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INTRODUCTION

Adipose tissue has long been known as a
storage depot for fat, but now it is known to play
a role in metabolism (Visser et al, 1999). Adi-
pose t issue can secrete proinf lammatory
cytokines, such as interleukin-6 (IL-6) and tu-
mor necrosis factor-α (TNF-α) (Hotamisligil et al,
1995). IL-6 released from adipose tissue may
cause low-grade systemic inflammation in per-
sons with excess body fat. C-reactive protein
(CRP), a systemic marker for systemic inflam-
mation can predict future risk of coronary heart
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Abstract. This study aimed to 1) compare levels of high sensitivity c-reactive protein (hs-CRP),
interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α) between overweight Thais and apparently
healthy controls, and 2) investigate the association between serum hs-CRP, IL-6, and TNF-α levels
and other biochemical parameters.  A total of 180 health-conscious adults aged 25-60 years, who
resided in Bangkok, participated in this study. No significant difference was found in age and sex
between the overweight subjects and controls. Serum levels of hs-CRP, IL-6, TNF-α, glucose, lipid
profile, body mass index (BMI), waist circumference (WC), hip circumference (HC) and waist hip ratio
(WHR) were determined in these volunteers.  The mean levels of white blood cells (WBC), uric acid,
total cholesterol (TC), triglyceride (TG), and hs-CRP were significantly higher in the overweight sub-
jects than those in the controls, whereas high density lipoprotein-cholesterol (HDL-C) values were
significantly higher in the controls than the overweight subjects (p<0.05). Hs-CRP levels were sig-
nificantly positively correlated with levels of TG, BMI, WC, HC and WHR.  HDL-C levels were signifi-
cantly negative correlated with hs-CRP levels.  In conclusion, the prevalence of elevated serum hs-
CRP levels was higher in overweight subjects than controls. However, more data in larger and other
population groups are needed to confirm this study.

disease (CHD) (Visser et al, 1999). Ramos et al
(2003) reported that TNF-α and IL-6 are corre-
lated directly to the degree of obesity. Vikram et
al (2003) found TNF-α regulated the release of
IL-6. Apart from this, a third of total circulating
IL-6 levels originate from adipose tissue in
healthy subjects (Mohamed-Ali et al, 1997).
Ferranti and Rifai (2002) showed that IL-6 and
TNF-α regulate the synthesis of CRP. IL-6 can
stimulate the production of CRP in the liver. It
was found that higher adipose tissue content of
IL-6 has been associated with higher serum CRP
levels in obese subjects (Das, 2001). Therefore,
it is interesting to study the association of over-
weight persons with serum levels of CRP, IL-6,
and TNF-α.

Thai people are highly inclined to be over-
weight, which can lead to non-communicable
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diseases, such as cardiovascular disease (CVD),
hypertension (HT), and type II diabetes mellitus
(DM). However, no data of TNF-α, CRP, and IL-
6 levels, including their relationship to obesity,
are available for adults. This study   investigated
serum CRP, IL-6, and TNF-α in overweight, com-
pared with normal-weight, adults. These new
data may highlight the benefit of these three tests
for improving CHD risk assessment. The objec-
tives of this study were to compare levels of se-
rum high sensitivity c-reactive protein (hs-CRP),
IL-6, and TNF-α between overweight subjects
and healthy controls, and to study the associa-
tion between biochemical, including anthropo-
metric parameters and serum levels, of hs-CRP,
IL-6, and TNF-α.

MATERIALS AND METHODS

Data collection was done between August
2003 and March 2004. The target population
was health-conscious adult Thai males and fe-
males aged 25-60 years, who lived in Bangkok.
They were 90 overweight subjects (44 males and
46 females) and 90 apparently healthy controls
(46 males and 44 females). Venous blood
samples were drawn after overnight fast for
plasma glucose, lipid profile, serum IL-6, serum
TNF-α and serum hs-CRP analysis. Serum total
cholesterol (TC), triglyceride (TG) and high den-
sity lipoprotein-cholesterol (HDL-C) and plasma
glucose were detected by enzymatic colorimet-
ric method (Ashwood and Burtis, 1999). Low
density lipoprotein-cholesterol (LDL-C) was cal-
culated by subtract ion of  TC by HDL-C
(Ashwood and Burtis, 1999). Sera for hs-CRP,
IL-6, and TNF-α were stored at -70ºC until analy-
sis. Hs-CRP was detected by particle enhanced
turbidimetric test (Roche COBAS Integra; Roche
Diagnostics, 2002). IL-6, and TNF-α were de-
termined by a solid phase sandwich enzyme-
linked immunosorbent assay (ELISA) (BD Bio-
sciences 2003, 2004). The volunteers were in-
terviewed for background characteristics using
questionnaires.  Subjects gave written consent
to participate in the present study, which was
approved by the Faculty of Tropical Medicine,
Mahidol University. The inclusion criteria included
having no diseases and no medical treatment.
Anthropometric measurements were taken.

Weight was measured using a standard balance
scale. Weight was measured in light clothing and
bare feet to the nearest 0.1 kg. Height was mea-
sured without shoes with the Frankfurt plane
horizontal to the nearest 0.1 cm. In this study,
normal weight referred to body mass index (BMI,
weight in kilogram divided by height in meter2)
18.5-24.9, and overweight as BMI ≥ 25 (WHO
Expert Committee on Obesity, 2000).

Waist circumference (WC) was taken at the
narrowest point between the lower rib border
and the iliac crest recorded to the nearest 0.1
cm (Gibson, 1990).  Hip circumference (HC) was
taken at the point of maximum circumference
over the buttocks in a horizontal plane. Then,
the waist-hip circumference ratio (WHR) was
calculated (Gibson, 1990). Blood pressure (BP)
was measured using a standard mercury sphyg-
momanometer and a cuff of suitable size. The
cut-point for hypertension was ≥140 mmHg sys-
tolic blood pressure (SBP) and ≥90 mmHg dias-
tolic blood pressure (DBP) (WHO Expert Com-
mittee on Hypertension, 1996).

Statistical analysis

Odd ratios and their 95% confidence inter-
vals were applied to test for an association be-
tween the categorical variables and overweight
subjects. Levels of serum hs-CRP, IL-6, and
TNF-α  between overweight subjects and healthy
controls were compared by t-test statistic.
Pearson correlation was applied for testing the
association between the factors involved, obe-
sity and hs-CRP, IL-6, and TNF-α  levels.

RESULTS

This study was conducted with 90 over-
weight subjects and 90 controls, in Bangkok.
The univariate analysis of factors associated with
overweight subjects is summarized in Table 1.
Government employees were more likely to be
overweight than those from private companies
(OR =3.93, 95%CI = 1.55 - 9.98). Subjects who
reported that they had a family income ≤10,000
baht were more likely to be overweight than
those who had a family income more than 40,000
baht (OR = 4.88, 95% CI = 1.83 - 12.97). The
result of multivariate analysis is summarized in
Table 2. Variables that were significant on
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univariate analysis at a p-value ≤ 0.05 are in-
cluded in the multivariate model. The risk of over-
weight was still significantly associated with sub-
jects with family income ≤10,000 baht (Adjusted
OR = 3.26, 95% CI = 1.11 - 9.57), 10,001 -
20,000 baht (Adjusted OR = 3.00, 95% CI =
1.12-8.02) and 20,001 - 40,000 baht (Adjusted
OR = 2.85, 95% CI = 1.04 - 7.79).

Age, anthropometric parameters and blood
pressures in overweight subjects and healthy
controls are shown in Table 3. The mean ages
of the controls and overweight subjects were
similar. The mean values for BMI, WC, HC, WHR,
SBP and DBP were significantly higher in the
overweight subjects than those in the healthy
controls (p < 0.05).

Hematological and biochemical findings for
the overweight subjects and healthy controls are
shown in Table 4. Hematological data showed a
statistically significant higher white blood cell
(WBC) count in overweight subjects than in
healthy controls. The mean uric acid levels and

Variables OR 95%CI
No. % No. %

Education
     Pratom 6 19 21.1 15 16.7 1.90 0.55-6.53

Mattayom  6 22 24.4 9 10 3.67 1.00-13.34
     Vocational training 14 15.6 14 15.6 1.50 0.42-5.35

Bachelor degree 29 32.2 43 47.8 1.01 0.33-3.15
> Bachelor degree 6 6.7 9 10 1

Occupation
Housewife + others 7 7.8 10 11.1 1.34 0.40-4.48
Employee 35 38.9 17 18.9 3.93* 1.55-9.98
Government official 37 41.1 42 46.7 1.68 0.72-3.95
Private company 11 12.2 21 23.3 1

Income (baht)
≤ 10,000 26 28.9 16 17.8 4.88* 1.83-12.97
10,001-20,000 32 35.6 25 27.8 3.84* 1.53-9.62
20,000-40,000 23 25.6 22 24.4 3.14* 1.21-8.15
> 40,000 9 10 27 30 1

Physical activity
Regular 24 26.7 27 30 1
Sometimes 35 38.9 42 46.7 0.60 0.28-1.31
No 31 34.4 21 23.3 0.57 0.28-1.15

*Significant at p-value ≤ 0.05

Table 1
Background information of overweight subjects and healthy controls.

Overweight (n = 90) Controls(n = 90)

Variables Adjusted OR 95%CI

Occupation
Housewife + others 1.04 0.03-3.68
Employee 2.33 0.82-6.62
Government official 1.15 0.46-2.90
Private company 1

Income (baht)
≤ 10,000 3.26* 1.11-9.57

     10,001-20,000 3.00* 1.12-8.02
     20,001-40,000 2.85* 1.04-7.79

> 40,000 1

*Significant at p-value ≤ 0.05

Table 2
Multivariate analysis of background

information of overweight subjects and
healthy controls.

hs-CRP levels were significantly higher in the
overweight subjects than those in the healthy
controls (p < 0.05).  The TG and TC levels were
significantly higher, whereas HDL-C levels were
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Parameters p
Mean SD Mean SD

Age (year) 40 8.27 40 7.98 0.905
BMI (kg/m2) 28.84 3.07 22.08 1.82 0.000*
WC  (cm)

M 94.2 7.2 79.7 5.1 0.000*
F 85.4 8.5 72.8 5.5 0.000*

HC (cm)
M 104.3 7.0 93.6 4.2 0.000*
F 104.7 7.0 94.1 4.9 0.000*

WHR
M 0.90 0.03 0.85 0.04 0.000*
F 0.82 0.05 0.77 0.05 0.000*

SBP (mmHg) 121 10 115 11 0.000*
DBP (mmHg) 77 6 75 7 0.000*

*Statistically significant difference at p < 0.05 tested by t-test
BMI = Body mass index, WC = waist circumference, HC = hip circumference, WHR = Waist hip ratio, SBP =
systolic blood pressure, DBP = diastolic blood pressure

Table 3
Age, anthropometric parameters and blood pressure in overweight subjects and healthy controls.

Overweight subjects Healthy controls
(No. = 90) (No. = 90)

significantly lower in the overweight subjects
compared to the healthy controls (p < 0.05).

When the association between age, BMI,
WC, HC, WHR including blood pressure, were
studied with hs-CRP, positive correlations be-
tween BMI,WC,HC,WHR and hs-CRP levels
were statistically significant (p < 0.05) (Table 5).

The association between plasma glucose,
total protein, albumin, lipid profile, uric acid, hs-
CRP, IL-6 and TNF-α levels are shown in Table
6.  Positive correlations between the level of TG,
including uric acid in female group, and hs-CRP,
was statistically significant (p < 0.05), while HDL-
C was negatively correlated with hs-CRP.  Il-6, it
was significantly negatively correlated with se-
rum TC and LDL-C.

DISCUSSION

This study reported serum hs-CRP, IL-6,
and TNF-α in overweight Thais and healthy con-
trols. Subjects willing to enroll in this study were
carefully selected to exclude conditions that
could interfere with hs-CRP, IL-6, and TNF-α lev-
els (medication, diseases, etc).

The observations that raised concentrations
of CRP in healthy subjects predicted the inci-

dence of coronary heart disease (CHD) over a
period of years suggested a role for inflamma-
tion in the initiation of atherosclerosis as well as
in the precipitation of an acute event (Yudkin et
al, 1999). Several trials have found that CRP in-
creased in patients with a higher BMI (Ferranti
and Rifai, 2002). Our study indicated a signifi-
cantly higher prevalence of elevated serum lev-
els of hs-CRP in overweight subjects than con-
trols (Table 4). Overweight persons should pre-
vent CHD in the future by reducing weight to
normal status. Visser et al (1999) also reported
that CRP levels were elevated in overweight
adults, while Chandalia et al (2003) found Asian
Indians as a group had significantly higher
plasma hs-CRP levels than Caucasians. This in-
dicates that there are different CRP levels in dif-
ferent races. Apart from the prevalence of el-
evated serum CRP in overweight adults, some
reports indicate higher serum CRP levels in over-
weight children and adolescents as well. A study
in the USA, which included a multi-ethnic popu-
lation, showed elevated CRP levels in 7.6% of
boys and 6% of girls. Apart from this, the preva-
lence of high CRP levels was three times higher
among overweight subjects (Visser et al, 2001).
A similar result was found in a study by Ford et
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al (2001), where high CRP was found in over-
weight subjects aged 6-18 years. However,
these studies used different cut-points to define
the elevated CRP levels. Vikram et al (2003) stud-
ied CRP levels in urban North Indians aged 14-
25 years. The result revealed elevated CRP lev-
els in adolescents and young adults having in-
creased generalized and abdominal adiposity.

As mentioned previously, adipose tissue can
secrete IL-6 and TNF-α (Hotamisligil et al, 1995).
While most studies found IL-6 and TNF-α were
significantly higher in overweight subjects than
lean subjects, our study showed no difference
in levels of IL-6 and TNF-α between overweight
subjects and controls (Table 4).  However, IL-6
and TNF-α values tended to be higher in the
overweight subjects than the controls. The stud-
ies by Dandona et al (1998), Yudkin et al (1999),
Zahorska-Markiewicz et al (2000), Berberoglu
(2001) and Laimer et al (2002), displayed el-

evated serum TNF-α in obese subjects. How-
ever, data from two studies, by Kern et al (2001)
and Pincelli et al (2001), found no correlation be-
tween serum TNF-α values and obesity. This was
probably due to differences in mean BMI and
age in each population studied. Most obese sub-
jects in many research studies had higher mean
BMI than this study. The mean age in our study
was 40 years in both groups. One study in Ja-
pan found TNF-α was associated with BMI in
Japanese subjects in their 60s, but not in those
in their 20s and those aged 30-49 years (Suzuki
et al, 2002). This is probably because older sub-
jects tend to have more diseases than younger
subjects. Apart from this, it was difficult to find
volunteers to enroll in this study. Many obese
persons had health problems that excluded them
from the criteria of this research.

Our study found significantly positive cor-
relations between hs-CRP levels and TG but a

Parameters p
Mean SD Mean SD

WBC count ( x 109 / l ) 7.73 2.23 6.25 1.70 0.001*
Hemoglobin (g/dl)

M 15.58 1.29 15.46 1.04 0.647
F 13.46 1.15 12.91 1.12 0.104

Hematocrit
M 46.86 3.75 46.44 3.02 0.589
F 40.50 3.24 38.85 3.77 0.095

Mean corpuscular hemoglobin concentration (g/l) 33.23 0.55 33.27 0.37 0.643
Serum total protein (g/dl) 7.50 0.39 7.56 0.38 0.335
Serum albumin (g/dl) 4.54 0.36 4.54 0.32 0.981
Plasma glucose (mg/dl) 91.98 11.62 89.13 9.32 0.072
Uric acid (mg/dl)

M 6.95 1.89 5.98 1.25 0.005*
F 4.47 1.89 3.75 1.01 0.028*

Serum cholesterol (mg/dl) 227.12 45.26 214.84 34.31 0.042*
Serum triglyceride (mg/dl) 148.32 127.85 103.64 52.34 0.002*
Serum HDL-C (mg/dl) 48.66 10.15 55.10 12.42 0.000*
Serum LDL-C (mg/dl) 134.14 39.29 134.37 36.49 0.969
Serum hs-CRP (mg/l) 1.80 1.28 1.01 0.96 0.000*
Serum IL-6 (pg/ml) 1.87 1.50 1.76 1.57 0.637
Serum TNF-α (pg/ml) 0.85 1.21 0.74 0.92 0.503

* Statistically significant difference at p < 0.05 tested by t test

Table 4
Hematological and biochemical findings for overweight subjects and healthy controls.

Overweight subjects Healthy controls
(N = 44) (N = 46)
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Age -0.03 0.756 0.08 0.279 -0.14 0.067
BMI 0.37* 0.000 0.03 0.726 0.06 0.392
WC

M 0.27* 0.006 -0.05 0.313 0.12 0.130
F 0.43* 0.000 0.07 0.243 0.02 0.428

HC
M 0.24* 0.013 0.00 0.493 0.15 0.089
F 0.46* 0.000 0.10 0.180 0.06 0.281

WHR
M 0.20* 0.032 -0.12 0.135 0.03 0.390
F 0.21* 0.022 0.03 0.408 -0.04 0.347

SBP 0.12 0.108 -0.05 0.515 -0.02 0.782
DBP 0.02 0.822 -0.03 0.697 -0.02 0.841

* Statistically significant difference at p < 0.05 tested by Pearson correlation

Table 5
Correlation between age, anthropometric parameters, and blood pressure with hs-CRP, IL-6, and

TNF-a levels.

Parameters
r p r p r p

Hs-CRP IL-6 TNF-α

Plasma glucose 0.11 0.136 -0.06 0.456 -0.07 0.327
Serum total protein 0.06 0.451 -0.04 0.665 0.04 0.616
Serum albumin 0.08 0.334 -0.14 0.087 -0.07 0.421
Serum total cholesterol 0.14 0.062 -0.17* 0.024 -0.05 0.475
Serum triglyceride 0.28* 0.000 0.01 0.884 -0.01 0.895
Serum HDL-C -0.16* 0.028 -0.003 0.973 0.08 0.263
Serum LDL-C -0.04 0.566 -0.18* 0.02 0.05 0.494
Uric acid

M 0.05 0.662 0.05 0.610 0.15 0.151
F 0.34* 0.001 0.10 0.363 -0.05 0.674

* Statistically significant difference at p < 0.05 tested by Pearson correlation

Table 6
Correlation between plasma glucose, total protein, albumin, lipid profile, and uric acid with

hs-CRP, IL-6, and TNF-α levels.

Parameters
    r p r p r p

Hs-CRP IL-6 TNF-α

statistically significant negative correlation be-
tween hs-CRP and HDL-C (Table 6). Aronson et
al (2004) also showed a positive correlation be-
tween CRP and fasting glucose, TG, and hyper-
tension while a negative correlation was found
between CRP and HDL-cholesterol in middle-
aged subjects. This finding suggested that a
proinflammatory effect may contribute to the

adverse cardiovascular outcomes associated
with dyslipidemia and impaired fasting glucose.

We confirmed the positive correlations be-
tween hs-CRP and BMI, WC, HC and WHR were
statistically significance (Table 5). This is con-
sistent with the largest data set on obesity and
CRP in the Third NHANES of USA, in 1988 and
1994, which indicated obesity conferred an in-
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creased odds ratio for increased CRP after con-
trolling for other variables (Ferranti and Rifai,
2002). Saijo et al (2004) also found serum CRP
had a significantly positive correlation with WC
in Japanese subjects. Visser et al (1999) stated
that human abdominal visceral adipose tissue
releases more IL-6 than subcutaneous adipose
tissue. Some studies suggested that abdominal
adipose tissue was a major source of cytokines,
including IL-6, which is an important determi-
nant of hepatic CRP synthesis (Chambers et al,
2001).

We found no statistically significant asso-
ciation between levels of IL-6, including TNF-α,
and BMI. Cottam et al (2004) mentioned that IL-
6 and TNF-α are responsible for the dyslipidemia
that is common in morbid obesity (BMI > 40).

The results of our study indicate that re-
ducing overweight may be effective in decreas-
ing hs-CRP and preventing the incidence of car-
diovascular events. Moreover, the benefits of
weight control affect one’s health. If weight loss
continues for 2 years, it can reduce blood pres-
sure, improve dyslipidemia, and decrease the risk
of DM (Sjostrom’et al, 1997). Ford (2001) indi-
cated that a balanced diet and regular physical
activity should be encouraged, because they
showed an association with lower CRP levels in
adults. Bruun et al (2002) found that obese sub-
jects with a mean BMI 39 kg/m2 had decreased
plasma TNF-α after 20 weeks of weight reduc-
tion. Bastard et al (2000) found IL-6 levels
dropped with weight loss. Therefore, regular
physical activity and healthy dietary habits can
help lower levels of hs-CRP, IL-6, and TNF-α and
prevent obesity, including reducing potential car-
diovascular inflammation. Data about CRP, IL-
6, and TNF-α concentrations in representative
populations from this study may be useful for
the clinician and the general practitioner in as-
sessing the risk of future cardiovascular events.

In summary, our study indicates a signifi-
cantly higher prevalence of elevated serum hs-
CRP in overweight subjects than controls. This
supports findings that CRP is a strong predictor
of cardiovascular events. CRP is a main acute
phase protein, and a marker of systemic inflam-
mation (Heinrich et al, 1990). Our results indi-
cate that elevated CRP, a state of low-grade

systemic inflammation, is found in overweight
persons. Apart from this, we found significantly
positive correlations between hs-CRP levels and
TG, BMI, WC, HC and WHR. Further studies are
needed to confirm these findings, especially in
children, adolescents and the elderly.
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