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ABSTRACT: Background: Metabolic syndrome (MetS) is a cluster of 

diseases, including hypertension, obesity, dyslipidemia, and hyperglycemia. 

We therefore aimed to estimate MetS prevalence and to determine risk 

factors for MetS. Methods: In the present study, we recruited 209 adult 

Tunisian MetS patients (57 males and 152 females, mean age 58.9±10.7 

years) matched by gender and ethnic origin to 193 healthy individuals 

(31males and 162 females, mean age 50.3±10.6 years). All subjects 

underwent anthropometric and biochemical examinations. Results: 

Interestingly, the prevalence of MetS was 21.89% in males and 78.1% in 

females. Notable increase in the dyslipidemia (64.1%), hypertension (77%), 

and obesity (83.73%) in patients with MetS were seen. In addition, insulin 

resistance, hyperglycemia, abnormal lipid profiles, increased free fatty acids, 

and lower serum adiponectin concentrations were all associated with MetS. 

Conclusion: We suggest that the MetS is highly prevalent among patients 

group than healthy subjects. Modification of lifestyle factors, even later in 

life, has considerable potential for primary prevention of the MetS. 

INTRODUCTION: Metabolic syndrome (MetS) 

is a collection of cardiometabolic risk factors that 

includes obesity, insulin resistance, hypertension, 

and dyslipidemia 
1, 2

. It has been proposed that this 

syndrome is closely associated with lifestyle 
3
 and 

is a powerful determinant of diabetes and 

cardiovascular diseases (CVD).
 

It has been 

established that those with MetS have a five times 

higher risk of developing T2DM and three times 

higher risk of developing CVD 
4
.
 

Due to the 

collection of different components, several 

organizations have established different diagnostic 

criteria for MetS. 
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In addition, a great deal of attention has been 

focused on MetS in the adult population. On the 

basis of the most recent epidemiological analysis 

using the American Heart Association/National 

Heart, Lung, and Blood Institute 2005 guidelines 
5
, 

similar to those of National Cholesterol Education 

Program/Adult Treatment Panel III 
6
, 

approximately 1 adult in every 4 or 5 could be 

characterized as having the MetS.  

This incidence increases with age; it has been 

estimated that in people over 50 years of age. A 

higher percentage (40.1%) of prevalence occurred 

with revised International Diabetes Federation 

2005 criteria, which use a lower cutoff point for 

waist (≥94 cm in men and ≥80 cm in women). 

These elevated rates indicate the existence of a 

problem that merits investigation, since it is known 

that in the majority of cases MetS can be avoided 

by identification of risk factors and initiation of 

preventative measures. 
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Furtheremore, MetS is a complex phenotype that 

correlates with many clinical conditions besides 

CVD and diabetes, including chronic low-grade 

inflammation, oxidative stress 
7
, hyperuricemia 

8
, 

hypertension 
9
, dyslipidemia 

9
, hyperandrogenism 

10
, hepatic steatosis 

11
, nonalcoholic fatty liver 

disease (NAFLD) 
12

, impaired glucose tolerance 
13

, 

hypogonadism 
14

, and vascular dementia 
15

.  

Therefore, we conducted a  case control to examine 

whether the individual components of MetS and to 

identify the correlation of the different risk factors 

for development of the MetS with cardio-metabolic 

parameters and insulin resistance, and its 

identification may thus is important in the risk 

assessment and treatment of the patients. 

MATERIAL AND METHODS: 
Subjects: This is a prospective study, in which 

sampling was carried between January and 

September 2014. All participants gave written 

informed consent and the Hospital’s Ethics 

Committee approved the study protocol. 

The study is based on two types of populations 

recruited from intermediate group of basic health 

Sousse Tunisia: a control population and 

population with MetS. The healthy subjects, 

recruited to attend for a routine check-up (in the 

same time of patients recruitment), included 31 

male and 162 females, with a mean age of 58±12.5 

years and 48.82±9.66 years, respectively. Those 

with medical illnesses such as acute infection, 

chronic renal failure, malignancies, and other 

severe medical illnesses were excluded from the 

enrollment. Alcohol intake, smoking habits, 

medication history, and medical history, at the time 

of coronary angiograms, were obtained by the chart 

review and from the self-questionnaire. 

The patients included 57 males and 152 females, 

with a mean age of 60.11±10.71 years and 

58.48±10.83 years, respectively.  

MetS and metabolic risks are defined according to 

the US National Cholesterol Education Program 

Adult Treatment Panel III (NCEP ATPIII) 

guidelines. MetS was defined as having at least 

three of the following metabolic risk factors: 

 Central obesity (waist circumference (WC) > 

88 cm in women, > 102 cm in men ); 

 Hypertriglyceridemia (fasting triglycerides ≥ 

1,7 mmol/l (1,50 g/l)); 

 Low high-density lipoprotein (HDL) 

cholesterol (fasting HDL <1.29 mmol/l (0,50 

g/l) in women, < 1,03 mmol/l (0,40 g/l)); 

 Glucose intolerance (fasting glucose ≥.6,1 

mmol/l (1,10 g/l)); 

 Hypertension (sitting blood pressure ≥130/85 

mmHg obtained as a mean of two readings 

taken after resting for at least 10 min or on 

regular antihypertensive medications). 

Measurements: Height, weight, systolic, and 

diastolic blood pressures were measured in 

duplicate and the results were averaged. Weight 

height and waist circumference were measured. 

The body mass index (BMI) was calculated by 

dividing the weight (kg) with the square of height 

(m).  

All blood samples were obtained after overnight 

fasting. Fasting blood glucose, urea and creatinine 

were measured from fluoride plasma. Total 

cholesterol, triglyceride, high-density lipoprotein 

cholesterol (HDL-C), uric acid, aspartate 

aminotransferase (AST), alanine aminotransferase 

(ALT), ɤ-glutamyltransferase (ɤGT) and free fatty 

acids (FFA) were measured. Low-density 

lipoprotein cholesterol (LDL-C) was calculated 

using the Friedewald equation: [LDL-C (mmol/l) = 

CT – (TG / 2.2 + HDL-C)]. Serum insulin was 

determined with a microparticle enzyme 

immunoassay. The insulin resistance index 

estimated by the homeostasis model assessment 

method (Homeostasis Model Assessment – Insulin 

Resistance (HOMA-IR)) was calculated as follows: 

[fasting serum insulin (µU /ml) x fasting plasma 

glucose (mmol/l)/22.5]. 

Those patients were well controlled in terms of 

glycosylated hemoglobin (HbA1c) determined by a 

latex agglutination immunoassay type TINIA 

(turbidimetric inhibition immunoassay) by 

automate (Randox, Antrim, UK). High-sensitivity 

C-reactive protein (Hs-CPR),apolipoprotein A 

(Apo A), apolipoprotein B (Apo B),  lipoprotein (a) 

(Lp (a)) and cystatin C were measured from the 

samples by immunoturbometrique COBAS. 

Homocysteine was measured from samples by 

AXSYM ABBOTT.  
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Serum adiponectin levels were determined using a 

commercially available enzyme-linked 

immunosorbent assay (ELISA) kit (Biosource-

Invitrogen Corporation, Carlsbad, CA). 

Statistical Analysis: Database management and 

statistical analyses were carried out using SPSS 

(Statistical Package for the Sociological Sciences), 

version 18.0. Results are presented as means ± SD, 

or percentages. Means were compared using 

Student test. The relations between variables were 

assessed with Pearson’s correlation analysis. The 

significance threshold was set at 5% (p<0.05). 

RESULTS: The study shows that the prevalence of 

MetS according to NCEP-ATP III definition was 

21.89% in males and 78.1% in females. Of all 

patients, 73.20% were obese, and obesity was more 

frequent among females (P < 0.05). Mean body 

mass index was 30.85±5.01. Out of 88 males and 

314 females, hypertension was observed as 22.48% 

and 54.52%, respectively, in the metabolic 

syndrome population, which was found to be 

statistically significant (p < 0.05). The percentage 

of high triglyceride and low HDL-C levels in the 

total MetS population was 40.66% and 70.33% 

respectively; in males this was 11.96% and 

15.79%, and 28.70% and 54.54%in females, 

respectively. Fasting glucose was observed as 

18.18% and 55.02% in males and females, 

respectively (P < 0.05).  The frequencies of MetS 

risk factors diagnosed by NCEP-ATPIII are given 

in Table 1. 

TABLE 1:  FREQUENCY OF GLUCOSE INTOLERANCE, HIGH WAIST CIRCUMFERENCE, HIGH BLOOD 

PRESSURE, ELEVATED TG, AND LOW HDL-C IN MetS PATIENTS DIAGNOSED BY NCEP ATPIII CRITERIA. 

 Glucose intolerance Obesity Hypertension HyperTG Low HDL-C 

MALE 38(18.18%) 27(12.92%) 47(22.48%) 25(11.96%) 33(15.79%) 

FEMALE 115(55.02%) 148(70.81%) 114(54.52%) 60(28.70%) 114(54.54%) 

TOTAL 153(73.20%) 175 (83.73%) 161 (77%) 85(40.66%) 147(70.33%) 

TG: triglycerides; HDL-C: high-density 

Table 2 shows the clinical and metabolic 

characteristics of subjects with and without MetS 

according to ATPIII diagnostic criteria. Of the 402 

subjects, 209 were diagnosed as having metabolic 

syndrome. These patients had significantly higher 

levels of waist circumference, BMI and  

hypertension which were found to be statistically 

significant (p < 0.05). Table 2 puts in consideration 

the percentage of Alcohol intake, smoking habits, 

medication history, medical history, diet and 

sedentarity, of the study population,  for their role 

that affect the management of MS. 

TABLE 2: CLINICAL CHARACTERISTIC OF SUBJECTS WITH METABOLIC SYNDROME COMPARED TO 

SUBJECTS WITHOUT METABOLIC SYNDROME 

Risk factors 
MetS group  

(n= 209) 

Control group  

(n= 193) 
P 

Number of subjects 209 193 - 

Age (years) 58.9±10.7 50.3±10.6 0.026 

Male /female 57/152 31/162 0.006 

Waist circumference (cm) Male  

Female 

102.54±11.34 

102.06±9,12 

93.23±10.60 

93.90±12.01 

0.067 

0.046 

BMI (Kg/m
2
) 30.85±5.01 26.93±4.68 0.014 

Hypertension (%) 77 0 0.003 

Smoking (%) 8.1 0 ˂10 
-3

 

Alcohol (%) 5 0 NS 

Treatement (%) 47.8 0 0.002 

Diet (%) 37.8 0 0.047 

Physical inactivity (%) 31.1 0 0.058 

Antecedents (%) 52.2 28.1 ˂10 
-3

 

 

Table 3 shows the clinical profile between the 

patients with and without MetS. Of the 209 

patients, 57 male and 152 female were diagnosed 

as having metabolic syndrome. These patients had 

significantly higher levels of fasting glucose, 

HbA1c, HOMA-IR, fasting insulin, triglycerides, 
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total cholesterol, LDL-C, Apo B, Lp (a), urea, uric 

acid, cystatin C, GGT, ASAT, ALAT, 

homocycteine, CRPus, and free fatty acids, but 

significantly lower concentrations of adiponectin, 

HDL-C and Apo A1, as compared with those 

without MetS. No significant difference was 

observed in creatinine between the 2 groups.  

 

TABLE 3: BIOLOGICAL CHARACTERISTICS OF SUBJECTS WITH METABOLIC SYNDROME INCLUDED IN 

THE STUDY 

Parameters 
MetS group 

(n= 209) 

Control group 

(n= 193) 
P 

Fasting glucose (mmol/l) 8.52 ± 3.94 5.18 ± 0.65 ˂10 
-3

 

HbA1C (%) 7.94 ± 2.25 6.29 ± 0.97 0.047 

Fasting insulin (uU/ml) 13.61±5.74 8.26±2.67 0.002 

HOMA-IR 5.22±3.72 1.90±0.67 ˂10 
-3

 

Total cholesterol (mmol/l) 5.43±1.61 4.70±1.07 ˂10 
-3

 

HDL-C (mmol/l) 1.16±0.36 1.36±0.35 ˂10 
-3

 

LDL-C (mmol/l) 3.50±1.35 2.87±0.89 ˂10 
-3

 

Triglycerides (mmol/l) 1.68±0.92 1.008±0.37 10 
-3

 

Apo A1 (g/l) 1.30±0.37 1.69±0.29 ˂10 
-3

 

Apo B (g/l) 1.09±0.26 0.90±0.23 ˂10 
-3

 

Lp (a) (g/l) 0.39±0.34 0.21±0.14 ˂10 
-3

 

urea (mmol/l) 5.83±2.52 4.94±1.83 ˂10 
-3

 

creatinine (µmol/l) 74.63±42.12 69.60 ±23.86 NS 

uric acid (µmol/l) 235±95.23 201.63±69.71 ˂10 
-3

 

Cystatin C (mg/l) 1.13±0.38 0.77±0.16 0.006 

GGT (IU/L) 18.97±9.20 16.50±5.70 0.01 

ASAT (IU/L) 20.99±7.83 19.56 ±7.009 0,054 

ALAT (IU/L) 20.15±9.44 17.92±7.83 0.01 

Adiponectin (mg/l) 12.21±7.58 19.93±7.95 0.042 

Homocycteine (µmol/l) 13.70±5.76 9.92±3.49 ˂10 
-3

 

CRPus (mg/l) 5.34±5,61 1.97±1,17 ˂10 
-3

 

Free fatty acids ( µmol/l) 0.92±0.24 0.34±0.15 ˂10 
-3

 

Abbreviations: glycosylated hemoglobin (HbA1c), Homeostasis Model Assessment – Insulin Resistance (HOMA-IR), High 

density lipoprotein cholesterol (HDL-C), Low density lipoprotein cholesterol (LDL-C), apolipoprotein A1 (apoA1),  

apolipoprotein B (apoB),  lipoprotein (a) (Lp (a)), aspartate aminotransferase (AST), alanine aminotransferase (ALT), ɤ-

glutamyltransferase (ɤGT) highsensitivity C-reactive protein (hs-CRP). 

Levels of FFA, after adjustment for age, gender, 

and BMI, were positively correlated with TG, FBS, 

hs-CRP and HOMA-IR, but inversely correlated 

with HDL-C and its main component apoA1.  

Serum adiponectin concentrations, after adjustment 

for above parameters, were positively correlated 

with HDL-C and ApoA1 but inversely correlated 

with TG, FBS, hs-CRP and HOMA-IR (Table4). 

 
TABLE 4:  CORRELATION OF SERUM ADIPONECTIN AND FREE FATTY ACIDS CONCENTRATIONS WITH CARDIO-

METABOLIC PARAMETERS AND INSULIN RESISTANCE MEASURED USING THE HOMEOSTASIS MODEL ASSESSMENT 

OF INSULIN RESISTANCE (HOMA-IR). 

 TG HDL-C ApoA1 FBS hs-CRP HOMA-IR 

FFA 0.178 -0.168 -0.126 0.115 0.135 0.166 

Adiponectin -0.167 0.127 0.092 -0.119 -0.109 -0.154 

TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; apoA1: apolipoprotein A1; FBS: fasting glucose; hs-CRP: 

highsensitivity C-reactive protein; HOMA-IR: Homeostasis Model Assessment – Insulin Resistance; FFA:  

 

DISCUSSION: From this study we have found 

that the prevalence of MetS in the studied 

population was 52% based on NCEP-ATPIII 

criteria. Kaur et al 
16

 reported that the worldwide 

prevalence of MetS to be between 10 and 84% 

depending on the ethnicity, age, gender and race of 

the population, whereas the IDF estimates that one-

quarter of the world’s population has MetS. 

According to Pal and Ellis 
17

 20% of adults in the 

Western world have MetS. 
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Some studies show that MetS is more prevalent 

among females than males1
18-22

 and another studies 

show that the prevalence of MetS is less prevalent 

among males than females 
23

, but other studies 

show that the prevalence of MetS was similar 

among males and females 
24-26

. In this study the 

MetS is more prevalent among females than males 

(21.89% in males and 78.1% in females).  

In the United States, the prevalence of MetS was 

21.8% using the ATPIII definition 
25

. The 

prevalence was similar for male (24.0%) and 

female (23.4%) subjects. The prevalence in Isfahan 

(Iran) was 65.0% with higher rate in females than 

males (71.7% female and 55.8% male) 
27

. The 

prevalence in Karachi (Pakistan) was 79.7% in type 

2 diabetics (45.5% females and 34.3% males) 
28

. 

The overall prevalence of MetS in Japanese type 2 

diabetic patients was 168 (26.37%) out of 637 type 

2 diabetic patients. The prevalence was higher in 

males (45.9%) than females (28.0%) 
29

. Another 

study done in Korean estimates the overall 

prevalence was 32.6%. The prevalence was found 

to be 46.9% and 65.1% among males and females 

respectively 
30

. The overall prevalence among 

Saudis with type 2 diabetes was 22.64% (19.49% 

male, 25.17% female) 
31

.  

The study done in the Gorgan, Golestan province 

(South East of Caspian Sea), Iran was the higher 

prevalence of MetS among females (84.70% and 

88.23%) when compared with males (62.60% and 

60.97%), and that the prevalence of MetS in 

Gorgan is appreciably higher compared with that in 

some other countries. Females were more affected 

than males 
32

. This may be due to the specific 

characteristics in the lifestyle changes between 

females and males. The majority of females with 

MetS were householder. It seems that they do less 

physical activity at home 
33

. 

Additionnnally, we reported hypertension were 

significantly prevalent (p < 0.005) in 22.48% of 

males and in 54.52% of females. In this study, 58% 

of the participants had high Waist circumference. 

Our results show, that on moving from baseline to 

higher levels in hypertension, triglyceride, and 

HDL-C, the crude relative prevalence in each 

parameter has increased significantly. The present 

study corroborates with the observations of 

previous studies 
30-33

. Over half of the participants 

had hypertension and dyslipidemia, which is in 

accordance with the previously reported studies 
26

. 

We found an overall prevalence of hyperglycemia 

in the studied population as 73.20%. 

Moreover, obesity is an important, easily observed, 

and measurable risk factor for the MetS 
34

. BMI 

and weight gain remained strong significant 

predictors of this syndrome. It is not surprising 

given evidence from longitudinal observational 

studies that higher BMI and weight gain over time 

are associated with poorer blood pressure, higher 

fasting glucose, and dyslipidemia—the remaining 

components of the syndrome 
34

. A multiethnic 

representative US sample of 12,363 men and 

women 20 years and older from the third National 

Health and Nutrition Examination Survey 

(NHANES) were evaluated for MetS as defined by 

the ATP III diagnostic criteria and the disorder was 

found to be present in 22.8% and 22.6% of the men 

and women, respectively. MetS was present in 

4.6%, 22.4%, and 59.6% of normal-weight, 

overweight, and obese men, respectively, and 

physical inactivity was associated with an increased 

risk of developing the syndrome 
35

. In obese 

individuals, the prevalence of MetS is about 40% 
36

. In our study, of all patients 73.20% were obese, 

and obesity was more frequent among females 

(12.92% male and 70.81% female). Insulin 

resistance and obesity play a central role in causing 

hypertension and dyslipidemia, and further 

predisposes to MetS 
37, 38

. 

Individual components of MetS such as HDL-C, 

systolic hypertension, and other known traditional 

risk factors (sex, total cholesterol) were significant 

predictors of future coronary heart disease (CHD) 

events. Klein et al.
39

 reported that high-risk lipid 

levels (either high serum total cholesterol or low 

HDL-C, or high ratio of these two levels) occurred 

most commonly in the combinations of MetS 

components that were associated with increased 

CVD risk 
40

. Elevated triglyceride levels may be 

secondary to hyperglycemia 
41

. 

In our study, FFA and adiponectin were correlated 

with cardio-metabolic parameters. We found a 

positive correlation between FFAs and insulin 

resistance, as determined by HOMAIR. Insulin 

resistance and FFAs may have a cause and effect 

relationship 
42

. 
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Interestingly, in our study, adiponectin was 

inversely correlated with FBS, hs-CRP and 

HOMA-IR. In humans, decreased plasma 

adiponectin levels have been demonstrated in 

patients with obesity, diabetes, and CHD 
43-45

. 

Moreover, the degree of hypoadiponectinemia has 

been reported to be correlated with the degree of 

insulin resistance 
46, 47

, and hypoadiponectinemia 

has been shown to be closely associated with the 

clinical phenotype of metabolic syndrome 
48, 49

. 

Adiponectin served as an antiinflammatory 

molecule for vascular walls as well as adipose 

tissue 
50

, hypoadiponectinemia was observed in 

obesity-linked diseases 
43, 51

. Therefore, 

hypoadiponectinemia can be responsible for a low-

grade systemic chronic inflammation state, which 

is closely related to an increased hs-CRP level. 

Adiponectin level may be a convenient and 

sensitive biomarker for the prediction of insulin 

resistance and MetS 
52,

 
53

. The MetS is reported to 

be one of the conditions associated with insulin 

resistance and/or atherosclerosis in humans 
51, 54

. 

CONCLUSION: In conclusion, the prediction of 

cardiovascular risk factors called the MetS, based 

on the NCEP ATPIII definition, defined by the 

presence of a cluster of metabolic abnormalities, 

including impaired glucose metabolism, high BMI 

and abdominal fat distribution, dyslipidemia, 

hypertension, and insulin resistance.  The presence 

of the metabolic syndrome was associated with an 

increased risk for cardiovascular morbidity and 

mortality 
55

 and its identification may thus be 

important in the risk assessment and treatment of 

the patients with MetS in Tunisian population and 

will be pivotal in the prevention of CVD and type 2 

diabetes. 
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