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CLINICAL STUDY

Evaluation of the relationship between insulin resistance
and plasma tumor necrosis factor-alpha, interleukin-6 and
C-reactive protein levels in obese women
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Abstract: Objective: To investigate the relationship between insulin resistance and tumor necrosis (TNF)-α,
interleukin (IL)-6, C-reactive protein (CRP) in obese women.
Background: Obesity and type 2 diabetes are associated with insulin resistance, the mechanisms of which
remain poorly understood.
Materials and µethods: Forty obese (35.8±9.6 years) and 20 non-obese women (31.1±7.7) were recruited
between June 2002 and February 2003 at the Okmeydaný Training and Research Hospital, Istanbul, Turkey.
The obese group was equally divided into two according ?to their WHR (>0.8 and 0.8). Subjects with blood
pressure values higher than 140/90 mmHg, pathological findings on standard 12-lead ECG and leukocytosis
and glucose levels >100 mg/dl were excluded.
Results: Plasma insulin (p<0.0001) and fasting glucose levels (p<0.0001), and HOMA values (p<0.0001) in the
obese group were higher than in the controls. Serum triglyceride and VLDL levels were higher in the obese
group (p<0.0001 in both), whereas HDL cholesterol levels were higher in the lean control group (p<0.0001).
However, no difference was observed between two groups in terms of total cholesterol and LDL-cholesterol
levels. The serum levels of both TNF-α, IL-6 and CRP were found elevated in the obese group (p<0.05, p<0.05,
p<0.01, respectively). In the subgroup analysis, only the HOMA values and TNF-α levels were found higher
in the android obese group (p<0.05 and p<0.0001, respectively).
Conclusion: Insulin resistance seems to be one of the major causes of obesity-related complications due to
increased secretion of TNF-α, IL-6 and CRP together with android obesity (Tab. 5, Ref. 33). Full Text (Free,
PDF) www.bmj.sk.
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Obesity and type 2 diabetes are associated with insulin resistance, the mechanisms of which remain poorly understood. Obesity represents an expansion of adipose tissue mass, and one explanation for obesity-related insulin resistance is the production
of certain factors by adipose tissue including tumor necrosis factor (TNF)-α, interleukin (IL-6), C-reactive protein (CRP) that
render some subjects more insulin resistant than others (1, 2).
TNF-α has been suggested to cause insulin resistance by impairing the insulin receptor signalization, inhibiting the lipoprotein lipase and thus triggering the lipolysis in adipose tissue (3,
4). Lipolysis in turn increases the levels of non-esterified fatty
acids and thus induces the insulin insensitivity in liver and muscle
via the glucose-fatty acid (Randle) cycle (5).
Approximately 2530 % of serum IL-6 originates from adipose tissue, and the secretion of IL-6 from subcutaneous fat is in
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proportion to fat mass (6). Omental fat cells secrete approximately 23 times more IL-6 as compared to subcutaneous
adipocytes (7). Plasma IL-6 levels have been found to be significantly and inversely related with insulin sensitivity (1). Current
knowledge indicates that IL-6 is the major circulating component
associated with insulin resistance. These two cytokines, TNF-α
and mainly IL-6, are also responsible for the elevated C-reactive
protein (CRP) levels (8, 9) which have been found to have a
positive correlation with body mass index (BMI) (10, 11).
Mild inflammation or elevated CRP itself may contribute to
insulin resistance. According to the Third National Health and
Nutrition Examination Survey (NHANES III) CRP may indirectly reflect the association between factors such as TNF-α and
IL-6, and BMI. CRP has a positive relation with BMI, insulin,
glucose, glycosylated hemoglobin and diabetes and the demonstration of increased CRP levels in overweight and obese individuals is considered to be a risk factor for elevated morbidity
and mortality (12).
Overall, the fact that overweight and obese individuals yield
an increase in serum levels of CRP, IL-6 and TNF-α, which are
known markers of inflammation, strongly suggests that obesity
is a low-grade systemic inflammatory disease (10). Recent data
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suggest that inflammation is involved in atherogenesis and that
insulin resistance syndrome is accompanied by an increase in
acute--phase response (13, 14). Obesity, insulin resistance syndrome, and atherosclerotic disease are closely linked and the
increased acute-phase response may be a common denominator in all.
It is well known that body fat distribution generally differs
between men and women. Men often have abdominal obesity,
whereas peripheral obesity is the most common form among
women. Waist-hip ratio (WHR) is a well known determinant of
abdominal obesity and compared to BMI a better, albeit indirect, marker of visceral fat mass. Since the calculation of WHR
is totally for free and at the same time it gives a good idea about
the ratio of intra-abdominal fat, the incorporation of WHR into
the clinical markers of obesity would render it precious in the
application of preventative medicine.
In summary, obesity which is considered a low-grade systemic inflammatory disease is characterized by a reduction in
insulin sensitivity. Cytokines produced by adipose tissue including TNF-α and IL-6, and CRP seem to play a role in obesityrelated insulin resistance. In this study, we aimed to investigate
the relationship between insulin resistance, TNF-α, IL-6, and
CRP in obese women, and to see whether there is any difference
in waist-to-hip ratio.
Materials and methods
Study population
Forty otherwise healthy and physically active obese women
(mean age: 35.8±9.6 years) and 20 non-obese women (mean age:
31.1±7.7 years) were recruited between June 2002 and February
2003 at the S.B. Okmeydani Training and Research Hospital.
Subjects with blood pressure values higher than 140/90 mmHg,
pathological findings on standard 12-lead ECG and leukocytosis and plasma fasting glucose levels >100 mg/dl were excluded
from the study.
Study procedures
Height, weight as well as waist and hip circumferences were
measured while the subjects were in their indoor clothes and
without shoes. BMI (weight divided by the square of height) and
waist-to-hip ratios (WHR) were calculated. Blood pressures, 12lead standard ECGs were obtained, and laboratory examinations
were performed to determine the conformity of subjects to exclusion criteria. Venous blood samples were drawn from each
subject after an overnight fasting at 08:00. Hemograms were assessed with Coulter and biochemical parameters including glucose, total cholesterol, triglyceride, HDL-, LDL- and VLDLcholesterol) with Olympus AU 5200 autoanalyser. Serum insulin was determined with Roche Elecsys 2010 autoanalyser. Serum samples were centrifuged and stored at -20 °C to be used
for the measurement of TNF-α, IL-6, CRP levels. TNF-α and
IL-6 were measured with Immulite 1000 autoanalyser, and CRP
was measured with Turbitimer device by Behring using the commercially available kits. Insulin resistance was calculated accord-

ing to the formula of the homeostasis model assessment method
(HOMA) (15):
HOMA =

Fasting insulin (pU/ml) X Fasting glucose (mmol/L)
22.5

The obese subjects were then divided into two groups according to their WHR. All study parameters were also compared
between these two subgroups consisting of 20 obese women with
WHR >0.8 and 20 obese women with WHR 0.8.
Statistical analysis
Data are presented as mean ±+ standard deviation (SD). Statistical analyses were performed with GraphPad Prism V.3 software. Independent t-test was used for the paired group comparisons
and Chi-square test for the analyses of qualitative data. TNF-α,
IL-6, CRP and HOMA parameters with skewed distributions were
log-transformed and geometric means were used in the analyses. Results were evaluated with a 95 % confidence interval and
a p value <0.05 was regarded significant.
Results
Mean age was 31.1±7.7 years in the study group and 35.8±9.6
years in the control group and there was no statistically significant difference between the groups (p>0.05). The height also
did not differ between these two groups (162.5±4.6 cm and
160.1±6.9 cm in the study and control groups, respectively;
p>0.05). On the contrary, weight, waist circumference, hip, BMI
and WHR values were significantly higher in the study group
compared to control (p<0.0001). Demographic features of the
study population are presented in Table 1.
The study group which consisted of obese individuals
with BMI>30 kg/m2, was further divided into two subgroups
according to WHR and demographic features of these subgroups
did not differ significantly (p>0.05) except for the waist circumference (98.85±10.40 cm vs 107.15±9.71 cm; p<0.05). Demographic features of the study subgroups are presented in
Table 2.

Tab. 1. Demographic features of the control and study groups.
Control group
(n=20)

Study group
(n=40)

p

Age (year)

31.10 ± 7.67

35.78 ± 9.57

>0.05

Height (cm)

162.50 ± 4.62

160.15 ± 6.87

>0.05

Weight (kg)

56.75 ± 4.42

93.05 ± 14.27

<0.0001

Waist (cm)

68.55 ± 4.72

103.00 ± 10.78

<0.0001

92.80 ± 4.10

125.33 ± 12.95

<0.0001

BMI (kg/m )

21.70 ± 1.50

36.19 ± 4.49

<0.0001

WHR

0.73 ± 0.04

0.82 ± 0.06

<0.0001

Hip (cm)
2

BMI  Body mass index; WHR  Waist to hip ratio
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Tab. 2. Demographic features of the obese women according to their
waist to hip ratio (WHR).

WHR≤0.8
(n=20)

WHR> 0.8
(n=20)

p

Age (year)

33.90 ± 8.78

37.65 ± 10.16

>0.05

Height (cm)

161.10 ± 5.70

159.20 ± 7.90

>0.05

Weight (kg)

94.50 ± 15.47

91.60 ± 13.20

>0.05

Waist (cm)

98.85 ± 10.40

107.15 ± 9.71

<0.05

Hip (cm)

128.75 ± 13.91

121.90 ± 11.22

>0.05

36.28 ± 5.54

36.10 ± 3.28

>0.05

2

BMI (kg/m )
BMI - Body mass index

Tab. 3. Plasma fasting insulin, glucose levels and HOME values of
the control and study groups.

Control group
(n=20)
Insulin
(mU/ml)
Glucose
(mg/dl)
HOMA

Study group
(n=40)

p

levels 7.15 ± 3.57

16.19 ± 8.28

<0.0001

levels 80.0 ± 4.87

97.47 ± 8.34

<0.0001

1.29

<0.0001

3.44

Serum fasting insulin levels
Serum fasting insulin levels were found to be significantly
higher in the study group compared to control (Tab. 3). However, no statistically significant difference was determined in subgroup comparisons (15.32±5.65 mU/ml vs 17.11±10.46 mU/ml in
the WHR ≤0.8 and >0.8 groups, respectively; p>0.05).
Serum fasting glucose levels
As shown in Table 3, serum fasting glucose levels were significantly higher in the study group compared to control. However, no statistically significant difference was determined in
subgroup comparisons (97.93±8.40 mg/dl vs 97.00±8.49 mg/dl
in the WHR ≤0.8 and >0.8 groups, respectively; p>0.05).
Evaluation of insulin resistance
The geometric mean (G.M.) of HOMA, an indicator of insulin resistance, was found to be significantly lower in the study
group than in the control group (Tab. 4). When compared between the subgroups, however, HOMA did not differ between
groups with WHR ≤0.8 and WHR>0.8 (3.436 vs 3.453, respectively; p>0.05).
Serum TNF-α and IL-6 levels
As given in Table 4, mean serum TNF-α level were significantly higher in the control group in comparison to the study
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group. The significance in serum TNF-α levels was even higher
when compared to study subgroups (0.66 pg/ml vs 1.03 pg/ml in
the WHR ≤0.8 and >0.8 groups, respectively; p>0.0001). TNFα level did not show significant correlations with any of HOMA,
BMI, WHR indices (Tab. 5).
Similarly, mean serum IL-6 levels were found to be higher
in the study group than in the control group (Tab. 4). However
study subgroups did not differ significantly in terms of serum
IL-6 levels (0.84 pg/ml vs 0.97 pg/ml in the WHR ≤0.8 and >0.8
groups, respectively; p>0.05). IL-6 levels did not correlate with
any of HOMA, BMI, and WHR indices (Tab. 5).
Serum CRP levels
Similarly, serum CRP levels were significantly higher in the
study group compared to the control group (Tab. 4). Study subgroups did not show statistically significant difference in terms
of serum IL-6 levels (1.04±1.43 mg/dl vs 0.84±0.48 mg/dl in
the WHR ≤0.8 and >0.8 groups, respectively; p>0.05). While
CRP correlated with HOMA (r=0.31; p<0.05), no such correlation was determined with BMI and WHR indices (Tab. 5).
Lipid profile
The comparison of triglyceride and VLDL levels revealed
higher results in the obese group (p<0.0001 in both), whereas
HDL cholesterol levels were found to be higher in the lean control group (p<0.0001) compared to the obese group. On the contrary, no difference was determined between the two groups in
terms of total cholesterol and LDL-cholesterol levels (p>0.05).
In the subgroup analysis none of the lipid parameters correlated
significantly with WHR (p>0.05).

Tab. 4. Plasma TNF-a, IL-6 and CRP levels of the control and study
groups.

Control group
(n=20)

Study group
(n=40)

p

TNF-α (pg/ml)

0.662

0.831

<0.0001

IL-6 (pg/ml)

0.908

0.817

<0.05

CRP (mg/dl)

3.44

0.94 ± 1.06

<0.01

Tab. 5. Correlations of plasma TNF-a, IL-6 and CRP levels with
BMI and WHR in the study group (n=40) and with HOMA values in
the entire group (n=60).

TNF-α
IL-6
CRP

BMI

WHR

HOMA

r=0.04
p>0.05
r=0.16
p>0.05
r=0.24
p>0.05

r=0.296
p>0.05
r=0.265
p>0.05
r=0.099
p>0.05

r=0.10
p>0.05
r=0.02
p>0.05
r=0.31
p<0.05
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Discussion
Obesity defined as an increase in adipose tissue, is associated with insulin resistance. Its mechanism might be based on the
fact that the increased adipose tissue secretes particular factors
which render some people more insulin resistant than others (1).
Fasting insulin concentrations is often used as a rough measure of in vivo insulin resistance since hyperinsulinemia is generally associated with insulin resistance. This assumption is particularly valid in non-diabetic individuals with no impairment in
their glucose tolerance. In our study, we found that both fasting
insulin and HOMA levels were statistically significantly elevated
in the obese group. Similarly, Kern et al (1) demonstrated a strong
relationship between obesity and insulin resistance in both diabetic and non-diabetic individuals and suggested that the risk of
diabetes might be 11 times higher when BMI increases from 20
to 30 (1). In the present study, HOMA levels were also noted to
be significantly associated with BMI while this was a common
finding in previous studies (1, 16, 17).
Our results regarding the relationship between WHR and
HOMA showed that WHR, which is an index of visceral (android)
obesity, correlates positively with HOMA levels. This translates
into more insulin resistance in android obese women with higher
WHR. Correspondingly, Bastard et al (16) have studied fasting
insulin resistance index in diabetic and non-diabetic android obese
women (WHR>0.90) in comparison to lean control group, and
determined insulin resistance in the group of android obese women.
TNF-α has been shown to induce insulin resistance via endocrine and/or autocrine effects on adipose and muscle tissue, and to
impair the effect of insulin by inhibiting the tyrosine kinase activity of insulin receptor (3). TNF-α levels in obese women were
found to be significantly higher than in non-obese women. In addition, plasma TNF-α levels were seen to correlate positively with
BMI. The study by Hotamisligil et al (18) also demonstrated the
increased secretion of TNF-α from adipose tissue and suggested
this as a possible explanation of insulin resistance in obesity. Similarly to our results, Bastard et al (16) reported significantly higher
TNF-α levels in obese compared to lean women and added that
TNF-α levels were markedly associated with BMI. Furthermore,
Kern et al (1) compared lean and obese individuals and found a
7.5 times increase in TNF-α secretion and significantly higher
plasma TNF-α levels in the obese group. Yudkin et al (19) also
reported elevated plasma TNF-α levels in their obese group, suggesting an important role for TNF-α in obesity and insulin resistance. All these findings are in agreement with ours and suggest
that plasma TNF-α levels, which have a role in insulin resistance,
are elevated in obese individuals. Plasma TNF-α levels were also
studied in our study subgroups and found to be significantly higher
in the group with WHR>0.80 compared to the group with WHR<0.80.
Parallel to our findings, Bastard et al (16) also found higher plasma
TNF-α levels in both diabetic and non-diabetic android obese
people. However, Yudkin et al (19) found no association between
plasma TNF-α with WHR in android obese individuals.
The role of IL-6 in insulin resistance is a less known parameter compared to other parameters of obesity. Studies have shown

that the subcutaneous adipose tissue secretes IL-6 and that this
secretion is associated with BMI suggesting a role for IL-6 in
insulin resistance due to obesity (6, 16). We also found higher
levels of plasma IL-6 in obese compared to non-obese women
and this was a statistically significant finding. Both Yudkin et al
(19) and Kern et al (1) studied plasma IL-6 levels in obese individuals and found significantly higher levels suggesting a positive correlation with BMI. Our results complied with the results of
both of these studies. However, we could not determine any relationship between IL-6 levels and WHR in the subgroup analysis.
Recent data indicate that an increase in acute-phase response
commonly accompanies the insulin resistance syndrome (12). Serum CRP levels were shown to be associated with obesity as well as
fasting plasma insulin levels (2022). In addition, high serum CRP
concentrations are associated with insulin resistance and cardiovascular diseases, and CRP is a marker used in establishing the risk of
cardiovascular diseases (20, 23). In our study, we found significantly
higher plasma CRP levels in the group of obese women. This suggests that obesity affects the serum CRP levels, which has also been
shown to be proportional with the measurements of body adipose
tissue (21, 24). Correspondingly, McLaughlin et al (25) have shown
elevated serum CRP levels in insulin-resistant obese people. Authors have also observed a reduction in serum CRP levels and an
improvement in insulin resistance in response to weight loss (26).
Studies in the literature have shown that plasma HDL-cholesterol levels are decreased in android obese people (2730),
the mechanism of which might be based on reduced lipoprotein
lipase levels that convert HDL 3 to HDL 2 in android obesity
(31). Although we determined significantly lower HDL levels in
obese women, we were unable to study the HDL 2 and 3 levels.
Further studies should focus on these two parameters in android
obesity. On the other hand, our findings of plasma total cholesterol and LDL-cholesterol levels suggest no significant difference between obese and lean people and thus comply with literature data in this respect (32).
On the other hand, no significant difference was observed in
terms of CRP in the subgroup analysis for android obesity. Contrary to BMI, serum CRP levels were not associated with WHR
of the whole group. Similarly, Linonen et al (33) determined no
relationship between WHR and serum CRP levels but did suggest a strong correlation of CRP levels with BMI and waist circumference. BMI and CRP were also found to be positively associated in NHANES III where the lowest CRP levels were determined in individuals with BMI <18.5 kg/m2 (12). In the present
study, serum CRP levels demonstrated a significant relationship
only with HOMA, not with plasma IL-6 and TNF-α levels. The
positive association of CRP with fasting plasma insulin levels
was also common in the study of Bastard et al (16).
In conclusion, we hereby demonstrated that insulin resistance
develops in individuals with BMI>30 kg/m2. Correspondingly,
plasma insulin levels, HOMA values, TNF-α, IL-6 and CRP concentrations increase in proportion to BMI and WHR, the marker
of android obesity. It can thus be concluded that insulin resistance develops in obese people due to increased levels of TNF-α,
IL-6 and CRP and together with android obesity it is the major
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cause of complications (including diabetes, hypertension, cardiovascular diseases and gall bladder diseases) seen in obesity.
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