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Abstract

Background: Obesity is associated with a state of systemic inflammation, mediated by adipose tissue-derived cytokines

that may also have metabolic effects, including an effect on insulin resistance. The aim of this study was to compare the

serum profile of pro- and anti-inflammatory cytokines in obese and non-obese subjects.

Methods: A total of 242 subjects who were either overweight or obese (body mass index [BMI]5 25 kg/m2) and

non-obese subjects (body mass index <25 kg/m2), were recruited in Mashhad in northeastern Iran. The concentrations

of serum interleukin-1a, -1�, -2, -4, -6, -8 and -10 (IL-1a, IL-1�, IL-2, IL-4, IL-6, IL-8 and IL-10), were measured in all

subjects, together with serum vascular endothelial growth factor, interferon-g, epidermal growth factor, monocyte

chemoattractant protein-1 and tumour necrosis factor-a.

Results: The groups differed significantly with respect to measures of adiposity and fasted lipid profile. Serum pro-

inflammatory cytokines interferon-g and interleukin-1a, and anti-inflammatory cytokines, interleukin-10, and epidermal

growth factor were significantly different between obese and non-obese individuals, as was serum high-sensitivity

C-reactive protein. Multivariate regression showed that waist circumference was significantly and independently related

to serum monocyte chemoattractant protein-1concentrations (P¼ 0.001).

Conclusion: Despite significant differences in several cytokines between the groups, only monocyte chemoattractant

protein-1appeared to be independently related to a measure of adiposity in this population sample from Iran.
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Introduction

Obesity is an important public health challenge glo-
bally. There are large differences in the prevalence of
overweight and obesity regionally.1 Obesity is a grow-
ing problem in both developed and low-income coun-
tries.2–5 The World Health Organization (WHO) has
reported that there are 1 million excess deaths and
12 million life-years of ill health attributable to obesity
every year. Sociocultural and environmental factors are
determinants of diet and physical activity; conse-
quently, there is a significant difference in the preva-
lence of obesity between different countries.1 In Iran,
there has been a rapid change in dietary habits and
physical activity levels that started during the 1990s
and has led to an increased obesity rate among the
Iranian people.4,6

Obesity is a common condition that is defined by an
excess accumulation of fat in the adipose tissue. It is
associated with metabolic, haematological and muscu-
loskeletal complications, including, dyslipidaemia,
heart disease, diabetes and increased risk of some
malignancies, leading to a shortened life span.2,7

Visceral obesity is defined by the presence of excess
fat in the abdominal cavity, and is an independent
risk factor for several other conditions.7

Inflammation arising from within the adipose tissue
has been identified as a major source of systemic
inflammation and may also be associated with insulin
resistance. Adipocytes and adipose tissue-associated
macrophages from obese individuals are an important
source of inflammatory mediators such as tumour
necrosis factor-a (TNF-a), interleukin (IL)-6, IL-1,
and monocyte chemoattractant protein-1 (MCP)-1.8 It
has been proposed that adipokines such as leptin can
induce T-helper cells to secrete pro-inflammatory cyto-
kines including TNF-a, and interferon-g (IFN-g).9,10

IL-1 suppresses adipocyte differentiation and the
expression of lipoprotein lipase in adipose tissue.
A member of this family, IL-1a, is involved in the regu-
lation of adipogenesis and energy expenditure.11

Indeed, activation of inflammatory pathways in adi-
pose tissue promotes the release of free fatty acids
from triglyceride (TG) stores and results in macrophage
infiltration into tissue.8 In contrast, decreased concen-
trations of the anti-inflammatory cytokine, IL-10, have
been shown to be associated with obesity and metabolic
syndrome. IL-10 inhibits the synthesis of pro-inflam-
matory cytokines via suppression of NF-kB in macro-
phages.12 A negative relationship between serum IL-10
and body mass index (BMI) has been reported
previously.2

Because of the potential importance of cytokine
activity in obesity and its related complications, we
aimed to compare a panel of pro-inflammatory and
anti-inflammatory cytokines in the serum of obese,

overweight and non-obese people living in northeastern
Iran.

Methods

Study design and participants

A total of 242 subjects were enrolled into the study. The
subjects with obesity were referred to the clinic of Ghaem
Hospital, Mashhad for nutritional advice. Using the
WHO (BMI) classification,13 77 individuals were
classified as non-obese (BMI¼ 20–24.9 kg/m2), 76 indi-
viduals were classified as overweight (BMI¼5 25–
29.9 kg/m2) and 89 individuals were classified as obese
(BMI¼530). The control subjects did not have a his-
tory of major systemic disease, including renal or infec-
tious disease or lupus. The non-obese, control group,
was recruited from the normal population of Mashhad,
Iran. We determined the fasting blood glucose (mmol/
L) concentrations of each individual in the non-obese
group, and this was less than 5.2mmol/L for each sub-
ject. Exclusion criteria included: a history of endocrino-
logical abnormalities, congestive heart disease, liver
and/or renal disease, pregnancy and alcohol consump-
tion or treatment with medications that altered blood
pressure, glucose or lipid metabolism.

Blood collection and routine biochemistry

Blood samples (10mL) were obtained in the early morn-
ing after an overnight fast. Blood samples were collected
into plain VacutainerTM tubes for lipid profile measure-
ments, and into VacutainerTM tubes containing fluoride-
oxalate for measurement of fasting blood glucose.

Blood samples were centrifuged and stored
at �80�C. Low-density lipoprotein cholesterol, high-
density lipoprotein, total cholesterol (TC), cholesterol
and glucose were measured using routine techniques
using a Cobas Auto Analyser system (ABX
Diagnostics, Montpellier, France). Subjects with dia-
betes or with a serum high-sensitivity C-reactive
protein (hsCRP) 5 95.24mmol/L were excluded from
the study.

The study was approved by the Ethics Committee of
the Mashhad University of Medical Sciences, and
informed consent was obtained from individuals who
were included in the criteria for inclusion.

Measurement of cytokines

Cytokines measurements were performed using Biochip
Array Technology on a Randox Evidence Investigator
analyser (Randox Laboratories, Belfast, Northern
Ireland). The Evidence Investigator Biochip Array
Technology was used to perform simultaneous
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quantitative detection of multiple analytes using a
single patient sample. Intra- and interassay CVs for
cytokine markers were 410%.14 The cytokine array
biochip employs a sandwich chemiluminescent
immunoassay for a high-throughput measurement of
circulating cytokines. The light signal generated from
each of the test regions on the biochip is detected
using digital imaging technology and compared to
that from a stored calibration curve. The serum con-
centrations of the cytokines were derived from the
calibration curve. Serum IL-1a, IL-1�, IL-2, IL-4,
IL-6, IL-8, IL-10, vascular endothelial growth factor
(VEGF), IFN-g, epidermal growth factor (EGF),
MCP-1 and TNFa were determined.

Measurement of baseline data

Demographic data and anthropometric parameters were
obtained by using a general questionnaire. Weight was
measured using electronic scales when subject with wear-
ing light clothing without shoes. Height was measured
using a wall-mounted stadiometer. Blood pressure was
measured using a mercury sphygmomanometer accord-
ing to the standard procedures, and periodical validity
and reliability of instrument were checked.

Statistical analyses

Data analyses were performed using the SPSS software
(version 16). Comparisons between groups were per-
formed using either t-test or Mann-Whitney U test.
Normally distributed data were presented as
means� standard deviation (SD). Analysis of trends
was performed using linear regression models to deter-
mine the effect of anthropometric characteristics on
serum cytokine and growth factor level. A P< 0.05
was considered to be statistically significant.

Results

Participant characteristics associated with evaluation
base line data

Table 1 shows data, including anthropometric and bio-
chemical profile of study subjects in the obese and non-
obese groups. Unsurprisingly, anthropometric meas-
urements such as weight (P4 0.001), BMI
(P4 0.001), waist circumference (WC) (P4 0.001),
hip circumference (HC) (P4 0.001), and fasting
blood glucose (P4 0.001), were significantly different
between the groups, when subjects were matched for
age and sex. Serum hsCRP was significantly different
between the groups (P4 0.001), and serum fasted TGs
(P¼ 0.003) were significantly different between the
obese and non-obese groups.

Serum cytokines and growth factor levels

Serum cytokines and growth factors were compared
between obese and non-obese groups using Mann-
Whitney U test with Bonferroni correction. We found
that for the three groups there were significant differ-
ences in serum concentrations of IL-10 (P¼ 0.012),
IL-1a (P¼ 0.001) and IFN-g (P4 0.001) (Table 2).
Serum IL-1a increased from non-obese group to over-
weight and obese groups. Serum IL-10 and IFN-g were
highest in the overweight group. Significantly lower
concentrations of serum EGF were found in the over-
weight group compared to non-obese control group.
No significant differences were found between the
groups for serum IL-2 and IL-6. VEGF though not
significant, showed decreased concentrations in the
overweight and obese groups compared to non-obese
group.

The effect of anthropometric characteristics on
cytokine and growth factors

We performed univariate analysis using linear regres-
sion models to determine the effect of three anthropo-
metric variables (BMI, WC and HC) on serum cytokine
concentrations (Table 3). Univariate analysis showed
that WC was associated with serum MCP-1 concentra-
tions. We also examined the effect of WC on the serum
concentration of MCP-1 in the presence of potentially
confounding factors such as sex, age (while already
being matched between groups; their distribution in
the subgroups differed between groups), TC, TG,
high-density lipoprotein cholesterol (HDL-C), diastolic
blood pressure (DBP) and hsCRP using multivariate
analysis. We found that WC remained positively asso-
ciated with serum MCP-1 concentration even after cor-
rection for these confounding variables.

Discussion

As for several previous studies,15,16 we found that in
addition to age, gender and blood pressure, several bio-
chemical parameters, including, blood glucose and TGs
were associated with degrees of adiposity. Cytokines
are mediators of pro- and anti-inflammatory responses.
We found that among our panel of pro/anti-inflamma-
tory cytokines and growth factors, IL-10, IFN-g and
IL-1a were significantly (P< 0.05) different between
non-obese, overweight and obese people. We observed
an incremental trend in the serum concentrations of
these cytokines from non-obese to obese groups. We
also showed that serum EGF concentrations were sig-
nificantly lower in overweight people compared to the
non-obese controls. Previous reports have also shown
that people with obesity have a higher concentration of
serum IL-10, IFN-g, TNF-a, and IL-12, and that high
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concentrations of IL-4, IL-10 and IL-13 are related to
low physical activity in obese people.17 A further study
has reported a high concentration of IL-10 in obese
people, but that the metabolic syndrome was not asso-
ciated with low concentrations of IL-10.18 A study in
young adolescents in Taiwan has reported low concen-
tration of serum IL-10 and high concentrations of
serum IL-1� in overweight and obese subjects. The
authors also reported a negative correlation of IL-10
with IL-1� cytokines in obesity.12 In a further study
on the association of inflammatory cytokines in obese
and non-obese women, it was observed that the con-
centration of serum TNF-a, IL-6, P-selectin, intercellu-
lar adhesion molecule 1 (ICAM-1) and vascular cell
adhesion molecule 1 (VCAM-1) was higher in obese
women, and that weight loss reduced the concentra-
tions of these cytokines in the obese group.19

For other cytokines and growth factors including
IL-2, IL-4, IL-6, IL-8, VEGF, TNF-a, IL-1� and
MCP-1, we did not observe a significant (P< 0.05) dif-
ferences between our groups. We found a high vari-
ation in serum cytokine concentrations within each

group, highlighting the dependency of the circulatory
cytokine concentrations to various conditions.

Although there have been previous reports of high
concentrations of IL-1, IL-18, IL-8 and IL-6 in obese
people,20–22 we did not find any significant differences
in serum IL-6 and IL-8 between our groups.

VEGF did not differ significantly between the
groups. The overexpression of VEGF in white and
brown adipose tissue has been shown to protect the
animals against high-fat diet-induced hypoxia and
obesity.23 IL-4 is another important cytokine involved
in adipogenesis inhibition and lipolysis enhancement.24

An increased concentration of IL-4 has been reported
in girls with central obesity.25 In present study, we
observed a statistically non-significant difference in
IL-4 concentration from non-obese to obese group.

We performed a univariate analysis to evaluate the
effects of three anthropometric variables (BMI, WC
and HC) on serum cytokine concentrations. As data in
Table 3 show, there was an independent negative rela-
tionship betweenWCand serumMCP-1 concentrations.
WC which in contrast to BMI is independent of age26

Table 1. Base line demographic, anthropometric and biochemical data of subjects in each group.

Non-obese

(n¼ 77)

Overweight

(n¼ 76)

Obese

(n¼ 89) P P1 P2 P3

Age (year) (Mean� SD) 51.6� 11.9 50.1� 11.4 51.1� 8.0 0.644

Sex (no. (%))

Male 42 (54.5) 34 (44.7) 35 (39.3) 0.142

Female 35 (45.5) 42 (55.3) 54 (60.7)

Smoking (no. (%))

Yes 18 (26.5) 21 (31.3) 21 (31.3) 0.774

No 50 (73.5) 46 (68.7) 46 (68.7)

Height (m) (mean� SD) 1.6� 0.09 1.6� 0.08 1.6� 0.08 0.272

Weight (kg) (mean� SD) 60.8� 9.1 72.1� 8.4 86.2� 13.3 <0.001 <0.001 <0.001 <0.001

BMI (kg/m2) (mean� SD) 22.8� 1.9 27.6� 1.6 33.5� 3.4 <0.001 <0.001 <0.001 <0.001

WC (m) (mean� SD) 0.87� 0.10 0.97� 0.07 1.07� 0.11 <0.001 <0.001 <0.001 <0.001

HC (m) (mean� SD) 0.96� 0.07 1.04� 0.04 1.14� 0.09 <0.001 <0.001 <0.001 <0.001

SBP (kPa) (mean� SD) 16.2� 3.0 16.4� 3.3 17.2� 2.9 0.109

DBP (kPa) (mean� SD) 10.6� 1.5 10.6� 1.9 11.6� 1.7 <0.001 0.999 0.002 0.001

FBG (mmol/L) (mean� SD) 4.6� 0.6 5.0� 0.8 4.9� 0.8 0.001 0.003 0.007 0.931

TC (mmol/L) (mean� SD) 4.8� 0.9 5.0� 1.0 5.0� 1.0 0.252

TG (mmol/L) (median(IQR)) 1.2 (1.0–1.6) 1.6 (1.1–2.2) 1.5 (1.1–2.2) 0.003 0.003 0.024 0.703

HDL-C (mmol/L) (mean� SD) 1.1� 0.2 1.0� 0.2 1.1� 0.2 0.261

LDL-C (mmol/L) (mean� SD) 2.9� 0.7 3.2� 0.7 3.0� 0.8 0.28

hsCRP (mmol/L) (median(IQR)) 14.2 (11.9–28.5) 22.8 (10.4–53.3) 37.1 (19.0–57.1) <0.001 0.022 <0.001 0.294

Note: Comparisons were performed by one-way ANOVA and Kruskal–Wallis test for normally and non-normally distributed variables, respectively.

Also the Tukey/Dunnett’s T3 test and Mann–Whitney U test were used for comparison between groups.

Values are presented as mean� SD, median and interquartile range for normally and non-normally distributed variables, respectively.

P1: comparison between non-obese and overweight, P2: comparison between non-obese and obese, P3: comparison between overweight and

obese; BMI: body mass index; WC: waist circumference; HC: hip circumference; FBG: fasting blood glucose; TC: total cholesterol; TG: triglyceride;

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; DBP: diastolic blood pressure;

IQR: interquartile range; hsCRP: high-sensitivity CRP.

666 Annals of Clinical Biochemistry 53(6)



Table 3. Association of anthropometrics variables and serum cytokines and growth factors using linear regression models.

Univariate Univariate

â CI P â CI P

IL-2 BMI 0.011 �0.50 0.72 0.524 EGF BMI 1.793 �1.377 4.964 0.266

WC 0.010 �0.15 0.34 0.432 WC 1.118 �0.151 2.386 0.084

HC 0.021 �0.009 0.050 0.176 HC 0.389 �1.169 1.946 0.623

IL-6 BMI 0.028 �0.61 0.117 0.534 IL8 BMI 0.547 �0.405 1.498 0.259

WC 0.014 �0.21 0.050 0.428 WC 0.256 �0.121 0.633 0.183

HC 0.005 �0.38 0.048 0.819 HC �0.057 �0.520 0.406 0.809

IL-10 BMI 0.010 �0.28 0.047 0.608 VEGF BMI 1.081 �1.198 3.359 0.351

WC 0.008 �0.007 0.023 0.308 WC 0.053 �0.863 0.969 0.910

HC 0.009 �0.010 0.027 0.362 HC �0.023 �1.141 1.096 0.968

IFNg BMI 0.014 �0.026 0.054 0.499 TNFa BMI 0.034 �0.014 0.082 0.168

WC 0.011 �0.005 0.028 0.167 WC 0.015 �0.004 0.035 0.123

HC 0.006 �0.014 0.026 0.578 HC 0.014 �0.010 0.037 0.260

IL-1a BMI 0.005 �0.003 0.013 0.190 IL1� BMI 0.007 �0.005 0.018 0.245

WC 0.002 �0.001 0.005 0.184 WC 0.004 <0.001 0.009 0.062

HC 0.002 �0.002 0.006 0.305 HC 0.005 �0.001 0.010 0.079

MCP-1 BMI �7.070 �2.948 1.409 0.487 IL4 BMI 0.023 �0.019 0.065 0.283

WC �1.459 �2.323 �0.595 0.001 WC 0.015 �0.002 0.031 0.092

HC �0.087 �1.162 0.989 0.874 HC 0.006 �0.015 0.027 0.552

Multivariatea

MCP-1 WC �1.789 �2.904 �0.675 0.002

aIn present of age, sex, smoking, TC, TG, HDL-C, DBP and hsCRP.

�: coefficient regression, CI: confidence interval, BMI: body mass index, WC: waist circumference, HC: hip circumference, EGF: epidermal growth

factor, IFN-g: interferon g, IL-1a: interleukin-1a, IL1�: interleukin-1 �, IL-2: interleukin-2; IL-4: interleukin-4; IL6: interleukin-6; IL-8: interleukin-8; IL-10:

interleukin-10; MCP-1: monocyte chemoattractant protein; TNFa: tumour necrosis factor; VEFG: vascular endothelial growth factor.

Table 2. Comparison of serum cytokine and growth factor concentrations in groups of individuals with different degrees of adiposity.

Serum cytokines and

growth factors Non-obese (n¼ 77) Overweight (n¼ 76) Obese (n¼ 89) P P1 P2 P3

IL-2 2.7 (2.5–3.1) 2.7 (2.5–3.2) 2.7 (2.5–3.4) 0.900

IL-4 1.8 (1.6–2.4) 2.2 (1.8–2.6) 2.0 (1.7–2.6) 0.071

IL-6 1.2 (0.7–1.3) 0.9 (0.6–1.6) 0.9 (0.6–1.6) 0.987

IL-8 8.4 (4.6–17.8) 5.8 (3.3–9.4) 5.9 (3.2–10.6) 0.049 0.028 0.049 0.953

IL-10 0.82 (0.67–1.00) 0.89 (0.76–1.23) 0.80 (0.63–1.24) 0.012 0.015 0.012 0.007

VEGF 115.6 (71.1–117.1) 71.1 (27.3–119.5) 75.0 (21.3–153.6) 0.287

IFN-g 0.57 (0.41–0.67) 0.68 (0.56–1.58) 0.57 (0.00–0.72) <0.001 <0.001 <0.001 0.002

TNFa 1.6 (1.2–2.1) 1.8 (1.2–2.2) 1.8 (1.4–2.2) 0.166

IL-1a 0.53 (0.49–0.61) 0.58 (0.51–0.66) 0.61 (0.51–0.76) 0.001 0.008 0.001 0.240

IL-1� 104.0 (56.6–191.4) 80.8 (46.4–158.9) 107.2 (44.4–181.3) 0.071

MCP-1 104.0 (56.6–191.4) 80.8 (46.4–158.9) 107.2 (44.4–181.3) 0.386

EGF 51.3 (6.3–135.5) 24.4 (3.3–89.2) 38.6 (11.8–136.6) 0.034 0.012 0.034 0.052

Note: Values are expressed as median (Interquartile range).

The SI unit values are ng/L for all cytokines.

Comparisons were performed by Kruskal–Wallis H test and post hoc of Mann-Whitney U test. Bonferroni correction was performed (significant level:

P< 0.05).

P1: comparison between non-obese and overweight, P2: comparison between non-obese and obese, P3: comparison between overweight and obese;

GF: growth factors; EGF: epidermal growth factor; IFN-g: interferon g; IL-1a: interleukin-1a; IL-1�: interleukin-1 �; IL-2: interleukin-2; IL4: interleukin-

4; IL-6: interleukin-6; IL-8: interleukin-8; IL-10: interleukin-10; MCP-1: monocyte chemoattractant protein; TNFa: tumour necrosis factor; VEFG:

vascular endothelial growth factor.
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showed a significant independent association with serum
MCP-1 when this was evaluated after correction for con-
founding factors. Several studies have identified a strong
association between plasma MCP-1 concentrations and
body weight.27–29 An increase in MCP-1 expression by
adipose tissue may affect macrophage infiltration into
this tissue, causing an enhancement of the inflammatory
state in obesity.28,30

In summary, we have found a complex relationship
between adiposity and serum cytokine and growth
factor profile. However, there was a consistent and inde-
pendent relationship between adiposity and serum MCP-
1 concentrations. Serum MCP-1 may enhance the pro-
inflammatory milieu by increasing macrophage infiltra-
tion of adipose tissue.
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