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Abstract

Background: Several components of metabolic syndrome (MetS) facilitate its diagnosis, including
abdominal obesity, hyperlipidemia, high blood pressure, and insulin resistance. The production of interleukin-
6 (IL-6) and tumor necrosis factor-alpha (TNF-o)) seem to be associated with MetS components. The aim of
this study was to evaluate the correlation between IL-6 and TNF-a serum levels with MetS and its components.
Methods: This case-control study investigated 250 subjects, comprising 125 healthy controls from the
Kerman Blood Transfusion Organization and 125 MetS patients. Serum IL-6 and TNF-a levels were measured
using the enzyme-linked immunosorbent assay (ELISA).

Results: Serum IL-6 and TNF-a levels were greater in MetS patients than in controls. However, no correlation
was observed between MetS components and IL-6 or TNF-a serum levels.

Conclusions: Patients with MetS had significantly greater serum IL-6 and TNF-a levels than the controls,
supporting the evidence that inflammation plays an important role in the immunopathogenesis of the disease.
Additionally, IL-6 and TNF-a serum levels may predict MetS. The lack of association between IL-6 and TNF-
a serum levels and MetS components remains to be investigated by further research.
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Introduction

Metabolic syndrome (MetS), alternatively known
as insulin resistance syndrome or syndrome X, is a
set of metabolic disorders that increase patients risks
for cardiovascular disease (CVD) and type 2
diabetes mellitus (T2DM). The main clinical
symptoms of MetS include central obesity,
hypertension, hyperglycaemia, low high-density
lipoprotein (HDL) levels, and high triglycerides (1).
Metabolic syndrome is defined by the International
Diabetes Federation (IDF) as a waist circumference
(WC) greater than 94 inches in Caucasian men and
greater than 80 inches in Caucasian women plus at

least two of the following risk factors: triglycerides
greater than 150 mg/dl or taking lipid-lowering
agents, HDL levels less than 40 mg/dl and 50 mg/dl
in men and women, respectively, a systolic blood
pressure above 130 mmHg or a diastolic blood
pressure above 85 mmHg or taking medicine for
high blood pressure, and a fasting blood sugar above
100 mg/dI or having T2DM (2). In the past it was
believed that adipose tissue is inactive and only
serves to store triglycerides; however, it has been
well demonstrated that fatty tissues secrete bioactive
proteins, generally termed adipokines, which appear
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to play key roles in energy homeostasis and
inflammation. Recent evidence suggests that obesity, in
particular chronic visceral adiposity, is associated with
inflammatory markers including interleukin-6 (IL-6),
tumor necrosis factor-alpha (TNF-a), and C-reactive
protein (CRP) (3, 4). Studies have shown that IL-6 and
TNF-o are secreted from infiltrated macrophages into
adipose tissue and lipocytes and also play important
roles in MetS, insulin resistance, non-alcoholic fatty
liver disease, and atherogenesis (5-11). The current
study aimed to evaluate IL-6 and TNF-o. serum levels
in Iranian MetS patients and healthy controls and
determine their associations with MetS and MetS
components.

Materials and Methods

Ethics Statement

All the participants were from Kerman, a city in
southeast Iran, and gave written informed consent for
enrollment in the study. The research was performed in
2014 and 2015 and was approved by the Ethics
Committee of Kerman University of Medical Sciences.
The approval number is K/93/352.

Selection of MetS patients and controls

A total of 250 subjects, including 125 healthy controls
from the Kerman Blood Transfusion Organization and
125 MetS patients, were enrolled in the study. The
clinical history and disease status of each participant
were taken by a gastroenterologist and an
endocrinologist. Metabolic syndrome was diagnosed

based on the IDF definition (2). The body weights of
MetS patients were measured on a digital scale with an
accuracy of 100 g and recorded. Height was measured
using a measuring tape while the patient’s shoulders
were in a natural state with an accuracy of 1 cm. Body
mass index (BMI) was calculated according to the
fomula  weight  (kg)/(height  (cm))>.  Waist
circumference was measured at the slimmest point
using a flexible tape with an accuracy of 1 cm while the
participant was at the end of his/her natural expiration.
Blood pressure was measured using a standard mercury
column manometer. All measurements were taken
from the left aim by the same gastroenterologist.
Venous blood samples were collected after 12-14 hours
of fasting to measure blood glucose and serum lipids
levels. None of the healthy individuals had histories of
autoimmune, allergic, cancerous, or infectious diseases
and met no IDF criteria. Demographic data for the
controls are as follows: Males (frequency = 32%,
number = 40), females (frequency = 68%, number =
85). The percentages of males and females in the patient
group were 34.4 and 65.6%, respectively. The mean
ages for male patients and controls were 54.5 + 13.26
and 39.44 + 6.91 years, respectively, and for female
patients and controls were 53.05 + 11.64 and 33.69 +
6.84, respectively. No significant difference was found
between males and females with regard to age in the
patient group; however, the controls were not age-
matched (P < 0.001). The anthropometric parameters
and clinical characteristics of the MetS patients are
given in Table 1.

Table 1. Anthropometric parameters, para-clinical, and clinical characteristics of MetS patients

Variables Mean+SD Variables Frequency (%)
Height (cm) 166.18+9.08 Smoking habit Yes (7.2), No (92.8)
Weight (kg) 8468+12.65 Narcotics consumption Yes (9.6), No (904)
Wiaist circumference (cm) 101.12+1498 Type 2 diabetes Yes (88.8),No (11.2)
BMI (kg/m?) 31.63+381 Hypertension Yes (63.2), No (36.8)
Systolic blood pressure (mmHg) 134.724¢17.01 Cardiovascular disease Yes (88),No (91.2)
Diastolic blood pressure (mmHg) 7956 +851 Fatty liver disease Yes (36), No (64)
FBS (mg/dI) 187.13+5809 Hyperlipidaemia Yes (40), No (60)
Triglycerides (mg/dl) 22685+9222 Taking medications for blood pressure  Yes (62.4), No (37.6)
LDL (mg/dl) 126.69 +36.58 Taking medications for blood sugar Yes (88), No (12)
HDL (mg/dl) 3563+65 -
Cholesterol (mg/dl) 22553+52.62
AST (UL) 328+1476
ALT (UL) 31.94+1655
ALP (UL 24324+7309
Bilirubin total (mg/dl) 114+042
Bilirubin direct (mgy/dI) 039+025

BMI: Body mass index; FBS: Fasting blood sugar; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; ALT: Alanine transaminase;

AST: Aspartate transaminase; ALP: Alkaline phosphatase.
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Cytokine assay

From each subject, 5 ml of blood was collected into a
plain tube. The serum was isolated and stored at -80
°C until further analysis. Serum IL-6 and TNF-a
levels were measured using the enzyme-linked
immunosorbent assay (ELISA) according to the
manufacturer’s instructions (Bosterbio, China). The
assay sensitivity ranges of Bosterbio ELISA Kits were
4.69-300 pg/ml for IL-6 and 7.8-500 pg/ml for TNF-
o in serum samples. Per Bosterbio Company, the
ELISA kits were validated with inter- and intra-assay
precision; the validation results are available online at
http:/Avww.bosterbio.com/products/picokine-tm-
elisa-kits.ntml.

Statistics
Statistical analyses, including descriptive statistics,
one-way analysis of variance (ANOVA), chi-square,
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Fisher’s exact test, and independent t-test, were
performed using SPSS software version 17.0. P
values less than 0.05 were considered statistically
significant. Serum cytokine levels were presented as
means + SDs

Results

The mean ages of MetS patients and controls were
53.52 + 12.14 and 35.67 + 7.37 years, respectively.
The IL-6 and TNF-a serum levels in MetS patients
were 98.14 + 17.94 and 140.69 + 1040 pg/ml,
respectively, whereas in the healthy controls they
were 4.6 + 0.2 and 15.94 £ 0.89 pg/ml, respectively.
Serum IL-6 and TNF-o levels were significantly
greater in the MetS patients than in the controls (P <
0.001) (Fig. 1).

p<0.001

TNF-a
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Fig. 1. Graphs showing the serum levels of IL-6 and TNFa in patients with metabolic syndrome and healthy controls. P-values were
determined by independent t-test and the cytokine levels are presented as means.

Statistical analyses were performed to determine the
relationships between IL-6 and TNF-a serum levels
in MetS patients, and the variables are presented in
Table 1. The mean serum IL-6 levels in smokers and
non-smokers were 21.6 + 12.13 and 104.08 + 19.2
pg/ml, respectively. The level was significantly
greater in non-smokers than in smokers (P = 0.001).
Additionally, mean serum IL-6 levels were
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significantly lower in MetS patients who used
narcotics than in those who did not (P = 0.046).
Serum IL-6 levels were significantly greater in non-
smoking than in smoking patients (P = 0.001). No
relationships were found between IL-6 and TNF-a
serum levels and other variables listed in Table 1
(data not shown).
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Discussion

The  relationships  between  inflammatory
biomarkers such as IL-6 and TNF-o. in MetS have
not been thoroughly investigated. This study
showed that the serum IL-6 and TNF-a levels were
significantly greater in MetS patients than in
controls. Interestingly, elevated serum TNF-a levels
are associated with MetS independent of MetS
components. In 2004, Moon et al. showed that
serum TNF-a levels in obese adolescent MetS
patients correlated positively with BMI, WC,
triglycerides, and diastolic blood pressures, and
negatively with HDL cholesterol (12). Conversely,
this study found no correlations between serum
TNF-a levels and each MetS component, including
triglycerides, HDL, low-density lipoprotein (LDL),
fasting blood sugar (FBS), hypertension, and WC.
Increased expression of TNF-o and its correlation
with human obesity, insulin resistance in T2DM,
and hypertension have been extensively studied
previously (13-16).

Previous studies revealed an association between
IL-6 and systemic inflammation causing MetS (17,
18). This study showed that serum IL-6 levels were
significantly greater in MetS patients than in
controls. No significant correlations between serum
IL-6 levels and MetS components were observed.
Previous studies showed that IL-6 is positively
associated with BMI, fasting insulin, hypertension,
and T2DM; however, such results disagree with our
findings (19, 20). Sarbijani et al. reported that IL-6
serum levels were significantly greater in men with
MetS than in controls (21). They also observed a
lack of correlation between IL-6 and MetS
components, which agrees with our findings.
Additionally, Kitsios et al. showed that obese and
overweight adolescents and children with MetS had
significantly greater serum IL-6 levels than their
counterparts without MetS (22). In contrast, some
studies have shown that IL-6 serum levels are not
associated with MetS, which disagrees with our
results (23, 24). Aldaham et al. showed that IL-6
serum levels were significantly affected not only by
MetS, but also by smoking and age (25). They
showed that serum IL-6 levels were significantly
greater in 71 male smokers than in former smokers.
However, our study showed that serum IL-6 levels
were significantly greater in non-smoking than in

smoking patients. These contradictory results might
be related to the low number of MetS patients who
were smokers in the current study.

The present study showed that serum IL-6 levels
were significantly less in patients who used
narcotics than in those who did not. The effects of
opioids on cytokine production have been
investigated previously (26, 27). In addition, results
of previous studies have been contradictory. For
example, TNF-o. production was increased by
opioids in one study, but most studies showed its
suppression; yet, another study showed opioids had
no effect (28-31). Meijerink et al. recently showed
that the production of IL-6, TNF-a, and several
other cytokines was significantly suppressed in
lipopolysaccharide- (LPS) induced whole blood
from HIV-infected individuals who used heroin
(32). One limitation of our study was the small
number of patients who used narcotics. Further
investigation with a larger sample size is needed to
clarify the influence of narcotics on cytokine levels
in MetS patients.

Patients with MetS in this study had significantly
greater IL-6 and TNF-a levels than healthy controls.
These results support the evidence that
inflammation plays an important role in the
immunopathogenesis of the disease. Additionally,
we suggest that IL-6 and TNF-o serum levels be
measured as valuable predicting factors for MetS.
The lack of association between serum IL-6 and
TNF-a levels and MetS components remains to be
investigated by further research.
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