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ABSTRACT
Objective: There are discrepancies about the relationship of IL-6, clusterin and irisin with obesity and 
obesity associated insulin resistance and also about their sexual dimorphism. This study aimed at 
evaluating the circulating levels of IL-6, clusterin and irisin in obese subjects of both sexes who had 
different grades of obesity and examining their sexual dimorphism and their association with insulin 
resistance. Subjects and methods: This study included 176 non-diabetic subjects of both sexes 
who were classified according to their sex into two groups; the male and the female groups. The 
male group (88 men) was classified according to BMI into; group 1 (22 lean men), group 2 (22 class I 
obese men), group 3 (22 class II obese men) and group 4 (22 class III obese men). The female group 
(88 women) was classified according to BMI exactly as the male group. Metabolic parameters, IL-6, 
clusterin, and irisin levels were measured. Data were analyzed by ANOVA test, post hoc Tukey’s test 
and independent t-test. Pearson correlation was used to assess the association between variables. 
Results: In obese subjects of both sexes, circulating IL-6, clusterin and irisin levels were significantly 
elevated and positively correlated with HOMA-IR. Obese males showed significantly higher HOMA-IR, 
IL-6, clusterin and irisin levels than obese females. Conclusion: Obesity in both sexes, especially in 
males was associated with high levels of IL-6, clusterin and irisin and worsened the metabolic pattern. 
Circulating IL-6, clusterin and irisin may represent possible therapeutic targets for insulin resistance 
in obese subjects.
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INTRODUCTION 

Obesity is a major health problem secondary to its 
related complications including insulin resistance, 

dyslipidemia and cardiovascular diseases. Chronic 
inflammation particularly in adipose tissues and liver 
links obesity to insulin resistance and even to the 
development of type 2 diabetes mellitus (1). Although, 
chronic inflammation remains the main mechanism 
triggers insulin resistance, adipose tissue produces both 
pro- and anti-inflammatory substances including IL-6, 
clusterin and irisin which may play a role in glucose 
hemostasis (2,3). However, the major source of IL-6 
is the adipose tissue; Il-6 is also produced by muscles 
and many cell types including fibroblasts, endothelial 
cells, mast cells and immune cells (4-6). Clusterin was 

reported to be secreted and expressed by adipocytes, 
hepatocytes, brain, ovary, testis, heart, and blood 
vessels (3,7). Irisin was suggested to be released from 
skeletal muscles and adipocytes (2).

Il-6, the major inflammatory mediator was 
reported to be positively associated with adiposity 
and insulin resistance (4,8). Clusterin is a 
multifunctional, stress-induced, ATP-independent 
molecular chaperone (9). Clusterin plays a vital 
role in lipid transportation, inflammation and 
immune responses (10). Also, it was postulated 
that, circulating clusterin level was associated 
with adiposity and inflammation (3,11). Irisin 
is not only a myokine but also an adipokine 
(12). Irisin was reported to increase total energy 
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expenditure, improve glucose tolerance and reduce 
fasting insulin level; therefore it improves glucose 
homeostasis, insulin resistance and obesity-related 
health conditions (2). 

IL-6 is regulated by several factors including 
hormones, cytokines, stress, hypoxia, infection 
excercise, and cold exposure (4,13,14). Clusterin 
exists in two forms; the nuclear form and the secreted 
extracellular clusterin (9). The secreted form is up-
regulated as a defense mechanism during oxidative 
stress (9). Hepatic clusterin mRNA expression and 
serum clusterin level have been shown to be remarkably 
elevated after exposure to inflammatory cytokines 
(15). Also, smoking may contribute to increased 
circulating clusterin level (11). It was reported that, 
irisin level tends to be increased with acute exercise 
and remained unchanged with chronic exercise (16). 

There are discrepancies about the relationship 
of both clusterin and irisin levels with adiposity and 
obesity associated insulin resistance (2,3,11,17-20). 
In addition, the effect of both female and male sex 
hormones on both clusterin and irisin levels seems 
inconsistent (11,21-23). Furthermore, the previous 
studies aimed at evaluating the levels of clusterin and 
irisin in lean, overweight and obese subjects with 
little respect to grades of obesity (11,19). Therefore, 
our study aimed at evaluating the circulating levels 
of IL-6, clusterin and irisin in obese subjects of 
both sexes who had different grades of obesity 
and examining their sexual dimorphism and their 
association with insulin resistance. 

SUBJECTS AND METHODS

Study design and population 

In this observational parallel study, 220 subjects were 
selected as a convenience sample from consecutive 
admission to outpatient clinic of Diabetes & 
Endocrinology Unit, Internal Medicine Department, 
Tanta University Hospital, Tanta, Egypt, between 
February 2018 and June 2019 when they fulfilled 
the study inclusion criteria which included adult, age 
matched (age range 24-38 years old), both sexes, 
variable BMI, non-smokers and non-diabetic subjects 
(fasting blood glucose ≤126 mg/dL). Out of those 220 
subjects selected, 35 subjects were excluded according 
to the study exclusion criteria. The remaining 185 
subjects were enrolled in the study and were classified 

according to their sex into two main groups; the male 
group (n = 95) and the female group (n = 90). The 
male group (95 men) was subdivided according to 
BMI into; lean male group (n = 24), class I obese male 
group (n = 25), class II obese male group (n = 24), and 
class III obese male group (n = 22). The female group 
(90 women) was sub-classified according to BMI into; 
lean female group (n = 22), class I obese female group  
(n = 23), class II obese female group (n = 23) and 
class III obese female group (n = 22). Seven subjects 
in the male group and 2 subjects in the female group 
were dropped out due to their decline to participate. 
The final analysis included 176 subjects (88 subjects in 
each group with 22 subjects in each BMI class). The 
exclusion criteria included subjects with history of 
diabetes mellitus, liver, renal, thyroid, inflammatory 
diseases, and females on contraceptives pills. Patients 
on medications that can interfere with glucose or lipid 
metabolism (hypoglycemic agents, corticosteroids, anti-
hyperlipidemics, non-selective beta blockers, thiazides, 
etc.) and subjects with organic causes of obesity 
were also excluded. The protocol of this study was 
approved by the National Research Ethics Committee 
of Tanta University, Egypt. This study was registered 
on ClinicalTrials.gov with ID no. NCT04133896. 
Eligible patients gave their written informed consent. 
All individuals included in the study were submitted to 
medical history (past or current illness), demography 
(age, diet supplement), and measurements of weight, 
height and waist circumference. Waist circumference 
was measured at the approximate midpoint between the 
inferior costal margin and the superior border of the 
iliac crest with non-elastic flexible tape. Waist/height 
ratio and body mass index (BMI) were calculated. BMI 
is defined as the weight in kilograms divided by the 
square of the height in meters; BMI = [Weight (kg) /
Height2 (m)]. The subjects enrolled in the study were 
distributed in different groups according to the criteria 
of The National Institute for Health and Clinical 
Excellence (NICE 2006) which classifies obesity 
according to the BMI as follows; healthy weight or 
normal weight (BMI: 18.5–24.9 kg/m2), overweight 
(BMI: 25–29.9 kg/m2), class I obesity (BMI: 30–34.9 
kg/m2), class II obesity (BMI: 35–39.9 kg/m2), and 
class III obesity (BMI: ≥40 kg/m2). All subjects were 
submitted to blood sample collection before starting any 
medications, dietary or exercise programs. In addition, 
all participants were instructed to abstain from physical 
activity 24 hours before blood sample collection to 
avoid interference with IL-6 and irisin assay.
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Laboratory analysis

Sample collection

Ten ml of venous blood was collected from all 
participants (between 8-10 am) after an overnight (12 
hour) fasting by venipuncture of the antecubital vein 
into sterile tubes. Plasma and sera were separated and 
were stored at -80 °C until biochemical analysis of 
fasting insulin, IL-6, clusterin and irisin levels. Fresh 
samples were used to evaluate lipid profile and fasting 
blood glucose.

Assay

Plasma triglycerides and total cholesterol were 
measured by enzymatic colorimetric method. High-
density lipoprotein cholesterol (HDL-C) was measured 
by precipitation method. Low density lipoprotein 
cholesterol (LDL-C) was calculated using the 
Friedewald formula: 

LDL = [TC – HDL - (TG/5)] provided that TG 
level was less than 400 mg/dL. Fasting blood glucose 
level was assayed by glucose oxidase method. Fasting 
plasma insulin (FPI) was assayed using Enzyme-
Linked Immunosorbent Assay kit based on the 
sandwich principle (DRG international, Inc., USA: 
Reference No.: EIA-2935). We estimated insulin 
resistance (IR) using the HOMA-IR index which 
is defined as fasting insulin level (μIU/mL) times 
fasting blood glucose (mmol/L) divided by 22.5 or 
divided by 405 if fasting blood glucose is expressed in 
mass units (mg/dL). Quantitative determination of 
circulating IL-6, clusterin and irisin levels were done 
using the commercially available ELISA kits (Sun Red 
Biotechnology Company, Shanghai, China: Catalogue 
No.: 201-12-0091; 201-12-1190 and 201-12-5328 
respectively).

Statistical analysis

Data were statistically analyzed by SPSS software 
for Windows version 25 (Chicago, IL, USA). Data 
were analyzed by One-way analysis of variance test 
followed by post hock Tukey’s HDS test for multiple 
comparisons within the male and the female groups. 
Independent t-test was used to compare the male and 
the female groups. Correlations between variables were 
assessed using Pearson correlation analysis. All results 
were expressed as mean ± SD. The significance level 
was set at (p<0.05).

RESULTS

The study participants and their selection and 
classification according to their sex and BMI are 
illustrated in Figure 1. The anthropometric data and 
biological parameters in the different studied male 
groups were shown in Table 1. As compared to lean 
male group, class I, II and III obese male groups 
showed significant elevation in all measured variables 
(p=0.000) except for HDL-C level which showed 
significant decease (p=0.000). 

As Compared to class I obese male group, class II 
obese male group showed significant elevation in the 
majority of the measured variables (p<0.05) except 
for HDL-C which showed significant decrease 
(p=0.000). However, class II obese male group 
showed non-significant elevation in fasting plasma 
insulin, TG, and irisin levels as compared to class I 
obese male group (p>0.05). 

When compared to both class I and class II obese 
male groups, class III obese male group showed 
significant increase in the majority of the measured 
parameters (p<0.05) except for HDL-C level which 
showed significant decline (p=0.000 and p=0.003 
respectively). However, class III obese male group 
showed non-significant elevation in TC and LDL-C 
levels as compared to class II obese male group 
(p>0.05). 

The anthropometric data and biochemical 
parameters in the different studied female groups 
are shown in Table 2. As compared to female lean 
group, class I obese female group showed significant 
increase in all measured parameters (p<0.05) except 
for HDL-C level which showed significant decrease 
(p=0.000) and fasting insulin level which showed 
non-significant elevation (p=0.09). 

When compared to lean female group, both class II 
and class III obese female groups showed significant 
increase in all measured variables (p=0.000) except 
for HDL-C level which showed significant decrease 
(p=0.000). 

As compared to class I obese female group, class 
II obese female group showed significant increase in 
the majority of the measured parameters (p<0.05) 
except for HDL-C level which showed significant 
decrease (p=0.002). However, class II obese female 
group showed non-significant elevation in the fasting 
insulin, TC, triglycerides and LDL-C levels when 
compared to class I obese female group (p>0.05). 
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Table 1. Anthropometric data and biochemical parameters in the different studied male groups

Parameters
Lean group

(n=22)

Class I obese 
group
(n=22)

P-value 
Class I vs 

Lean

Class II obese 
group
(n=22)

P-value 
Class II vs

Lean

P-Value 
Class II vs

Class I

Class III obese 
group
(n=22)

P-value 
Class III vs

Lean

P-Value 
Class III vs

Class I

P-Value 
Class III vs

Class II

Age (years) 30.14±2.12 31.14±2.46 0.62 31.18±3.22 0.58 1.00 32.05±2.95 0.10 0.69 0.72

Age range 
(years)

(27-34) (28-37) (27-38) (27-37)

BMI (kg/m2) 23.03±1.08 32.77±1.11a 0.000 37.11±1.78ab 0.000 0.000 41.79±1.93abc 0.000 0.000 0.000

WC (cm) 83.39±3.89 101.84±4.08 a 0.000 109.23±5.27ab 0.000 0.000 117.36±6.22abc 0.000 0.000 0.000

WC/Height 
Ratio

0.50±0.02 0.61±0.03 a 0.000 0.65±0.03ab 0.000 0.001 0.70±0.04abc 0.000 0.000 0.000

FBG (mg/dL) 83.14±5.26 90.05 ±5.71a 0.000 96.14±4.80ab 0.000 0.001 104.59±3.71abc 0.000 0.000 0.000

Insulin (µIU/mL) 8.46±1.67 10.96±1.72a 0.000 11.99±1.80a 0.000 0.23 14.42±1.96abc 0.000 0.000 0.000

HOMA-IR 1.73±0.34 2.43 ±0.37a 0.000 2.84±0.43ab 0.000 0.008 3.72±0.50abc 0.000 0.000 0.000

TC (mg/dL) 145.41±17.20 181.55 ±19.40a 0.000 198.09±16.31ab 0.000 0.02 210.14±20.16ab 0.000 0.000 0.13

TG mg/dL) 93.27±15.30 129.32 ±18.41a 0.000 142.27±17.57a 0.000 0.06 160.23±16.80abc 0.000 0.000 0.004

HDL-C (mg/dL) 57.18±4.17 44.91 ±4.03a 0.000 40.14±3.96ab 0.000 0.000 36.05±2.59abc 0.000 0.000 0.003

LDL-C (mg/dL) 69.57±17.81 110.77 ±21.37a 0.000 129.50±17.73ab 0.000 0.008 142.05±18.96ab 0.000 0.000 0.14

IL-6 (pg/mL) 2.27±0.51 5.27 ±0.98a 0.000 7.96±1.24ab 0.000 0.000 10.79±1.49abc 0.000 0.000 0.000

Clusterin  
(µg/mL)

33.88±8.23 44.45 ±6.78a 0.000 54.29±5.94ab 0.000 0.000 66.84±7.70abc 0.000 0.000 0.000

Irisin (ng/mL) 56.25±8.26 79.04±9.55a 0.000 86.50±11.12a 0.000 0.051 97.15±10.20abc 0.000 0.000 0.002

Data are represented as mean ± SD and range. 
BMI: body mass index; WC: waist circumference; FBG: fasting blood glucose; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; TC: total cholesterol; TG: triglycerides; HDL-C: high-
density lipoprotein cholesterol; LDL-C:  low-density lipoprotein cholesterol; IL-6: interleukin-6.
a Significant difference versus lean group (P < 0.05).
b Significant difference versus class I obese group (P < 0.05).
c Significant difference versus class II obese group (P < 0.05).
Data were analyzed by One-way Analysis of Variance (ANOVA) followed by post hock Tukey’s HDS test.

Figure 1. Participants screening and enrollment flow chart.

220 participants were selected as convenience sample from consecutive admission
to outpatient clinic of Diabetes & Endocrinology Unit according to the study inclusion criteria

Excluded depending up-on the
study exclusion criteria (n=35)

185 subjects were enrolled and
were classi�ed according to sex

Male group (n=95) Female group (n=90) 

Classi�ed according to BMI 

Lean
(n=24) 

Analyzed
(n=22) 

Analyzed
(n=22) 

Analyzed
(n=22) 

Analyzed
(n=22) 

Analyzed
(n=22) 

Analyzed
(n=22) 

Analyzed
(n=22) 

Analyzed
(n=22) 

Declined to
participated 

(n=2) 

Declined to
 participated

(n=3) 

Declined to
participated

(n=2) 

Declined to
participated

(n=1) 

Declined to
participated

(n=1) 

Class 1
Obese (n=25)

Class 2
Obese (n=24)

Class 3
Obese (n=22)

Lean 
(n=22)

Class 1
Obese (n=23)  

Class 2
Obese (n=23)  

Class 3
Obese (n=22)  
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Table 2. Anthropometric data and biochemical parameters in the different studied female groups

Parameters
Lean group

(n=22)

Class I obese 
group
(n=22)

P-value 
Class I 
vs Lean

Class II obese 
group
(n=22)

P-value
Class II 
vs Lean

P-Value 
Class II 

vs Class I

Class III obese 
group
(n=22)

P-value
Class III 
vs Lean

P-Value 
Class III vs 

Class I

P-Value 
Class III vs

Class II

Age (years) 29.95±2.01 30.09±2.69 1.00 30.77±3.05 0.75 0.84 31.68±2.93 0.16 0.21 0.68

Age range (years) (27-34) (24-35) (24-36) (27-36)

BMI (kg/m2) 23.74±1.41 32.42±1.47a 0.000 36.62±1.42ab 0.000 0.000 41.37±1.48abc 0.000 0.000 0.000

WC (cm) 75.45±4.31 92.50±3.07 a 0.000 98.41±4.15ab 0.000 0.001 107.41±5.12abc 0.000 0.000 0.000

WC/Height Ratio 0.46±0.03 0.56±0.02 a 0.000 0.59±0.03 ab 0.000 0.003 0.65±0.04abc 0.000 0.000 0.000

FBG (mg/dL) 83.05±4.13 87.14±5.73a 0.04 91.14±4.54ab 0.000 0.044 97.09±5.51abc 0.000 0.000 0.001

Insulin (µIU/mL) 8.06±1.95 9.32±1.89 0.09 10.48±1.40a 0.000 0.134 12.32±1.73abc 0.000 0.000 0.004

HOMA-IR 1.65±0.39 2.01±0.44a 0.031 2.36±0.38ab 0.000 0.032 2.96±0.47abc 0.000 0.000 0.000

TC (mg/dL) 142.95±13.78 171.50±17.36a 0.000 183.50±17.61a 0.000 0.10 199.32±19.02abc 0.000 0.000 0.02

TG mg/dL) 90.55±19.29 113.18±15.63a 0.000 124.55±16.25a 0.000 0.14 142.05±17.71abc 0.000 0.000 0.006

HDL-C (mg/dL) 58.14±4.09 49.55 ±3.46a 0.000 45.27±4.22ab 0.000 0.002 40.73±3.06abc 0.000 0.000 0.001

LDL-C (mg/dL) 66.71±15.27 99.32±17.43a 0.000 113.32±19.01a 0.000 0.052 130.18±19.25abc 0.000 0.000 0.012

IL-6 (pg/mL) 2.13±0.53 3.37 ±0.85a 0.004 5.86±1.12ab 0.000 0.000 8.32±1.80abc 0.000 0.000 0.000

Clusterin (µg/mL) 29.58±6.28 40.37±5.40a 0.000 45.09±7.56a 0.000 0.091 57.37±6.99abc 0.000 0.000 0.000

Irisin (ng/mL) 53.78±7.20 64.11±8.69a 0.003 77.03 ±9.69ab 0.000 0.000 91.93 ±11.43abc 0.000 0.000 0.000

Data are represented as mean ± SD and range. 
BMI: body mass index; WC: waist circumference; FBG: fasting blood glucose; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; TC: total cholesterol; TG: triglycerides; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; IL-6: interleukin-6.
a Significant difference versus lean group (P<0.05).
b Significant difference versus class I obese group (P<0.05).
c Significant difference versus class II obese group (P<0.05). 
Data were analyzed by One-way Analysis of Variance (ANOVA) followed by post hock Tukey’s HDS test. 

When compared to class I obese female group, class 
III obese female group showed significant elevation in 
all measured variables (p=0.000) except for HDL-C 
level which showed significant decrease (p=0.000). 

As compared to class II obese female group, class 
III obese female group showed significant increase in 
all measured variables (p<0.05) except for HDL-C 
level which showed significant decrease (p=0.001). 

The anthropometric data and biological 
parameters in the different studied male and female 
groups are shown in Table 3. There was non-
significant difference between lean male group and 
lean female group in all variables except for WC 
and WC/Height ratio which showed significant 
elevation in lean male group as compared to lean 
female group (p=0.000 and p=0.000 respectively). 
As compared to class I obese female group, class I 
obese male group showed significantly higher levels 
in the majority of the measured variables (p<0.05) 
except for HDL-C level which showed significant 
decrease (p=0.000). However, there were non-
significant differences between class I obese male 
group and class I obese female group in BMI, TC 
and LDL-C (p>0.05). As compared to class II and 

class III obese female groups, class II and class III 
obese male groups showed significant increase in 
the majority of the measured variables (p<0.05) 
except for HDL-C level which showed significant 
decrease (p=0.000 and p=0.000 respectively). Non-
significant elevations in triglycerides and irisin levels 
were observed when comparing class III obese male 
group with class III obese female group (p>0.05).

Pearson correlation analysis between the 
measured variables is shown in Table 4 and Figure 2. 
In both sexes, circulating IL-6, clusterin and irisin 
levels showed significant positive association with 
BMI, fasting blood glucose level, fasting insulin 
level, HOMA-IR and lipid profile (TC, TG, LDL-C) 
except for HDL-C which showed significant 
negative correlation. For both sexes, circulating 
irisin exhibited significant positive correlation with 
both clusterin and IL-6. Also, circulating IL-6 was 
significantly and positively correlated with clusterin. 
Furthermore, in both sexes, WC was significantly 
and positively correlated with BMI, fasting blood 
glucose, fasting insulin, HOMA-IR, IL-6, irisin, 
clusterin and lipid panel except for HDL-C which 
showed significant negative correlation.
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Table 4. Pearson correlation of IL-6, Clusterin and Irisin versus BMI, FBG, Insulin, HOMA-IR and Lipid profile in both sexes

IL-6 Irisin Clusterin WC

Male Female Male Female Male Female Male Female

r r r r r r r r

BMI 0.901** 0.821** 0.837** 0.806** 0.842** 0.808** 0.975** 0.968**

FBG 0.819** 0.678** 0.696** 0.644** 0.750** 0.595** 0.765** 0.654**

Insulin 0.665** 0.579** 0.668** 0.557** 0.647** 0.600** 0.686** 0.604**

HOMA-IR 0.774** 0.664** 0.733** 0.636** 0.734** 0.661** 0.766** 0.671**

TC 0.754** 0.685** 0.704** 0.601** 0.641** 0.543** 0.726** 0.725**

TG 0.771** 0.596** 0.708** 0.594** 0.668** 0.608** 0.743** 0.703**

HDL-C -0.856** -0.729** -0.795** -0.658** -0.769** -0.737** -0.815** -0.802**

LDL-C 0.774** 0.706** 0.723** 0.612** 0.667** 0.577** 0.743** 0.742**

IL-6 0.766** 0.784** 0.835** 0.691** 0.858** 0.782**

Clusterin 0.835** 0.691** 0.700** 0.761** 0.811** 0.748**

Irisin 0.818** 0.777**

BMI body mass index; FBG fasting blood glucose; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; 
LDL-C: low-density lipoprotein cholesterol; IL-6: interleukin-6; WC: waist circumference.
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Table 3. Anthropometric data and biochemical parameters in the different studied both male and female groups

Variables
Male

Lean group  
(n=22)

Female
Lean group

(n=22)

P- 
value

Male
Class I obese 

group
(n=22)

Female
Class I obese  

group
(n=22)

P- 
value

Male
Class II obese 

group
(n=22)

Female
Class II obese 

group
(n=22)

P- 
value

Male
Class III 

obese group 
(n=22)

Female
Class III 

obese group 
(n=22)

P- 
value

Age (years) 30.14±2.12 29.95±2.01 0.77 31.14±2.46 30.09±2.69 0.19 31.18±3.22 30.77±3.05 0.67 32.05±2.95 31.68±2.93 0.68

BMI (kg/m2) 23.03±1.08 23.74±1.41 0.07 32.77 ±1.11 32.42±1.47 0.37 37.11±1.78 36.62±1.42 0.31 41.79±1.93 41.37±1.48 0.42

WC (cm) 83.39±3.89a 75.45±4.31 0.000 101.84±4.08b 92.50±3.07 0.000 109.23±5.27c 98.41±4.15 0.000 117.36±6.22d 107.41±5.12 0.000

WC/Height 0.50±0.02a 0.46±0.03 0.000 0.61±0.03b 0.56±0.02 0.000 0.65±0.03c 0.59±0.03 0.000 0.70±0.04d 0.65±0.04 0.000

FBG 
(mg/dL)

83.14±5.26 83.05±4.13 0.95 90.05±5.71b 87.14±5.73 0.01 96.14±4.80c 91.14±4.54 0.001 104.59±3.71d 97.09±5.51 0.000

Insulin 
(µIU/mL)

8.46±1.67 8.06±1.95 0.47 10.96±1.72b 9.32±1.89 0.005 11.99±1.80c 10.48±1.40 0.003 14.42±1.96d 12.32±1.73 0.001

HOMA-IR 1.73±0.34 1.65±0.39 0.45 2.43±0.37b 2.01±0.44 0.001 2.84±0.43c 2.36±0.38 0.000 3.72±0.50d 2.96±0.47 0.000

TC (mg/dL) 145.41±17.2 142.95±13.78 0.60 181.55±19.40 171.50±17.36 0.08 198.09±16.31c 183.50±17.61 0.007 210.14±20.16 199.32±19.02 0.07

TG (mg/dL) 93.27±15.30 90.55±19.29 0.61 129.32±18.41b 113.18±15.63 0.003 142.27±17.57c 124.55±16.25 0.001 160.23±16.8d 142.05±17.71 0.001

HDL-C  
(mg/dL)

57.18±4.17 58.14±4.09 0.45 44.91±4.03b 49.55±3.46 0.000 40.14±3.96c 45.27±4.22 0.000 36.05±2.59d 40.73±3.06 0.000

LDL-C 
(mg/dL)

69.57±17.81 66.71±15.27 0.57 110.77±21.37 99.32±17.43 0.06 129.50±17.73c 113.32±19.01 0.006 142.05±18.96d 130.18±19.25 0.046

IL-6  
(pg/mL)

2.27±0.51 2.13±0.53 0.35 5.27±0.98b 3.37±0.85 0.000 7.96±1.24c 5.86±1.12 0.000 10.79±1.49d 8.32±1.80 0.000

Clusterin 
(µg/mL)

33.88±8.23 29.58±6.28 0.06 44.45±6.78b 40.37±5.40 0.03 54.29±5.94c 45.09±7.56 0.000 66.84±7.70d 57.37±6.99 0.000

Irisin   
(ng/mL)

56.25±8.26 53.78±7.20 0.17 79.04±9.55b 64.11±8.69 0.000 86.50±11.12c 77.03±9.69 0.004 97.15±10.20 91.93±11.43 0.12

Data are represented as mean ± SD. 
BMI: body mass index; WC: waist circumference; FBG: fasting blood glucose; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; TC: total cholesterol; TG: triglycerides HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; IL-6: interleukin-6.
a Significant difference lean female versus lean male group (P<0.05). 
b Significant difference class I obese female group versus class I obese male group (P<0.05). 
c Significant difference class II obese female group versus class II obese male group (P<0.05).
d Significant difference class III obese female group versus class III obese male group (P<0.05).
Data were analyzed by independent t-test.
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Figure 2. Pearson correlation of HOMA-IR, IL-6, Clusterin and Irisin in both sexes.

DISCUSSION

This study aimed at evaluating the circulating levels of 
IL-6, clusterin, and irisin in obese subjects of both sexes 
who had different grades of obesity and examining their 
sexual dimorphism and their association with insulin 
resistance. Briefly, our data revealed that, obesity in 
both sexes, especially in males was associated with 
high levels of circulating IL-6, clusterin and irisin and 
worsened the metabolic pattern. 

During the current study, IL-6 level was 
significantly elevated in obese subjects of both sexes 
as compared to lean subjects. This elevation in IL-6 
levels was significantly and positively associated with 
BMI. Our former result is in accordance with the 
previously reported results postulated that, there 
is a positive correlation between IL-6 and BMI 
(24). Regarding gender difference, obese men 
showed significantly higher IL-6 levels than obese 
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women. This result may be explained on the basis 
that, the female sex hormone estrogen could inhibit 
IL-6 production and down-regulate IL-6 receptor 
(25). This result seems in parallel with a previously 
reported finding demonstrated higher IL-6 level 
in males than females (26). However, our result 
seems in contradiction with other previous findings 
demonstrate the reverse (27). For both sexes, we 
observed presence of significant positive correlation 
between circulating IL-6 level and lipid panel except 
for HDL-C which exhibited significant negative 
correlation. IL-6 was reported to have negative 
impact on lipid metabolism through triglyceride 
release and lipoprotein lipase down-regulation (4). 
In addition, IL-6 was reported to negatively affect 
adiponectin regulation and decreases adiponectin 
level. Low adiponectin level is formerly known 
to impair insulin action in adipose tissue with 
subsequent elevated rates of lipolysis, increased free 
fatty acid release and decreased HDL-C biosynthesis 
(28). For both sexes, we observed presence of 
significant positive association between IL-6 and 
HOMA-IR index. It was postulated that, elevated 
IL-6 level is associated with insulin resistance and the 
development of types 2 diabetes mellitus through 
its suppressive effect on glucose transporter-4 and 
insulin receptor substrate-1 expression (8,29). 

In the present study, plasma clusterin level was 
significantly higher in obese subjects of both sexes as 
compared to lean persons and its level tended to be 
increased with the increase in adiposity. This result 
may be attributed to the notion that, clusterin is a 
sensitive biomarker of oxidative stress which reflects 
the pro-inflammatory and oxidative stress states 
associated with the increase in adiposity (1,3,11). 
In this context, elevated plasma clusterin level may 
represent a defense mechanism to attenuate obesity 
related oxidative stress and inflammation. For both 
sexes, we observed presence of significant positive 
correlation between plasma clusterin level and 
BMI. Our result is in agreement with a previous 
finding postulated presence of positive association 
between circulating clusterin and BMI (11), but it 
seems inconsistent with other previous finding (17). 
Regarding gender difference, obese males showed 
significantly higher plasma clusterin level than obese 
females. This finding seems in accordance with 
previously reported findings (11). We cannot attribute 
this sex bias in circulating clusterin level to the effect 

of smoking or to the effects of sex hormones since 
our participants were non-smokers and the effects of 
both male and female sex hormones on circulating 
clusterin level were reported to be inconsistent 
(11,21). In this context, increased clusterin level in 
obese males than obese females may be related to 
significantly higher inflammatory state (IL-6 level) 
in obese men than obese women since circulating 
clusterin was reported to be remarkably elevated after 
exposure to inflammatory cytokines (15). For both 
sexes, we observed presence of significant positive 
correlation between circulating clusterin and lipid 
panel except for HDL-C which showed significant 
negative association. Clusterin was reported to be 
overproduced from the fat cells of obese subjects and 
its level was linked to harmful cholesterol levels (3). 
In addition, our result comes in parallel with some 
previously reported findings demonstrated presence 
of positive association between circulating clusterin 
with total cholesterol and LDL-C and its negative 
association with HDL-C (30). For both sexes, we 
observed presence of significant positive association 
between circulating clusterin and HOMA-IR, a 
result seems in agreement with previous findings 
(3). This former result was attributed to the ability 
of clusterin to attenuate insulin signaling and to its 
ability to stimulate hepatic gluconeogenesis (3). 
Also, for both genders, we observed presence of 
significant positive association between circulating 
clusterin and IL-6. This result is in consonance 
with previously reported findings demonstrated 
that, clusterin may reflect the pro-inflammatory 
state associated with adiposity and there was a 
positive association between circulating clusterin 
and systemic inflammation (11). Furthermore, it 
was postulated that, circulating clusterin level was 
remarkably elevated after exposure to inflammatory 
cytokines (15).

During the current study, irisin level was 
significantly higher in obese subjects of both sexes as 
compared to lean subjects. In consonance with our 
result, circulating irisin was reported to be higher 
in obese individuals than non-obese control which 
was justified as a state of possible irisin resistance 
(18). However, our result seems in contradiction 
with a previously reported finding postulated that, 
irisin level tended to be decreased with the increase 
in adiposity (19). These conflicting results may 
be related to ethnicity, genetic difference, insulin 
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resistance, pre-diabetes and diabetes that can 
influence specific hormones including irisin (18,31). 
For both sexes, we observed presence of significant 
positive correlation between circulating irisin and 
BMI. Our result comes in agreement with a former 
study demonstrated presence of positive association 
between irisin and anthropometric indices in 
obese subjects (32). However, our result seems in 
contradiction with a former study demonstrated 
presence of negative association (2). Regarding 
gender difference, irisin level was significantly higher 
in obese males than obese females except for class 
III obesity. This result seems in matching with 
Murawska-Cialowicz and cols., 2015 who reported 
that, irisin level was higher in men than women 
(22). However, our result is in contradiction with a 
previous finding showed lower irisin levels in obese 
men than obese women (23). For both sexes, we 
observed presence of significant positive association 
between irisin and all lipid panels except for HDL-C 
which showed significant negative association. 
Therefore, our result may propose that, higher 
irisin level may be related to an atherogenic lipid 
panel. Our result is in agreement with previously 
reported findings postulated the existence of positive 
association of irisin with total cholesterol and 
triglycerides among non-diabetic subjects (31). In 
contrast, our result seems in disagreement with the 
notion that, favorable lipid profile is associated with 
elevated irisin concentration (33). For both sexes, 
we noted presence of significant positive association 
between circulating irisin and HOMA-IR. This 
result may be attributed to a state of possible irisin 
resistance which could potentially modulate insulin 
sensitivity (34). Similar to our results, some authors 
reported the existence of positive association 
between irisin and HOMA-IR (20). However, 
our result seems in contradiction with a previously 
reported finding demonstrated presence of negative 
association between irisin and insulin resistance (2). 
For both sexes, we noted presence of significant 
positive correlation between circulating irisin and 
IL-6. In agreement with our finding, some authors 
reported that, irisin secretion tended to be increased 
during inflammatory state (35). In contradiction 
with our finding, it was postulated that, irisin has 
anti-inflammatory property and the treatment with 
irisin resulted in a decrease in the expression of pro-
inflammatory cytokines (36). Also, we observed 

presence of significant positive association between 
irisin and clusterin. This finding may be attributed 
to a compensatory defense mechanism of increased 
circulating irisin level to neutralize obesity associated 
oxidative stress through its antioxidant activity (37). 
However, the role of irisin in obesity is still at need 
for further investigations. 

In the present study, obese subjects of both 
genders showed more atherogenic lipid profile and 
more insulin resistance as compared to lean subjects. 
Additionally, obese men showed more atherogenic 
lipid panel and higher HOMA-IR index than obese 
women. These results seem in agreement with 
previously reported findings postulated that, obese 
subjects showed elevated fasting plasma glucose 
and triglyceride levels and low HDL-C level with 
significant gender differences (38). The higher 
HOMA-IR index observed in obese males than 
obese females during the current study may be 
attributed to higher state of possible irisin resistance, 
higher inflammatory state (higher IL-6 level) and 
a possible increase in oxidative stress state (higher 
clusterin level) which may in turn contribute to 
insulin resistance (8,39).

However, BMI remains the gold standard for 
identifying patients at higher risk for adiposity 
related adverse health outcomes, waist circumference 
(WC), which defines abdominal obesity, is usually 
associated with cardiometabolic diseases risk 
(40). During the current study, WC tended to be 
increased with adiposity and there was a significant 
positive assciation between WC and BMI, a result 
comes in agreement with a previously reported 
finding (41). Furthermore, male group showed 
significantly higher WC than female group, a result 
seems in accordanace with some former findings 
(41,42). For both sexes, we observed presence 
of significant positive correlation of WC with 
HOMA-IR and fasting insulin level which seems in 
consonance with a previously reported finding (41). 
WC was associated with an atherogenic lipid profile 
which comes in matching with some former findings 
(43,44). Finally, WC was significantly and positively 
associated with IL-6, clusterin, and irisin. Our later 
result is in parallel with previously reported findings 
(11,42,45). In sum, WC was positively associated 
with insulin resistance, dyslipidemia, inflammation 
and clusterin (the indirect marker of oxidative 
stress). Therefore, obese subjects with increased 
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WC, especially men may have an increased risk for 
cardiometabolic diseases.

In conclusion, in obese subjects of both sexes, 
circulating IL-6, clusterin and irisin levels were 
significantly elevated and positively correlated with 
BMI. Regarding gender difference, obese men 
had more atherogenic lipid profile, higher state of 
possible irisin resistance (except for class III obesity), 
higher inflammatory state, elevated clusterin levels 
which would reflect a possible increase in oxidative 
stress state, more insulin resistance and higher risk 
for cardiometabolic diseases than obese females. 
Furthermore, in both sexes, circulating IL-6, 
clusterin and irisin levels were significantly and 
positively associated with HOMA-IR index. In this 
context, circulating IL-6, clusterin and irisin may 
represent possible therapeutic targets for insulin 
resistance in obese subjects.

Study limitations: the limitation of our study includes the rela-
tively small sample size which is not representative to all obese 
population. Therefore, large scale studies are still needed. 

Acknowledgments: we are grateful to our participants and to the 
physicians at Diabetes & Endocrinology Unit, Internal Medicine 
Department, Tanta University Hospital, for their sincere help and 
recommendations. 

Funding: this study was not funded by any organization or ins-
titution 

Authors’ contribution: Tarek M. Mostafa and Rehab H. Werida 
reviewed the literature, constructed the study design, and per-
formed laboratory investigation of collected samples. Eligibility 
assessment, participant selection, enrolment and collection of 
clinical data were performed by Nashwa M. El-Gharbawy. All 
authors shared in statistical analysis of collected data, wrote and 
revised the Manuscript. All authors read and approved the final 
manuscript. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES 
1. 	 Lumeng CN, Saltiel AR. Inflammatory links between obesity and 

metabolic disease. J Clin Invest. 2011;121 (6):2111-7. 

2. 	 Moreno-Navarrete JM, Ortega F, Serrano M, Guerra E, Pardo G, 
Tinahones F, et al. Irisin is expressed and produced by human 
muscle and adipose tissue in association with obesity and insulin 
resistance. J Clin Endocrinol Metab. 2013;98(4):E769-78. 

3. 	 Bradley D, Blaszczak A, Yin Z, Liu J, Joseph JJ, Wright V, et al. 
Clusterin Impairs Hepatic Insulin Sensitivity and Adipocyte 
Clusterin Associates With Cardiometabolic Risk. Diabetes Care. 
2019;42(3):466-75.

4. 	 Eder K, Baffy N, Falus A, Fulop AK. The major inflammatory mediator 
interleukin-6 and obesity. Inflamm Res. 2009;58(11):727-36. 

5. 	 Pedersen BK, Febbraio MA. Muscle as an endocrine organ: focus 
on muscle-derived interleukin-6. Physiol. Rev. 2008;88:1379-406.

6. 	 Akira S, Taga T, Kishimoto T. Interleukin-6 in biology and medicine. 
Adv Immunol. 1993;54:1-78. 

7. 	 Rosenberg ME, Silkensen J. Clusterin: physiologic and 
pathophysiologic considerations. Int J Biochem Cell Biol. 
1995;27(7):633-45. 

8. 	 Charles BA, Doumatey A, Huang H, Zhou J, Chen G, Shriner D, 
et al. The roles of IL-6, IL-10, and IL-1RA in obesity and insulin 
resistance in African-Americans. J Clin Endocrinol Metab, 
2011;96(12):E2018-E2022. 

9. 	 Kloučková J, Lacinová Z, Kaválková P, Trachta P, Kasalický M, 
Haluzíková D, et al. Plasma concentrations and subcutaneous 
adipose tissue mRNA expression of clusterin in obesity and type 
2 diabetes mellitus: the effect of short-term hyperinsulinemia, 
very-low-calorie diet and bariatric surgery. Physiol Res. 
2016;18;65(3):481-92.

10. 	 Falgarone G, Chiocchia G. Chapter 8: Clusterin: A multifacet 
protein at the crossroad of inflammation and autoimmunity. Adv 
Cancer Res. 2009;104:139-70. 

11. 	 Won JC, Park CY, Oh SW, Lee ES, Youn BS, Kim MS. Plasma 
clusterin (ApoJ) levels are associated with adiposity and systemic 
inflammation. PLoS One. 2014; 9 (7):e103351. 

12. 	 Roca-Rivada A, Castelao C, Senin LL, Landrove MO, Baltar J, 
Belén Crujeiras A, et al. FNDC5/irisin is not only a myokine but 
also an adipokine. PLoS One. 2013;8(4):e60563. 

13. 	 Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, 
and disease. Cold Spring Harb Perspect Biol. 2014;6(10):a016295.

14. 	 Rhind SG, Castellani JW, Brenner IK, Shephard RJ, Zamecnik 
J, Montain SJ, et al. Intracellular monocyte and serum 
cytokine expression is modulated by exhaustive exercise 
and cold exposure. Am J Physiol Regul Integr Comp Physiol. 
2001;281(1):R66-R75.

15. 	 Hardardottir I, Kunitake ST, Moser AH, Doerrler WT, Rapp 
JH, Grünfeld C, et al. Endotoxin and cytokines increase 
hepatic messenger RNA levels and serum concentrations of 
apolipoprotein J (clusterin) in Syrian hamsters. J Clin Invest. 
1994;94(3):1304-9.

16. 	 Amaro Andrade P, Souza Silveira BK, Corrêa Rodrigues A, Oliveira 
da Silva FM, Barbosa Rosa CO, Gonçalves Alfenas RC. Effect of 
exercise on concentrations of irisin in overweight individuals: a 
systematic review. Science Sports. 2018;33(2):80-9.

17. 	 Arnold T, Brandlhofer S, Vrtikapa K, Stangl H, Hermann M, Zwiauer 
K, et al. Effect of obesity on plasma clusterin, [corrected] a proposed 
modulator of leptin action. Pediatr Res. 2011;69(3):237-42. 

18. 	 Jia J, Yu F, Wei WP, Yang P, Zhang R, Sheng Y, et al. Relationship 
between circulating irisin levels and overweight/obesity: A meta-
analysis. World J Clin Cases. 2019;7(12):1444-55. 

19. 	 Belviranli M, Okudan N, Çelik F. Association of Circulating Irisin 
with Insulin Resistance and Oxidative Stress in Obese Women. 
Horm Metab Res. 2016;48(10):653-7. 

20. 	 Park KH, Zaichenko L, Brinkoetter M, Thakkar B, Sahin-Efe A, 
Joung KE, et al. Circulating irisin in relation to insulin resistance 
and the metabolic syndrome. J Clin Endocrinol Metab. 2013; 
98:4899-907.

21. 	 Kujiraoka T, Hattori H, Miwa Y, Ishihara M, Ueno T, Ishii J, et al. 
Serum apolipoprotein J in health, coronary heart disease and 
type 2 diabetes mellitus. J Atheroscler Thromb. 2006;13(6):314-22. 

22. Murawska-Cialowicz E, Wojna J, Zuwala-Jagiello J. Crossfit 
training changes brain-derived neurotrophic factor and irisin 
levels at rest, after wingate and progressive tests, and improves 
aerobic capacity and body composition of young physically 
active men and women. J Physiol Pharmacol. 2015;66:811-21.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

11

Circulating IL-6, clusterin and irisin in obese subjects

Arch Endocrinol Metab. 

23. 	 Fukushima Y, Kurose S, Shinno H, Cao Thi Thu H, Tamanoi A, 
Tsutsumi H, et al. Relationships between serum irisin levels and 
metabolic parameters in Japanese patients with obesity. Obes 
Sci Pract. 2016;2(2):203-209.

24. 	 Juge-Aubry CE, Henrichot E, Meier CA. Adipose tissue: a 
regulator of inflammation. Best Pract Res Clin Endocrinol Metab. 
2005;(4):547-66.

25. 	 Liu H, Liu K, Bodenner DL. Estrogen receptor inhibits interleukin-6 
gene expression by disruption of nuclear factor kappa B 
transactivation. Cytokine. 2005;31(4):251-7. 

26. 	 Chan JC, Cheung JC, Stehouwer CD, Emeis JJ, Tong PC, Ko 
GT, et al. The central roles of obesity-associated dyslipidaemia, 
endothelial activation and cytokines in the Metabolic Syndrome-
-an analysis by structural equation modeling. Int J Obes Relat 
Metab Disord. 2002;26(7):994-1008. 

27. 	 Popko K, Gorska E, Stelmaszczyk-Emmel A, Plywaczewski R, 
Stoklosa A, Gorecka D, et al. Proinflammatory cytokines IL-6 and 
TNF-α and the development of inflammation in obese subjects. 
Eur J Med Res. 2010;15 (Suppl 2):120-2. 

28. 	 Côté M, Mauriège P, Bergeron J, Alméras N, Tremblay A, Lemieux 
I, et al. Adiponectinemia in visceral obesity: impact on glucose 
tolerance and plasma lipoprotein and lipid levels in men. J Clin 
Endocrinol Metab. 2005;90(3):1434-9.

29. 	 Rotter V, Nagaev I, Smith U. Interleukin-6 (IL-6) induces insulin 
resistance in 3T3-L1 adipocytes and is, like IL-8 and tumor 
necrosis factor-alpha, overexpressed in human fat cells from 
insulin-resistant subjects. J Biol Chem. 2003;278(46):45777-84.

30. 	 Aronis KN, Vamvini MT, Chamberland JP, Mantzoros CS. 
Circulating clusterin (apolipoprotein J) levels do not have any 
day/night variability and are positively associated with total 
and LDL cholesterol levels in young healthy individuals. J Clin 
Endocrinol Metab. 2011;96(11):E1871-E1875. 

31. 	 Liu JJ, Wong MD, Toy WC, Tan CS, Liu S, Ng XW, et al. Lower 
circulating irisin is associated with type 2 diabetes mellitus. J 
Diabetes Complications. 2013;27(4):365-9. 

32. 	 Stengel A, Hofmann T, Goebel-Stengel M, Elbelt U, Kobelt P, Klapp 
BF. Circulating levels of irisin in patients with anorexia nervosa 
and different stages of obesity--correlation with body mass 
index. Peptides. 2013;39:125-30. 

33. 	 Oelmann S, Nauck M, Völzke H, Bahls M, Friedrich N. Circulating 
Irisin Concentrations Are Associated with a Favorable Lipid 
Profile in the General Population. PLoS One. 2016;11(4):e0154319.

34. 	 Polyzos SA, Kountouras J, Shields K, Mantzoros CS. Irisin: a 
renaissance in metabolism? Metabolism. 2013;62(8):1037-44.

35. Sarac F, Buyukbese Sarsu S, Yeniocak S, Sahin K, Yucetas E, 
Yildirim D, et al. The Diagnostic Value of Irisin in Pediatric Patients 
with Acute Abdominal Pain. Emerg Med Int. 2018;2018:3296535. 

36. Mazur-Bialy AI, Pocheć E, Zarawski M. Anti-Inflammatory 
Properties of Irisin, Mediator of Physical Activity, Are Connected 
with TLR4/MyD88 Signaling Pathway Activation. Int J Mol Sci. 
2017;18(4):701.

37. 	 Mazur-Bialy AI, Kozlowska K, Pochec E, Bilski J, Brzozowski 
T. Myokine irisin-induced protection against oxidative stress 
in vitro. Involvement of heme oxygenase-1 and antioxidazing 
enzymes superoxide dismutase-2 and glutathione peroxidase. J 
Physiol Pharmacol. 2018;69(1):117-25.

38. 	 El-Haggar SM, Mostafa TM. Adipokines and biochemical changes 
in Egyptian obese subjects: possible variation with sex and 
degree of obesity. Endocrine. 2015;48(3):878-85.

39. 	 Hurrle S, Hsu WH. The etiology of oxidative stress in insulin 
resistance. Biomed J. 2017;40(5):257-62. 

40. 	 Kissebah AH, Vydelingum N, Murray R, Evans DJ, Hartz AJ, 
Kalkhoff RK, et al. Relation of body fat distribution to metabolic 
complications of obesity. J Clin Endocrinol Metab. 1982;54:254-60.

41. 	 Jamar G, Almeida FR, Gagliardi A, Sobral MR, Ping CT, Sperandio 
E, et al. Evaluation of waist-to-height ratio as a predictor of insulin 
resistance in non-diabetic obese individuals. A cross-sectional 
study. Sao Paulo Med J. 2017;135(5):462-8. 

42. 	 Khadir A, Tiss A, Kavalakatt S, Behbehani K, Behbehani K, 
Dehbi M, et al. Gender-Specific Association of Oxidative Stress 
and Inflammation with Cardiovascular Risk Factors in Arab 
Population. Mediators Inflamm. 2015;2015:512603.

43. 	 Hu D, Hannah J, Gray RS, Jablonski KA, Henderson JA, Robbins 
DC, Lee ET, Welty TK, Howard BV. Effects of obesity and body fat 
distribution on lipids and lipoproteins in nondiabetic American 
Indians: The Strong Heart Study.Obes Res. 2000;8(6):411-21. 

44. 	 Shahraki T, Shahraki M, Roudbari M. Waist circumference: a 
better index of fat location than WHR for predicting lipid profile 
in overweight/obese Iranian women. East Mediterr Health J. 
2009;15(4):899-905.

45. 	 Shoukry A, Shalaby SM, El-Arabi Bdeer S, Mahmoud AA, Mousa 
MM, Khalifa A. Circulating serum irisin levels in obesity and type 
2 diabetes mellitus. IUBMB Life. 2016;68(7):544-56. 


