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Abstract

The metabolic syndrome (MetS) is associated with a pro-inflammatory milieu that may partially account for its association with an increased

cardiovascular risk. We aimed to (1) evaluate the serum concentrations of twelve cytokines and growth factors (epidermal growth factor

(EGF), interferon-g (IFN-g), IL-1a/-1b/-2/-4/-6/-8/-10, monocyte chemoattractant protein-1 (MCP-1), TNF-a and vascular endothelial

growth factor (VEGF)) in 303 individuals with or without the MetS; and (2) explore their relationship with the presence of the MetS.

Patients with the MetS had significantly higher serum concentrations of IFN-g, EGF, IL-1a/-1b/-2/-4/-6/-8/-10, MCP-1 and TNF-a, whilst

serum VEGF concentrations were markedly lower compared with the control group (e.g. 38·55 v. 82·18 pg/ml; P,0·05). Amongst these

parameters, IFN-g and IL-1a emerged as the most significant independent predictors of the MetS. In conclusion, our findings demonstrate

that patients with the MetS had an altered blood cytokine and growth factor profile that may partially account for its adverse clinical

outcomes. Further prospective studies in larger multi-centre settings are required to unravel the role and association of the emerging

biomarkers with the MetS and their implication in therapeutic intervention.
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The metabolic syndrome (MetS) is a common metabolic

condition that is characterised by a clustering of biochemical

and clinical characteristics, including central adiposity and

insulin resistance. It is associated with an increased risk of

both diabetes(1) and CVD(2–6). The prevalence of the MetS has

increased globally in the past few decades, and this may be

related to the increasing prevalence of obesity and diabetes.

Impaired glucose tolerance, dyslipidaemia and hypertension

are features of the MetS, and more recently a low-grade

systemic inflammation has been reported to be associated

with it(7). Obesity is also associated with a chronic infla-

mmatory response that includes activation of inflammatory

signalling pathways, abnormal cytokine production and an

increased acute-phase response(8). Moreover, circulating

levels of inflammatory markers, such as C-reactive protein

(CRP)(9) fibrinogen(10), and pro-inflammatory cytokines, such

as IL-6(11), IL-10(12) and TNF-a(13), have been reported to be

associated with the MetS(14). IL-1a and IL-1b as members of

IL-1 family are both responsible for a variety of inflammatory

and metabolic effects. However, the data have not been
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consistent(15–17). Furthermore, a great number of experi-

mental and epidemiological studies suggest that low-grade

inflammation links variables, particularly attributed to the

MetS, to the increased risk of CVD. It is known that a low-

grade systemic inflammation precedes and predicts the

progress of both diabetes and atherothrombotic diseases.

The mild inflammatory state is associated with insulin resist-

ance and obesity(18). However, Matsushita et al.(17) studied

624 middle-aged Japanese men without a history of CVD or

cancer and reported no significant associations of TNF-a and

IL-6 with the MetS or its components. These inconsistent find-

ings may be explained by several reasons, including variations

in lifestyle, including diet, severity of associated disease, small

sample size, ethnic origin and concurrent medication. Since in

previous studies the relationship between the MetS and CVD

and a limited numbers of individual inflammatory markers

were assessed, in the present study we have measured the

serum concentrations of a profile of twelve biomarkers of var-

ious categories (pro-inflammatory, anti-inflammatory and

growth factors: epidermal growth factor (EGF), interferon-g,

IL-1a, IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, monocyte chemoat-

tractant protein-1 (MCP-1), TNF-a and vascular endothelial

growth factor (VEGF)) in groups of individuals with or with-

out the MetS.

Methods

Phenotypic definition of the metabolic syndrome

We used the International Diabetes Federation criteria to define

the MetS, according to which the MetS is defined by the

following characteristics: central obesity (defined as waist

circumference of $94 cm for male or $80 cm for female)

plus any two of the following four factors: raised TAG:

$150 mg/dl (1·7 mmol/l); reduced HDL-cholesterol: ,40 mg/

dl (1·03 mmol/l) in males ,50 mg/dl (1·29 mmol/l) in females;

raised systolic blood pressure (SBP) $130 or diastolic blood

pressure (DBP) $85 mmHg; raised fasting blood glucose

$100 mg/dl (5·6 mmol/l).

Population

A total of 303 participants were recruited, including 155

patients with the MetS and 148 controls without the MetS

from Mashhad (Iran) who had no known history of infectious

diseases or major systemic inflammation and were without a

family history of stroke, myocardial infarction and diabetes

mellitus. The population samples were recruited from Mash-

had city and the surrounding regions in northeast Iran.

Exclusion criteria were medical illnesses such as chronic

liver and/or renal diseases, pregnant women and alcohol

consumption based on a questionnaire, taking any drugs

including dietary supplements and anti-inflammatory drugs

including aspirin and non-steroidal anti-inflammatory drugs.

All participants completed a standardised questionnaire

including the following information: sex, ethnicity, age, diet-

ary habits, family history of myocardial infarction, stroke,

diabetes mellitus and past medical history. In addition, dietary

intake was determined by means of a questionnaire that was

designed on the basis of a 24-h dietary recall. Analysis of

macronutrient intake was performed using Diet Plan 6

software (Forestfield Software Limited). A trained interviewer

performed face-to-face interviews, and individuals were

asked about all foods and beverages that were consumed.

Informed consent was obtained from all participants using

protocols approved by the Ethics Committee of the Mashhad

University of Medical Sciences (MUMS).

Anthropometric measurements

Anthropometric parameters (height, body weight, waist and

hip circumference) were measured using standardised pro-

cedures, as described(19). BMI was calculated as body weight

(kg) divided by squared height in meters (m2), and BMI of

20–24·9, $25–29·9 and $30 kg/m2 were considered as

normal, over-weight or obese, respectively. SBP and DBP

(SBP or DBP) were measured in duplicate by sphygmo-

manometers. Total cholesterol, HDL, LDL and TAG, and

fasting blood glucose concentrations were evaluated by

standard enzymatic techniques, while serum CRP levels were

determined by polyethylene glycol-enhanced immuno-

turbidimetry, as described previously(19).

Measurement of cytokines and growth factors

The concentrations of serum cytokines and growth factors,

including IL-1a, IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, TNF-a,

IFN-g, MCP-1, EGF and VEGF, were measured using the

EV 3513 cytokine biochip array (Randox Laboratories) and

competitive chemiluminescence immunoassays (Randox Lab-

oratories), according to the manufacturer’s instructions(20,21),

using the Randox Evidence Investigator. The Evidence Inves-

tigator is an automated analyser for the simultaneous detection

of multiple cytokines from a single sample and uses sandwich

chemiluminescent methods(20,21). Quantitative and qualitative

results are also available. Intra- and inter-assay CV for most

cytokine markers were #10 % (see online Supplementary

Table S1). Randox cytokine controls are intended for use

as an assayed quality control in the routine monitoring of

accuracy and precision for the analyses listed in this study.

Network analysis

Functional and physical interactions between pro- and

anti-inflammatory factors were retrieved using STRING(22).

Data were analysed using Cytoscape version 2.8.3 (an open-

source Java tool), and networks were merged with embedded

analysis tools, while the Biological Networks Gene Ontology

plug-in provided ontologies for the cluster analyses(22).

Statistical analysis

Data were analysed using SPSS-16 software (SPSS, Inc.).

The normality of distribution was assessed using the

Kolmogorov–Smirnov test. Descriptive statistics including

mean, frequency and standard deviation were determined
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for all variables and was expressed as means with standard

deviations for normally distributed variables (or as the

median and interquartile range for non-normally distributed

variables). For normally and non-normally distributed

variables, Student’s t test and Mann–Whitney U test were

used to compare the clinical characteristics and baseline

demographics between the groups, respectively. The x 2 test

and/or Fisher’s exact test was used for comparing categorical

variables. The correlations between the cytokines and growth

factors were assessed using Spearman’s correlation analysis.

Logistic regression analysis was used to calculate association

of serum cytokines level and the MetS in present of confoun-

ders such as age, sex, smoking and dietary intake. Multivariate

analysis was then undertaken for the variables that had a

P,0·05 in the univariate analysis. Residual regression was

used for adjusting of total energy intake. All the analyses

were two-sided and statistical significance was set at P,0·05.

Results

Clinical characteristics of the population

The clinical and baseline characteristics of patients with

and without the MetS are summarised in Tables 1 and 2.

Individuals with the MetS had a significantly higher BMI,

waist circumference, hip circumference, fasting blood glucose,

high-sensitivity CRP, TAG, SBP and DBP (P,0·05), while no

differences were found for age, sex, height, serum total

cholesterol and LDL cholesterol between the groups

(Table 1). Moreover, we measured fat percentage and waist:

hip ratio in our population. These data showed that the ratio

of waist:hip measurements was significantly (P,0·05)

increased in the MetS group, compared with the control

group. Moreover, the mean and standard deviations of macro-

nutrients and their P-values are presented in Table 2. In the

present study, the mean total energy intake in the MetS

group was less than that of control groups (P¼0·027). The

mean intakes of protein, total fat, SFA, MUFA and PUFA in

the MetS group were less than those of control groups

(P,0·05); however, after adjusting for total energy intake,

significant differences remained for total fat, MUFA and

PUFA (P,0·05).

Altered serum cytokines and growth factor profile in
individuals with metablolic syndrome

As shown in Table 3, individuals with the MetS had signifi-

cantly higher serum concentrations of IL-1a/-b/-2/-4/-6/-8/-

10, TNF-a, IFN-g, MCP-1 and EGF compared with the control

group (P,0·05). Conversely, the serum concentration of

VEGF was significantly lower in individuals with the MetS

(P,0·05; Table 3). Based on these results, we built two separ-

ate networks and functional analyses; the first was composed

of all possible interactions for cytokines, while the second

included interactions retrieved for proteins that had a differen-

tial expression (Fig. 1). These analyses showed the physical

interaction of cytokines and growth factors in patients with

the MetS, suggesting that IL-6/8, VEGF, TNF and chemokine

(C-C motif) ligand 2 (MCP-1) were activated, followed by

induction of IL-1A/-1B (Fig. 1).

Association of serum cytokine and growth factor

We also evaluated the correlation between the cytokines and

growth factors in each group (Tables 4 and 5). This additional

analysis revealed a significant correlation between the

expression levels of IL-8 and TNF-a (P,0·001, r 0·287) or

IFN-g and IL-4 (P¼0·002, r 0·256) or IL-4 and VEGF

(P¼0·001, r 20·272) in individuals without the MetS.

However, we observed a significant correlation between

Table 1. Characteristics data from all subjects in each group*

(Mean values and standard deviations; number of participants and
percentages; median values and interquartile ranges (IQR))

MetS2 (n 148) MetSþ (n 155)

Characteristics Mean SD Mean SD P

Age (years) 1078 53·55 53·91 7·61 0·740
Sex 0·872

Male
n 73 74
% 48·7 47·7

Female
n 77 81
% 51·3 52·3

Current smoker ,0·001
Yes

n 127 40
% 84·7 30·8

No
n 23 90
% 15·3 69·2

Former smoker ,0·001
Yes

n 122 40
% 81·3 30·8

No
n 28 90
% 18·7 69·2

Height (cm) 8·84 161·75 161·39 8·20 0·743
Weight (kg) 11·70 65·54 80·98 12·04 ,0·001
BMI (kg/m2) 4·20 25·24 31·10 3·98 ,0·001
WC (cm) 12·61 91·33 104·81 8·80 ,0·001
HC (cm) 8·50 99·80 109·84 8·13 ,0·001
Fat percentage 30·25 10·62 34·87 8·85 0·001
Waist:hip ratio 0·91 08 0·95 0·06 ,0·001
LDL-C (mmol/l) 3·14 0·79 3·23 0·91 0·384
TC (mmol/l) 5·00 0·95 5·09 1·07 0·468
TAG (mmol/l) ,0·001

Median 1·41 1·89
IQR 1·02–1·91 1·20–2·51

HDL-C (mmol/l) 1·12 0·22 1·05 0·21 0·003
SBP (mmHg) 17·97 121·57 131·78 17·91 ,0·001
DBP (mmHg) 10·75 78·66 85·88 10·78 ,0·001
FBG (mmol/l) 50·40 94·47 108·18 36·80 0·009
hs-CRP (mg/l) ,0·001

Median 15·3 48·5
IQR 10·0–25·0 20·0–72·3

MetS, metabolic syndrome; WC, waist circumference; HC, hip circumference;
LDL-C, LDL cholesterol; TC, total cholesterol; HDL-C, HDL cholesterol; SBP,
systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood
glucose; hs-CRP, high-sensitivity C-reactive protein.

* Student’s t test and Mann–Whitney U test were used to compare the demo-
graphic and clinical characteristics in normally and non-normally distributed
variables, respectively.
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some of cytokines in the MetS group (e.g. correlation of IL-6

with IL-8, P¼0·001, r 0·274, Tables 4 and 5).

Association of serum cytokine and growth factor profiles
with the metabolic syndrome

To evaluate the association of serum cytokine and growth factor

concentrations with the MetS, univariate and multivariate

analyses were employed (Table 6). This analysis showed an inde-

pendent significant (P,0·05) relationship between the presence

of the MetS and serum concentrations of IL-1a, IL-1b, IL-2, IL-4,

IL-6, IL-8, IL-10, IFN-g, TNF-a, VEGF and MCP-1, after removing

the effects of age, sex and smoking. IFN-g and IL-1a showed

the greatest independent association with the MetS (Table 6).

Then we created an inflammatory score to provide a summary

statistic representative of the panel of markers using regression

Table 2. Comparison of the dietary intake of macronutrients between subjects under study *

(Mean values and standard deviations)

MetS2 (n 150) MetSþ (n 155)

Macronutrients Mean SD Mean SD P

Energy intake (kcal) 1881·7 761·2 1650·3 642·8 0·027
Energy intake (kJ) 7873·0 3184·9 6904·9 2689·5 0·027
Protein (g) 72·6 37·4 61·6 28·8 0·028
Adjusted protein (g) 67·4 24·8 64·9 17·4 0·434
Carbohydrate (g) 250·2 110·1 235·9 117·3 0·396
Adjusted carbohydrate (g) 234·1 54·4 252·1 52·0 0·024
Starch (g) 150·8 89·2 143·3 75·1 0·546
Adjusted starch (g) 138·7 70·2 150·4 37·9 0·179
Sugar (g) 94·5 68·3 90·5 69·8 0·696
Adjusted sugar (g) 98·7 55·3 107·4 56·3 0·303
Fibre (g) 18·5 12·5 15·1 9·7 0·053
Adjusted fibre (g) 21·9 9·3 21·1 6·6 0·531
Total fat (g) 72·1 38·1 57·8 24·6 0·003
Adjusted total fat (g) 67·1 20·4 61·1 19·0 0·041
Cholesterol (mg) 229·4 171·4 202·4 141·0 0·254
Adjusted cholesterol (mg) 220·6 167·2 207·4 132·3 0·561
SFA (g) 18·6 10·4 14·9 7·1 0·008
Adjusted SFA (g) 141·2 7·1 139·5 6·7 0·112
Trans fatty acids (g) 0·93 0·69 0·78 0·68 0·151
Adjusted trans fatty acids (g) 1·8 0·5 1·8 0·6 0·530
MUFA (g) 19·7 10·3 15·3 6·5 0·001
Adjusted MUFA (g) 158·1 6·7 156·0 5·5 0·019
PUFA (g) 26·1 17·5 19·0 9·0 0·001
Adjusted PUFA (g) 24·9 12·1 21·0 9·3 0·017

MetS, metabolic syndrome.
* The dietary intake was adjusted based on total energy intake, as described previously(44).

Table 3. Serum concentration of cytokines and growth factors levels in two groups with and
without the metabolic syndrome (MetS)*

(Median values and interquartile ranges (IQR))

MetS2 (n 148) MetSþ (n 155)

Cytokines and GF† Median IQR Median IQR P

IL-2 2·70 2·50–3·15 2·85 2·42–3·70 0·024
IL-4 1·91 1·63–2·36 2·34 1·82–2·79 ,0·001
IL-6 0·89 0·62–1·78 1·24 0·63–3·03 0·017
IL-8 4·48 3·05–5·73 7·64 3·50–25·78 ,0·001
IL-10 0·83 0·70–1·23 0·91 0·76–1·66 0·002
VEGF 82·18 42·44–153·19 38·55 18·00–99·11 ,0·001
IFN-g 0·57 0·54–0·57 1·58 0·71–1·58 ,0·001
TNF-a 0·56 1·15–2·01 0·60 1·14–2·36 0·018
IL-1a 0·52 0·48–0·60 0·54 0·51–0·73 ,0·001
IL-1b 0·54 0·42–0·70 0·67 0·46–1·11 ,0·001
MCP-1 33·79 19·91–55·86 108·45 42·54–97·90 ,0·001
EGF 19·24 10·06–30·39 58·46 14·66–136·78 ,0·001

GF, growth factors; VEGF, vascular endothelial growth factor; IFN-g, interferon-g; MCP1, monocyte chemo
attractant protein; EGF, epidermal growth factor.

* The Mann–Whitney U test was performed.
† Serum cytokines level is expressed as pg/ml.
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coefficient of each marker in multivariate model multiple-by

variation range of cytokines and growth factors level. This anal-

ysis suggested that IFN-g is the factor most related with the

MetS (see online Supplementary Table S2).

Discussion

We have evaluated the association of twelve serum cytokines

and growth factors (EGF, IFN-g, IL-1a/-1b/-2/-4/-6/-8/-10,

MCP-1, TNF-a and VEGF) in individuals with and without

Fig. 1. Network analysis. Functional and physical interactions between pro-inflammatory and anti-inflammatory cytokines and growth factors were retrieved using

STRING and data were loaded in Cytoscape version 2.8.3. Arrows show the direction of interaction. CCL2 (monocyte chemo attractant protein-1), GIF (interferon-g),

EGF, epidermal growth factor; VEGF, vascular endothelial growth factor; GIF, anti-interferon gamma antibody. A colour version of this figure can be found online at

http://www.journals.cambridge.org/bjn

Table 4. Correlation matrix between growth factors, inflammatory and anti-inflammatory cytokines in the group without the metabolic syndrome (n 148)
using Spearman’s correlation analysis

IL-2 IL-4 IL-6 IL-8 IL-10 VEGF IFN-g TNF-a IL-1a IL-1b MCP-1

IL-4
r 0·109
P 0·185

IL-6
r 0·019 20·113
P 0·820 0·168

IL-8
r 0·141 20·084 0·078
P 0·086 0·308 0·341

IL-10
r 0·101 0·106 0·061 20·128
P 0·217 0·198 0·456 0·118

VEGF
r 0·032 20·272* 0·397* 0·221* 0·122
P 0·700 0·001 ,0·001 0·007 0·137

IFN-g
r 0·021 0·256* 0·066 0·038 0·035 0·048
P 0·801 0·002 0·424 0·641 0·670 0·561

TNF-a
r 0·068 20·208* 0·393* 0·287* 0·110 0·395* 0·005
P 0·409 0·011 ,0·001 ,0·001 0·179 ,0·001 0·950

IL-1a
r 0·139 0·120 20·015 0·091 0·064 0·060 0·148 0·041
P 0·090 0·144 0·854 0·269 0·434 0·465 0·070 0·622

IL-1b
r 0·075 20·100 0·222* 20·051 0·135 0·167* 0·047 0·257* 20·052
P 0·363 0·222 0·006 0·536 0·099 0·042 0·565 0·001 0·531

MCP-1
r 0·174* 0·302* 20·107 0·056 0·111 20·195* 0·167* 20·218* 0·058 20·201*
P 0·034 ,0·001 0·194 0·495 0·176 0·017 0·041 0·007 0·484 0·013

EGF
r 0·097 0·067 20·033 0·111 0·089 0·124 0·136 0·189* 20·040 0·013 0·156
P 0·240 0·413 0·684 0·174 0·276 0·130 0·096 0·021 0·625 0·873 0·056

VEGF, vascular endothelial growth factor; IFN-g, interferon-g; MCP-1, monocyte chemo attractant protein; EGF, epidermal growth factor.
* Statistically significant (P,0·05).
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the MetS. We found that the serum concentrations of EGF,

IFN-g, IL-1a/-1b/-2/-4/-6/-8/-10, MCP-1 and TNF-a were

significantly higher in the individuals with the MetS, while

the circulating levels of VEGF were markedly lower in the

group with the MetS; these findings are in agreement with

previous studies(7).

There is accumulating evidence of an association between

the MetS and inflammation(7,23). The increases in serum pro-

inflammatory cytokines, such as IL-6 and TNF-a, are probably

related to the enhanced production by the expanded adipose

tissue mass(24). It has been suggested that resident monocyte-

derived macrophages in the adipose tissue are a major source

of pro-inflammatory cytokines(25). However, little is known

about the pro-/anti-inflammatory cytokine and the growth

factor profile in this condition. We found significant differ-

ences in the concentrations of circulating cytokines and

growth factors in the individuals with the MetS. The limited

numbers of studies concerning the relationship between

inflammation and the MetS as a particular disorder stems

from the great overlap between inflammatory features of

metabolic disorders such as obesity and diabetes as well as

the range of variables involved in the pathogenesis of the

MetS. Different components of the MetS have been implicated

to be associated with low-grade inflammation mediators

including pro-inflammatory, inflammatory and anti-inflamma-

tory markers in numerous studies(8,24). Ridker et al.(26)

explored the relationship between CRP, the MetS and inci-

dence of cardiovascular events among 14 719 apparently

healthy women. They observed that the measurement of

CRP could add clinically important prognostic information to

the MetS(26). Furthermore, abdominal obesity as a major mani-

festation of the MetS leads to an increased expression and

elaboration of various adipokines, which eventually results

in persistent low-grade inflammation.

Here, we observed that individuals with the MetS had

a significantly higher concentration of CRP and IL-6 than

individuals without this syndrome. IL-6 and TNF-a are both

expressed in adipose tissue(17,27), and have been reported as

two of the most important inflammatory markers associated

with the MetS(18). There is increasing evidence that the elev-

ated circulating levels of IL-6, IL-8, IL-1b and TNF-a predict

the risk of type 2 diabetes(28,29). In addition, in line with a pre-

vious finding(30), we observed a significant increase in the

concentrations of the aforementioned cytokines and IL-2 in

the subjects with the MetS. In agreement with our findings,

the correlation between elevated concentrations of IL-2

along with other pro-inflammatory cytokines and occurrence

of metabolic disorders such as diabetes mellitus has been

Table 5. Correlation matrix between growth factors, inflammatory and anti-inflammatory cytokines in the group with the metabolic syndrome (n 155)
using Spearman’s correlation analysis

IL-2 IL-4 IL-6 IL-8 IL-10 VEGF ING-g TNF-a IL-1a IL-1b MCP-1

IL-4
r 0·058
P 0·477

IL-6
r 20·039 20·139
P 0·627 0·085

IL-8
r 20·058 20·074 0·274*
P 0·474 0·361 0·001

IL-10
r 0·110 0·140 20·007 0·019
P 0·174 0·081 0·930 0·814

VEGF
r 0·049 20·508* 0·146 0·297* 20·075
P 0·543 ,0·001 0·070 ,0·001 0·352

IFN-g
r 20·023 0·295* 20·004 0·048 0·171* 20·147
P 0·780 ,0·001 0·964 0·552 0·033 0·068

TNF-a
r 0·110 20·074 0·069 0·241* 0·076 0·136 0·084
P 0·172 0·360 0·393 0·003 0·348 0·092 0·298

IL-1a
r 0·064 0·255* 20·025 0·079 0·113 20·151 0·155 0·117
P 0·432 0·001 0·753 0·329 0·161 0·061 0·054 0·149

IL-1b
r 0·220* 0·171* 0·078 0·056 0·044 20·174* 20·022 0·031 0·219*
P 0·006 0·034 0·336 0·487 0·589 0·031 0·789 0·704 0·006

MCP-1
r 0·152 20·490* 0·171* 0·268* 20·169* 0·438* 20·226* 0·262* 20·123 0·020
P 0·060 ,0·001 0·034 0·001 0·035 ,0·001 0·005 0·001 0·129 0·807

EGF
r 20·056 20·131 0·156 0·311* 0·023 0·418* 0·070 0·104 20·078 20·100 20·011
P 0·490 0·104 0·053 ,0·001 0·777 ,0·001 0·387 0·200 0·332 0·218 0·887

VEGF, vascular endothelial growth factor; IFN-g, interferon-g; MCP-1, monocyte chemo attractant protein; EGF, epidermal growth factor.
* Statistically significant (P,0·05).
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demonstrated in several studies(30). The potential protective

effects of some anti-inflammatory factors against metabolic

disturbances associated with adiposity, including glucose

intolerance(31). We found significantly higher levels of serum

anti-inflammatory cytokines, IL-4 and IL-10 in the individuals

with the MetS; the reason for this is uncertain, but may be a

compensatory response to the overall pro-inflammatory

state. Makki et al.(32) have recently described that the

activation of EGF receptor is implicated in blood pressure

regulation, endothelial dysfunction, atherogenesis and cardiac

remodelling, and increased circulating EGF-like ligands might

mediate vascular disease associated with chronic inflam-

mation. We found higher concentrations of serum EGF and

lower concentration of VEGF in the group of individuals

with the MetS than in the control subjects. We also found a

correlation between VEGF with TNF-a in the control group.

This is in accord with the work reported by Azimi-Nezhad

et al.(33), who found that VEGF expression is modulated by

TNF-a in peripheral blood mononuclear cells, which might

be a plausible connection between VEGF and inflammatory

markers; however, further studies are needed to explore

their cross talk.

There is a growing body of evidence showing a relationship

between chronic inflammation and the disruption of cellular

metabolism(34,35). Zhang and collaborators(36) showed that

mast cells contributed to the pathogenesis of type 2 diabetes

by generating of IFN-g. IFN-g desensitises adipocyte to insulin

and inhibits the maturation of pre-adipocyte in a Janus

kinase 1/signal transducer and activator of transcription 1

(JAK1/STAT1) dependent manner. Moreover, IFN-g disrupts

energy expenditure and metabolic homeostasis(37). In the pre-

sent study, we observed that serum concentration of IFN-g

significantly increased from 0·57 pg/ml (interquartile range

0·54–0·57) to 1·58 pg/ml (interquartile range 0·71–1·58),

P,0·05 and was associated with higher OR (3·87) in the

MetS group, compared to other markers, as determined by

univariate and multivariate analysis. Additional cluster analysis

using regression coefficient of each of the cytokines/growth

factor in multivariate model multiple-by variation range of

each marker suggested IFN-g as the most related factor, with

the MetS among the top thirteen markers. Similar results

were observed for IL-1a as the most related factor with the

MetS after IFN-g, showing that patients with the MetS had an

OR of 2·28 (P¼0·049) after adjustment for age, sex, smoking

and dietary intake. In line with our observation, Um et al.(38)

have proposed that IL-1a, a pro-inflammatory cytokine secreted

from adipose tissue, contributes to the morbidity associated

with obesity and CVD(39,40). In addition, network analysis

illustrated potential interaction of cytokines and growth factors

in MetS patients, suggesting the activation of IL-6/8 and TNF

via induction of IL-1. In turn, IFN-g induces nuclear trans-

location of NF-kB(41), which is the major transcription factor

mediating the transcriptional activation of TNF-a and

inflammatory genes in cellular response to the environmental

factors(42). TNF is shown to activate the mammalian target

of rapamycin signalling pathway, which is associated with

insulin resistance and diabetic complications(43).

A strength of the present study is that it was conducted in a

well-characterised cohort of individuals, with or without the

MetS, in whom a simultaneous profile of several potentially

important cytokines was assessed. The main limitations were

the cross-sectional study design and modest sample size. It

has been shown that certain dietary components, found in

fruits, berries, vegetables, nuts, whole grains, and foods of

marine origin, might play a crucial role in reducing and miti-

gating chronic pro-inflammatory processes associated with

chronic diseases. In the present study, we adjusted the effects

of macronutrient intake(44), which were significantly different

Table 6. Association between cytokine and growth factor concentrations and the metabolic
syndrome†

(Odds ratios and 95 % confidence intervals)

Univariate Multivariate

OR 95 % CI P OR* 95 % CI P*

IL-2 1·86 1·34, 2·59 ,0·001 1·77 1·15, 2·55 0·031
IL-4 1·99 1·38, 2·87 ,0·001 2·05 1·10, 2·69 0·020
IL-6 1·34 1·12, 1·60 0·001 1·47 1·12, 1·68 0·002
IL-8 1·13 1·07, 1·19 ,0·001 1·13 1·06, 1·18 ,0·001
IL-10 1·17 0·98, 1·40 0·078
VEGF 0·995 0·993, 0·998 0·001 0·99 0·991, 1·008 0·064
IFN-g 4·34 2·04, 7·84 ,0·001 3·87 1·81, 6·54 ,0·001
TNF-a 1·55 1·20, 1·98 0·001 1·45 1·07, 1·99 0·039
IL-1a 3·23 1·94, 5·89 ,0·001 2·28 0·79, 4·92 0·049
IL-1b 2·34 1·15, 3·67 ,0·001 2·01 1·04, 3·45 0·021
MCP-1 1·02 1·01, 1·03 ,0·001 1·012 1·007, 1·018 0·009
EGF 1·01 1·00, 1·02 ,0·001 1·007 1·002, 1·011 ,0·001
hs-CRP 1·39 1·07, 1·77 ,0·001 1·14 1·02, 1·27 0·046

VEGF, vascular endothelial growth factor; IFN-g, interferon-g, MCP-1, monocyte chemoattractant protein;
EGF, epidermal growth factor; hs-CRP, high-sensitivity C-reactive protein.

* In present of age, sex, smoking and dietary intake (including energy intake, protein, adjusted carbo-
hydrate, adjusted total fat SFA, adjusted MUFA and adjusted PUFA, which were significantly different
between groups). Multivariate analysis was done when P value of univariate was ,0·05.

† Association of inflammatory markers level with the metabolic syndrome in calculated by binary logistic
regression model.
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between the groups in multivariate analysis to explore the

association of cytokines and growth factor with the MetS

(Table 6). It is possible that other lifestyle characteristics

such as micronutrients may have an important influence on

the cytokine profile. In particular, it has been suggested that

culinary herbs and spices have anti-inflammatory activities

and the extent to which they activate PPARa and PPARg

inhibit the activation of NF-kB and enhance expression of

anti-inflammatory cytokines(45), which might explain at least

in part the inverse effect of some anti-inflammatory cytokines

in our population. The impact of treatment with anti-

inflammatory agents on the biochemical and clinical outcomes

of individuals with the MetS would clearly be important to

explore, as would the value of cytokine profiles in predicting

MetS patients. Moreover, in the present study we did not

evaluate the relation between complement component 3

(C3) and the MetS, supporting further investigation on the

role of this factor in the MetS.

In conclusion, we have shown that individuals with the MetS

have altered levels of circulating pro- and anti-inflammatory

cytokines and growth factors that may be implicated in clinical

outcomes. Further multi-centre and prospective trials are

required to unravel the role and association of emerging infla-

mmatory markers with the MetS and cardiovascular outcomes.
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