 (IL-6 [pg/ml]), adiponectin
(ug/ml) and resistin (ng/ml). The blood samples were collected after
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a fasting period of 12 hours, centrifuged at 3,500 rpm for 15 min-
utes, and stored at 4 °C. The glucose, HbA1c and insulin levels were
determined immediately. The serum samples for the determination
of hsCRP, IL-6, adiponectin and resistin were frozen at -80 °C for
posterior analysis. Two readings were made of each sample (coef-
ficient of variation [CV] < 6%) except for resistin, and the results
were reported as the mean of the two measurements. Glucose
concentrations were determined by enzyme methods (Advia 2500
auto-analyzer). The insulin concentration was determined by chemi-
luminescence (Advia Centaur). An automated high performance lig-
uid chromatograph was used for determining HbA1c, while hsCRP
was determined by enzyme-linked immunosorbent assay (ELISA;
DRG Diagnostics, Marburg, Germany). Interleukin-6, adiponectin
and resistin were also determined by ELISA (Quantikine R&D Sys-
tem, Minneapolis, USA). HOMA and QUICKI were calculated using
the above described formulas.

Following the initial evaluation, the 68 patients with morbid obe-
sity were referred to the Department of General Surgery (Hospital
Universitario Morales Meseguer) for Roux-en-Y gastric bypass
based on the technique described by Capella. Twelve months after
surgery and following important weight loss, a total of 68 patients
were reassessed.

The quantitative variables were expressed as the mean + SD.
The distribution of the variables was assessed using the Kolmog-
orov-Smirnov test, though the central limit theorem was assumed.
The Student’s t-test was used for the comparison of quantitative
variables means, while correlations between qualitative variables
were assessed by means of the Pearson correlation coefficient (r).
All comparisons were two-sided, and statistical significance was
congidered for p < 0.05. The SPSS version 20 statistical package
for Mac was used throughout.

RESULTS

RESISTIN LEVELS IN MORBIDLY OBESE
PATIENTS VERSUS LEAN SUBJECTS

Of the 68 patients with morbid obesity finally included in the
study, 22 were males (32.4%) and 46 were females (67.6%),
with a mean age of 39.57 + 10.15 years and a BMI of 48.27 +
7.15 kg/m?2; 40.8% had a family history of CVD, 19.1% had DM,
27.9% had hypertension, 25% had dyslipidemia, and 35.3% were
smokers. The control group in turn consisted of ten males (32.3%)
and 21 females (67.7%), with a mean age of 39.48 + 8.69 years
and a BMI of 22.31 + 1.96 kg/m2. There were statistically signif-
icant differences in BMI, WHR, fat mass, glucose, HbA1c, insulin,
HOMA, QUICKI, hsCRP, IL-6 and adiponectin between the morbidly
obese patients and the controls. There were no significant differ-
ences in the mean resistin levels between the morbidly obese
patients and the controls with normal body weight. The mean
plasma resistin concentration in the obese patients was 9.42 +
3.81 ng/ml, versus 9.38 + 4.24 ng/ml in the control group. The
difference between the two groups (0.04 ng/ml; 95% Cl; -1.64
to 1.74) was not statistically significant (Table I).

[Nutr Hosp 2017;34(6):1333-1337]
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RESISTIN LEVELS IN MORBIDLY OBESE
PATIENTS BEFORE AND AFTER BARIATRIC
SURGERY

One year after gastric bypass surgery with important weight
loss, significant reductions were recorded in the anthropometric
and adiposity parameters (BMI, WHR, fat mass), as well as in
glucose, HbA1c, insulin and HOMA, with a significant increase
in QUICKI. Both hsCRP and IL-6 decreased significantly one year
after surgery, while the adiponectin levels were seen to increase
significantly. The resistin levels showed no significant changes
following the experienced weight loss.

There were no significant differences in plasma resistin levels
among the morbidly obese patients before and after important
weight loss: the mean basal resistin concentration was 9.42 +
3.81 ng/ml, versus 9.46 = 4.35 ng/ml one year after bariatric
surgery. The observed difference (-0.03 ng/ml; 95% CI: -0.83 to
0.75) was not statistically significant (Table II).

RELATIONSHIP BETWEEN RESISTIN AND
THE REST OF THE VARIABLES IN MORBIDLY
OBESE PATIENTS AT BASELINE AND ONE
YEAR AFTER SURGERY

The resistin levels showed no correlation with the anthropometric
or adiposity variables studied either before or after surgery. A weak
positive correlation was observed between resistin and HbA1c in the
obese patients at baseline (r = 0.271; p = 0.043), though this cor-
relation was lost after weight loss. We found no relationship between

resistin and insulin or between resistin and glucose and the HOMA
and QUICKI insulin resistance indices, at either baseline or one year
after bariatric surgery. Likewise, no correlation was found between
resistin and hsCRP, or between resistin and IL-6, in the obese sub-
jects. However, after weight loss, the resistin concentrations were
found to be positively correlated to IL-6 (r = 0.291; p = 0.017). Adi-
ponectin was not seen to be correlated to resistin at any time (Table ).

RESISTIN LEVELS IN OBESE DIABETIC
AND NON-DIABETIC PATIENTS

Of the 68 patients, 19.1% were obese diabetic and 80.9%
were obese non-diabetic patients. The mean plasma resistin con-
centration was higher in obese diabetic patients than in the rest
(10.73 + 4.24 ng/ml versus 9.18 + 3.67 ng/ml), although this
difference of 1.55 ng/ml (95% Cl: 0.78-3.88) was not statistical-
ly significant. The resistin levels showed no correlation with the
different variables in the group of obese diabetic patients either
before or after surgery.

RESISTIN LEVELS IN OBESE PATIENTS WITH
>2 CVD RISK FACTORS

In regard to obese patients, 30.8% had > 2 CVD risk factors and
the mean plasma resistin concentration was 10.27 + 4.68 ng/ml;
69.2% had < 1 CVD risk factors and the mean plasma resistin
concentration was 9.14 + 3.37 ng/ml. The difference was 1.12
(95% Cl: 0.90-3.15) and was not statistically significant.

Table I. Description and comparison of variables between the morbidly obese patients

and the controls

Variables Obese patients n = 68 Controls = 31 p-value Difference (95% CI)
Sex (male/female) 22/ 46 10/ 21
Age (years) 39.57 +10.15 39.48 + 8.69 Ns 0,90 (-4,09-4,27)
BMI (kg/m?) 48.27 = 7.15 22.31 £1.96 < 0.0001 25.96 (24.08-27.83)
WHR 0.92 +0.07 0.78 +£0.07 < 0.0001 0.14(0.10-0.17)
Fat mass (%) 64.21 +14.81 14,63 +£3.78 < 0.0001 49.57 (45.64-53.50)
Glucose (mg/di) 114.65 + 42.96 82.15+7.35 < 0.0001 32.5(21.63-43.36)
HbA1C (%) 6.10 £ 0.99 5.35+0.31 < 0.0001 0.75(0.46-1.03)
Insulin (mIU/) 2421 +15.47 7.93+4.94 < 0.0001 16.28 (11.98-20.56)
HOMA 7.39 + 6.64 15+1.70 < 0.0001 5.89 (4.06-7.51)
QUICKI 0.30 £ 0.02 0.41+0.04 < 0.0001 -1.01 (-0.11- -0.08)
hsCRP (mg/l) 26.51 +23.86 1.39+1.15 < 0.0001 2512 (19.33-30.91)
IL-6 (pg/m) 410 £2.03 0.90 + 0.57 <0.0001 3.2 (2.66-3.72)
Adiponectin (ug/ml) 4,969.89 + 2,808.11 14,476.19 + 7,113.30 < 0.0001 -9,506.30 (-12,192.34 - -6,820.24)
Resistin (ng/mi) 9.42 + 3.81 9.38 +4.24 Ns 0.04 (-1.64-1.74)

BMI: Body mass index; WHR: Waist-hip ratio; HbA1c: glycated hemoglobin; HOMA: Homoeostasis model assessment; QUICKI: quantitative insulin sensitivity check

index; hsCRP: High-sensitivity C-reactive protein; IL-6: interleukin-6.
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Table Il. Description and comparison of variables in the morbidly obese patients before
and after gastric bypass surgery

Variables Obese patients Obese patients one year e Difference (95% Cl)
n =68 after bypass surgery n = 68

BMI (kg/m?) 4827 +7.15 30.74 +5.28 < 0.0001 17.15 (15.82-18.49)
WHR 0.92 +0.07 0.85 +0.06 < 0.0001 0.06 (0.04-0.08)

Fat mass (%) 64.21 +14.81 26.55 +11.18 < 0.0001 37.05 (33.73-40.38)
Glucose (mg/dl) 114.65 + 42.96 84.96 + 14.69 < 0.0001 31.10(21.83-40.37)
HbA1c (%) 6.10 +£0.99 5.38 £ 0.55 < 0.0001 0.82 (0.51-1.13)
Insulin (mIU/) 24.21 +15.47 7.21+9.83 < 0.0001 18.48 (14.14-22.82)
HOMA 7.39 + 6.64 1.50 £1.79 < 0.0001 6.31 (4.40-8.23)
QUICKI 0.30 +0.02 0.37 +0.03 < 0.0001 -0.07 (-0.08- -0.06)
hs-PCR (mg/l) 26.51 +23.86 4,37 +548 < 0.0001 22.14 (16.61-27.66)
IL-6 (pg/ml) 410+2.03 1.88 +1.79 < 0.0001 2.23 (1.65-2.81)
Adiponectin (ug/ml) 4,969.89 + 2,808.11 10,564.98 + 5,644.24 < 0.0001 -5,595.09 (-6,851.39- -4,338.78)
Resistin (ng/ml) 9.42 + 3.81 9.46 +4.35 ns -0.03 (-0.83-0.75)

BMI: Body mass index; WHR: Waist-hip ratio; HbATc: glycated hemoglobin, HOMA: Homoeostasis model assessment; QUICKI: quantitative insulin sensitivity check

index; hsCRP: High-sensitivity C-reactive protein; IL-6: interleukin-6.

Table lll. Relationship between plasma resistin and the rest of the variables in the morbidly
obese patients at baseline and after one year

. Baseline One year after bypass surgery
Variables
r p-value r p-value
BMI (kg/m?) 0.146 ns 0.113 ns
WHR -0.007 Ns -0.056 ns
Fat mass (%) 0.121 Ns 0.222 ns
Glucose (mg/dl) 0117 ns -0.027 ns
HbA1c (%) 0.271 0.043 -0.047 ns
Insulin (mIU/1) 0.208 Ns -0.010 ns
HOMA 0.201 Ns 0.018 ns
QUICKI -0.107 Ns -0.222 ns
hsCRP (mg/l) 0.152 Ns -0.010 ns
IL-6 (pg/ml) 0.150 Ns 0.291 0.017
Adiponectin (ug/ml) -0.063 Ns -0.184 ns

BMI: Body mass index; WHR: Waist-hip ratio; HbA1c: glycated hemoglobin; HOMA: Homoeostasis model assessment; QUICKI: quantitative insulin sensitivity check

index; hsCRP: High-sensitivity C-reactive protein; IL-6: interleukin-6.

DISCUSSION

Since the first descriptions of resistin in rodents in 2001 (1), this
molecule has been regarded as a key linking factor between obe-
sity and insulin resistance, and many authors have attempted to
confirm this relationship in both rodents and humans. The human
findings are contradictory, some investigators having observed no
relationship between plasma resistin levels and either obesity or
insulin resistance (2). Studies in obese individuals who have lost
weight as a result of dietetic measures or bariatric surgery have

yielded inconsistent results. One publication involving morbidly
obese patients subjected to bariatric surgery reported a decrease
in serum resistin 3-6 months after the operation (6). In contrast,
another study recorded a small increase in resistin with weight
loss over a shorter period of follow-up (7), and a recent study has
found no changes in plasma resistin levels after bariatric surgery,
despite significant weight loss (8).

The main findings of our study are that plasma resistin con-
centration is not increased in morbidly obese individuals, and
moreover does not experience changes with weight loss, despite

[Nutr Hosp 2017;34(6):1333-1337]
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improvement in sensitivity to insulin. We have observed significant
differences between morbidly obese patients and lean subjects in
terms of the anthropometric and adiposity variables studied, in the
parameters related to carbohydrate metabolism and insulin resis-
tance (glucose, HbA1c, insulin, adiponectin, QUICKI and HOMA),
and in the inflammatory markers (hsCRP and IL-6). Furthermore,
there was significant improvement of all these parameters in the
obese subjects following important weight loss. However, the plas-
ma resistin levels were not significantly different between obese
patients and lean subjects and, in addition, did not change in
obese patients after weight loss. Resistin was not related to the
anthropometric variables, fat mass or insulin resistance indices.
However, a weak positive correlation was found between resistin
and HbA1c in the morbidly obese individuals at baseline. No clear
clinical significance was observed, due to the lack of correlation
with the rest of the carbohydrate metabolic and insulin resistance
parameters. Our results support the opinion of many authors that
resistin is not related to either obesity or insulin resistance in
humans (2), and that, consequently, the levels of this molecule do
not differ between obese and lean individuals, and remain without
variations despite the improved sensitivity to insulin observed after
weight loss secondary to bariatric surgery (8).

The discrepant results regarding the physiopathological role
of resistin in humans and rodents could be explained by the fact
that monocytes and macrophages constitute the main source of
resistin in humans, while in rodents resistin is produced by adipo-
cytes (1). In humans, only a small amount of resistin is produced
by adipocytes, since resistin mRNA expression in human adipose
tissue is only 1/20 of that observed in rodents (3). Resistin genic
expression regulation studies can also help explain some of the
contradictory findings in humans. Several studies have demon-
strated an association between single nucleotide polymorphisms
(SNPs) of the resistin RETN gene and resistin levels in humans.
Several SNPs have been shown to be associated to high resistin
levels, and up to two-thirds of the variations in plasma resistin
concentration may be attributable to genetic factors (9). Therefore,
resistin expression appears to be partially controlled by genetic
programming at genotype level. These data point to the existence
of several potential genetic modulators of resistin expression, with
strong evidence of variants in the promoter region of the human
resistin gene. However, such genetic signals have not been con-
sistently correlated to resistin. Polymorphisms -638 G > A, -420
C > G and -358 G > A in the promoter region of the human

[Nutr Hosp 2017;34(6):1333-1337]

resistin gene (RETN) have been found to be associated to resistin
levels in Asian populations (10), though the data in Caucasians
are contradictory.

The results of our study are solid, since they come from a
longitudinal prospective study with one year of follow-up and a
control group. The study has some limitations, however. Firstly,
the study population was limited to Caucasian individuals; ethnic
differences therefore may preclude generalization of the results
obtained. Secondly, plasma resistin measurement was made on
a point basis; as a result, the values might not be representative,
due to possible circadian variations in the plasma levels of the
molecule.

In conclusion, plasma resistin levels are not a key factor linking
obesity to insulin resistance.
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