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Abstract
Background: Obesity has become a rapidly growing epidemic in both adults and children. The obesity occurs due to the increased mass of adipose tissue that secrets
cytokines like interleukin 6 and production of Tumour Necrotic Factor-α (TNF-α), and the condition in associated with insulin resistance.
Objective: To determine the insulin resistance state and interleukin 6 levels in the serum of obese Kuwait adolescents 13-18 years, and also investigate if there is
significant association between interleukin 6 and insulin resistance.
Methods: The study in cross-sectional study conducted from March 2015 to June 2015 in Kuwait. Obese children were selected randomly in Farwnaiyah Primary
health care center and was named the study group compared with 42 adolescents with normal Body Mass Index (BMI) i.e. the control group. The adolescents age
13-18 years, where specimens for fasting blood glucose, fasting insulin levels, Tumor Necrotic Factor-α (TNF-α), Interleukin 6 levels were estimated by Enzyme
Immunoassay (EIA). Insulin resistance was estimated by Homeostatic Model Assessment of Insulin Resistance i.e. Homa-IR level above 3.4 was chosen as a cut-off
point to define IR.
Results: There was high levels of interleukin 6 reported among the obese adolescents, also high levels of fasting insulin and insulin resistance. Using linear regression,
there was no significant association between IL-6 and the occurrence of insulin resistance (P= 0-318). The log regression coefficient value of IL-6 was negative (b=
-415).
Conclusion: High interleukin levels were reported among the obese adolescents, also Insulin resistance state. But there was negative correlation between IL-6 levels
and the occurrence of insulin resistance in obese Kuwaiti adolescents.

Introduction
Childhood obesity has become an ever-increasing problem with
increased risk of morbidity and mortality and there is increased
evidence that obesity in childhood is responsible for development of
adult type 2 diabetes mellitus, metabolic syndrome and the cardiovascular
diseases [1,2].
Adipose tissue is currently considered to be hormonally active
and take a part in the control of metabolism. Adipose tissue is a rich
source of many immune related mediators that are involved in the
inflammatory response, it produces proinflammatory cytokines, such
as interleukin 6 (IL-6) and tumour necrosis factor-α (TNF-α) and
complement factors, the hepatic synthesis of acute phase inflammatory
proteins as C-reactive Protein (CRP), complement factors C3 and C4
and ceruloplasmin are under the control of these proinflammatory
cytokines, and therefore, adipose tissue is a noteworthy agent of the
high circulating concentrations of both cytokines and proteins [3].
It has been estimated that 25% of circulating interleukin 6 is
released by human subcutaneous adipose tissue. Many research
studies have showed that some markers of inflammation are increased
in obesity and type 2 diabetes mellitus, so that activation of immune
system for long term duration in associated in the development of
insulin resistance and diabetes mellitus [4].
Many research studies in adults showed that increased levels
of interleukin 6 (IL-6) and Tumor Necrosis Factor-α (TNF-α) is
associated with a state of sub-clinical inflammation and associated
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with development of insulin resistance (IR), metabolic syndrome (MS),
atherogenesis and non-alcoholic fatty liver disease (NAFLD) [5,6].

Subjects and methods
Participants
A total 61 obese adolescents aged 13-18 years included in the
study, selected randomly from the outpatient clinic in the Farwaniyh
primary health care center in Kuwait obesity was defined as body mass
index (BMI). Percentile 95th for child’s age and gender according to the
centers for Disease Control (CDC) 2000 references [7]. This group was
named obese group and another 42 adolescents were included in this
study with normal BMI, and this group was named the healthy group
conducted from March 2015 to June 2015.
First, measuring of blood pressure was done for both groups, using
auscultator y method by the sphygmomanometer. The weight was
measured to the nearest 0.1 kg in adolescents standing barefoot in light
clothing. Height was measured to the nearest 1 mm with adolescents
standing in upright position and the head in the Frankfurt plane,
measurement was done using a portable stadiometer.
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Body Mass Index (BMI) was calculated by dividing weight in kg/m2
(in meters). Waist circumference (WC) was measured using inelastic
tape horizontally midway between the lowest rib margin and the iliac
crest, after gentle expiration. The hip circumference was measured
at the point yielding the maximum circumference over the buttocks,
and the tape was held in the horizontal plane and waist-hip ratio was
calculated.
A sample of venous blood was obtained after a 12-hour fasting in
order to determine concentrations of insulin by chemiluminescene
immunoassay (Access Beckman Coulter Instruments, Brea California),
glucose and plasma lipids by an enzymatic method, and high density
lipoprotein cholesterol (HDL-C) assayed by addition of magnesium
ions (Syncron CX Beckman Instruments, Brea California). Low
density liporprotion cholesterol (LDL-C) levels were estimated using
Friedewald formula, modified by De Long [8].
Insulin resistance was defined as a clinical condition with potential
decline of both endogenous and exogenous insulin to enhance glucose
uptake and glucose utilization by the cells of the body. In this study
insulin resistance is expressed in homeostatic model of assessment
of insulin resistance (HOMA-IR), which was calculated using the
following equation: [(fasting glucose (mg/dl) (fasting insulin (µu/
ml)/405)] [9].
A HOMA-IR value of 3.4 was chosen as the cut-off point to define
IR, as it has been suggested that beyond this value, which corresponds
to the 90th percentile of a population of healthy, IR becomes a
cardiovascular risk factor [10].
Interleuckin-6 was measured in the serum by enzyme immunoassay
(EIA). The assay was performed in duplicate using kits provided
by Immunotech (Marseille, France). The minimum concentration
detected was 3 pg/ml [11]. TNF- α was estimated by the same method.

Results and discussion
This study involved 61 males in the obese adolescents group and 42
males in the control healthy group with mean of age 14.8 ± 1.3 years in
obese group and 14.6 ± 1.5 years in the control healthy group.
High fasting insulin levels were observed in the obese adolescents
26.1 ± 15.9 µu/ml vs 8.9 ± 4.3 µu/ml in the control healthy group with
presence of insulin resistance in the obese adolescents as HOMA-IR =
6.3 ± 4.2 and the cut-off point was 3.4, so that obesity appears to disrupt
the ability of insulin to affect glucose uptake and metabolism in tissues
sensitive to insulin (known as insulin resistance).
The results coincide with Serrano et al. 2010 [12]. They observed
that obese and overweight adolescents were having 4.5-fold more likely
to have alterations in HOMA-IR index and having a higher value with
higher percentage of body fat (Tables 1 and 2).
Also Mieldazis et al. [13] were investigating the association between
BMI, HOMA-IR and insulin levels in obese children, and concluded
that there is strong association between hyperinsulinemia and obesity
and that the higher the BMI, the higher HOMA-IR. Our results coincide
also with Lavrador et al. [14], they observed that higher degrees of
obesity had higher frequencies of alterations in blood glucose, HOMAIR, triglycerides, demonstrating that the degree of obesity influences
the onset of clinical and metabolic alternations (Table 3).
Interleukin 6 is a circulating multifunctional cytokine with various
functions such as inflammation, host defense, and tissue injury. It
is produced by many cell types and tissues, including immune cells,
fibroblasts, endothelial cells, skeletal muscles, and adipose tissue.
Adipose cells contribute 15 to 30% of circulating IL-6 levels in the
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Table 1. Comparison between obese adolescents and healthy adolescents i.e control group.
Adolescents (n)

Obese adolescents

Healthy controls

61 (30 female)

42 (22 female)

P Value

Age (years)
Means SD

14.8 ± 1.3

14.6±1.5

0.148

Weight (KG)

72.1 ± 18.7

35.9 ± 13.1

<0.001

BMI (kg/m2)

31.8 ± 3.9

19.4± 2.8

<0.001

WC(cm)

105.2 ± 11.9

64 ± 8.9

<0.001

Waist to hip ratio

112.2 ± 10.4

0.81 ± 0.05

<0.001

Fasting Glucose
(mg/dl)

101.1 ± 10.3

83.1 ± 6.8

<0.001

Fasting Insulin
(µu/ml)

26.1 ± 15.9

8.9 ± 4.3

<0.001

HOMA-IR

6.3 ± 4.2

1.7 ± 0.9

<0.001

SBP (mmHg)

100± 5.2

97.5 ± 10

0.474

DBP (mmHg)

65 ± 7.1

65.6 ± 6.8

0.798

IL-6 (Pg/ml)

4.6 ± 1.9

1.1 ± 0.5

<0.001

TNFX (Pg/ml)

2.2 ± 1.3

2.0 ± 0.6

0.805

Table 2. Lipids Profile among the study and control groups.
Obese adolescents

Healthy controls

P Value

Total Cholesterol
(mmol/l)

4.27 ± 0.72

4.08±0.8

0.432

HDL –Cholesterol
(mmol/l)

1.29 ± 0.14

1.4 ± 0.16

0.517

LDL-Cholesterol
(mmol/l)

2.7 ± 0.9

2.13± 0.7

0.521

Triglycerides
(mmol/l)

0.87 ± 0.34

0.77 ± 1.05

0.648

Table 3. Correlation between interleukin-6 with insulin resistance incidence in obese
adolescents.
Model

Regression coefficient

P Value

Constant

-0.762

0.227

IL-6

-0.415

0.318

absence of acute inflammation [15]. In this study, high levels of IL-6
were recorded among the obese adolescents 4.6 ± 1.9 pg/ml. This result
coincides with Fried et al. [16], they reported that Interleukin 6 production
is significantly enhanced by adipose tissue in obesity (Figure 1).
The adverse effects of increase IL-6 in obesity include two major
adverse effects as insulin resistance and increased risk for cardiovascular
complications. Circulating IL-6 was found to be associated with insulin
resistance in healthy men, in obese women and in cancer patients [17-19].
Logistic regression analysis, revealed no significant association
between IL-6 levels and the incidence of insulin resistance in obese
adolescents (P=0.318). Log regression coefficient value of IL-6 was
negative (b= -0.415), showing an inverse relationship between the
insulin resistance incidence and levels of IL-6 in obese adolescents.
These results did not coincide with Yaste et al. [14], they reported that
there is a positive correlation between plasma level of IL-6 levels and
insulin resistance in obese adults and children.
The higher levels of interleukin 6 in obese children are considered
to be a predictor of type 2 diabetes and future myocardial infarction
[20,21] where in 20 obese adolescents, high levels of creative protein
and IL-6 were found compared with the control group, they were obese
and having fatty liver disease.

Conclusion
In conclusion, obese adolescents in our study had significantly
raised interleukin-6 (IL-6) compared to normal weight children,
reinforcing the evidence that subclinical inflammation is already
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Figure 1. Correlation between IL-6 and HOMA-IR in obese adolescents.

present in childhood obesity, so that obesity may lead to development
of metabolic syndrome and insulin resistance, so that we should do our
efforts to prevent obesity through:

9. Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici (2005) Homeostasis model
assessment in more reliable than the fasting glucose/ insulin ratio and quantitative
insulin sensitivity check index for assessing insulin resistance among obese children
and adolescents. Pediatrics 115: e500-503.

1. Healthy lifestyle habits, including healthy eating and increase

10. Lebovitz He, Banerji MA (2005) Point Visceral adiposity is casually related to insulin
resistance. Diabetics Care 28(a): 2322-2325.

physical activity.

2. The dietary and physical activity behaviors of children and

adolescents are influenced by many factors and sectors of society,
including families, communities, schools, child care settings,
medical care providers, government, the media, and the food and
beverage industries and entertainment industries.

3. Schools play a critical role by establishing a safe and supportive
environment with policies and practices that support healthy
behaviors. Schools also provide opportunities for children to learn
about and practice healthy eating and physical activity behaviors.
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