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ABSTRACT

Background & objectives: 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 adipokines seem to be associated with MetS
components. Elevated pro in flammatory cytokines show an emerging role in the patients with Metabolic syndrome. The production of interleukin-
6 seems to be strong association in patients with Met-S. These components may form a target for novel treatment approaches. The main objectives
of'this study was to evaluate & estimate the serum levels IL-6 and adipokines with MetS and its components

Methods: We studied 45 subjects, with Metabolic syndrome, diagnosed by International Diabetes Federation (IDF) criteria and 45 healthy control
subjects, age below 40 years, Male subjects. We compared the circulating levels of the serum IL-6 and adipokines levels were estimated using the
ELISA in Metabolic Syndrome with onset of Type 2 Diabetes with clinical settings.

Results: Serum levels of IL-6 and adipokines were found to be significant difference between serum levels of IL-6 and adipokines in Metabolic
Syndrome with type 2 diabetic cases than in control subjects (IL-6; 27.53 + 2.61 vs 6.07 + 1.76 pg/ml & P < 0.001). Further, serum levels of
adiponect in were found significant decreased and serum level of leptin were found significantly increased in cases with Metabolic Syndrome and
type 2 diabetes than in control group (P <0.001)

Interpretation & conclusions: Patients with MetS had significantly greater serum IL-6 than the controls, supporting the evidence that
inflammation plays an important role in the immunopathogenesis of the disease. Additionally, IL-6 and adipokines serum levels may predict MetS.
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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/dl 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 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) (3, 4).Studies
have shown that IL-6 and adipokines 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
adipokines serum levels in patients with MetS and healthy controls and
determine their associations with MetS and MetS components.

MATERIALSAND METHODS

Selection of Met-S patients and controls

A total of 90 subjects, including 45 healthy controls from the This
study was carried out at Department of Biochemistry in collaboration
with the Department of General Medicine at S.P. Medical College and
Associated group of P.B.M. Hospitals, Bikaner. All participants

completed a medical history form and provided informed consent. The
clinical history and disease status of each participant were taken.
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 formula 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 arm by the same Medicine Depatrment. 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. The mean ages for male patients (36.92 + 2.40 years),
comprising 45 healthy control (male: aged 37.28 + 2.05 years). The
anthropometric parameters and clinical characteristics of the MetS
patients are given in Table 1.

Cytokine ELISA Assay

The serum levels of IL-6 and IL-17 were assessed using kits from the
Bio Plex Human Cytikine Immuno-assay, Bio-Rad Lab. In. USA. The
serum was separated and stored at -8°C until further examination.
ELISA method was followed by the manufacturer's protocol. The
optical density was read at 460 nm with a microtiter plate by ELISA
reader (Thermo Scientific-MULTISKAN FC).Serum cytokine levels
were estimated with the help of standard curve and absorption as
concentration was communicated as pg/ml.

Statistical Data Analysis

All' Numerical data were presented as far as mean + SD. Statistical data
analysis of results was accomplished by common distribution 'Z' test.
In this data analysis, variables presenting p- value under 0.05 and 0.001
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were measured to be statistically significant and statistically highly
significant respectively. Coefficient correlation (r value) was
determined for final results correlation between two parameters by
using with Pearson two-tailed data analysis. All statistical findings
were done using SPSS software version 15.

RESULTS

The mean ages of Met-S patients and controls were 36.92 + 2.40 and
37.28 + 2.05 years, respectively. The serum levels of IL-6 in patients
with Met-S were 27.53 + 2.61, whereas in the healthy controls they
were 6.07 + 1.76 pg/ml. Serum IL-6 levels were significantly greater in
the Met-S patients than in the controls (P < 0.001)
(Table.1;Fig.1).Statistical analyses were performed to determine the
relationships between IL-6 and adipokines serum levels in Met-S
patients, and the variables are presented in Table 1 & Fig.1-4.
Association of Weight index BMI and WC were significantly
correlated with Age, BMI, WC, WHR, SBP, DBP, Fasting sugar,
HbAlc, Total Cholesterol, LDL, HDL, VLDL, Triglycerides,
Adiponectin, Leptin and Free fatty acid, IL-6 with respectively
(BMIL;WC) all correlation were seen to be significant statistically at the
0.01 level (Table-2).

DISCUSSION

The relationships between inflammatory biomarkers such as IL-6 and
adipokines in Met-S have not been thoroughly investigated. This study
showed that the serum IL-6 levels were significantly greater in Met-S
patients than in controls. Interestingly, elevated serum TNF-a levels are
associated with Met-S independent of Met-S components. In 2004,
Moon et al. showed that serum IL-6 in obese adolescent Met-S patients
correlated positively with BMI, WC, triglycerides, and diastolic blood
pressures, and positive with HDL cholesterol (12).This study found
significant correlations between serum IL-6 and each Met-S component,
including triglycerides, HDL, low-density lipoprotein (LDL), fasting
blood sugar (FBS), hypertension, and WC. Increased expression of
serum IL-6 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 Met-S (17, 18). This study showed that serum IL-6
levels were significantly greater in Met-S patients than in controls. No
significant correlations between serum IL-6 levels and Met-S
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 Met-S than in controls (21). They also observed a lack of
correlation between IL-6 and Met-S components, which agrees with our
findings. Additionally, Kitsios et al. showed that obese and overweight
adolescents and children with Met-S had significantly greater serum IL-6
levels than their counterparts without Met-S (22). In contrast, some
studies have shown that IL-6 serum levels are not associated with Met-S,
which disagrees with our results (23, 24). Aldaham et al. showed that IL-
6 serum levels were significantly affected not only by Met-S, 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 Met-S 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-a 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 Met-S patients.

CONCLUSION

Patients with Met-S in this study had significantly greater IL-6 and
adipokines 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 adipokines serum levels be measured as valuable predicting
factors for Met-S. The lack of association between serum IL-6 and

adipokines levels and Met-S components remains to be investigated by
further research.
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Table:1 Comparison of Mean+SD of Anthropometric Parameters
of the Metabolic Syndrome and without Metabolic Syndrome
Control Subjects

Clinical feathers without Metabolic| Metabolic
Syndrome Syndrome
(Control) (Cases)
(N=45; M) (N=45; M)
Anthropometric Parameters
Age (Years) 37.28 +2.05 36.92 +£2.40
BMI (kg/m’) 2310+ 1.71 32.83 £3.62
WC (cms) 83.29 +2.69 90.38 +4.88
WHR 0.83 +0.03 0.94 £ 0.06
SBP (mm Hg) 124.88 +7.62 147.2 £10.31
DBP (mm Hg) 74.12 +3.54 84.8 £3.49
A. Biochemical Parameters
FBS (mg/dl) 90.03 +12.55 182 £28.79
HbAlc (%) 4.42 +£0.60 8.12+0.96
TC (mg/dl) 180.8 £ 13.43 [220.96 +£23.72
TG (mg/dl) 104.8 £ 18.17 194.6 +32.43
HDL (mg/dl) 42,92 £2.96 38.52+£1.98
LDL (mg/dl) 116.0+15.22 [143.12+19.45
VLDL (mg/dl) 22.0+£4.29 38.92 +£6.49
B. Adipokines
Adiponectin (ug/ml) 7.61+£0.76 5.96+0.56
Leptin (ng/ml) 5.81+0.50 12.49 +1.37
Free Fatty Acid (nmol/L) 0.62 +0.06 0.88+0.18
C. Cytokines
IL-6 (pg/ml) 6.07 +1.76 27.53+£2.61

MetS: Metabolic Syndrome; DM: Type 2 Diabetic Patients; M: Male
Subjects; BMI: Body Mass Index; WC- Waist circumference, SBP:
Systolic Blood Pressure; DBP: Diastolic Blood Pressure; FBG:
Fasting Blood Glucose; HbAlc: Glycosylated Haemoglobin; TC:
Total Cholesterol; HDL: High- Density Lipoproteins; LDL: Low-
Density Lipoproteins; VLDL: Very Low-Density Lipoproteins; IL:
Interleukin. Data are expressed as mean + SD or median (interquintile
range); Differences between CON and DM: *P<0.0001.

Table No.2 Correlation Coefficient between Variables with
Anthropometric indices markers of insulin resistance and lipid
profile with Metabolic Syndrome Cases

Correlation BMI WwC
r R

Age 0.810%** 0.721**
BMI 1.00 0.867**

wC 0.887** 1.00
Waist-Hip Ratio 0.743** 0.893**
SBP 0.827%** 0.746**
DBP 0.834%* 0.802%**
FBS 0.874** 0.703**
HbAlc 0.745** 0.783**
Total Cholesterol 0.918%* 0.925%*
Triglyceride 0.817** 0.793**
HDL- Cholesterol 0.927** 0.921**
LDL- Cholesterol 0.875%* 0.813**
VLDL- Cholesterol 0.971** 0.965**
Adiponectin 0.935%* 0.761%**
Leptin 0.877* 0.901**
Free Fatty Acid 0.958* 0.746*

1L-6 0.459 0.554

Pearson's correlation test r; correlation coefficient.
** Correlation is significant at the 0.01 level (2-tailed)
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* Correlation is significant at the 0.05 level (2-tailed)

HS* - Highly Significant
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Figure 1:-Serum IL-6 levels in Met-S with T2D patients and
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Figure 2:-Serum Adiponectin levels in Met-S with T2D
patients and healthy controls
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Figure 3:-Serum Leptin levels in Met-S with T2D
patients and healthy controls
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Figure 4:-Serum Free Fatty Acid levels in Met-S with T2D
patients and healthy controls
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