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ABSTRACT

Background: Metabolic syndrome (MetS) is considered to be a cluster of 
metabolic risk factors. The purpose of the current study was to determine 
the prevalence of MetS using 4 different definitions, including the modified 
Adult Treatment Panel III (ATP-III) for Asians, the American Association 
of Clinical Endocrinologists (AACE), the International Diabetes 
Federation (IDF), and Harmonized criteria, its 5 interrelated components, 
and their association with socio-demographic and anthropometric factors 
among Khalili Hospital’s personnel, Shiraz, Iran. 
Methods: Eighty six females and 73 males from Khalili Hospital staff 
with the mean age of 37.5±8.5 years and 39.2±8.2 years, respectively were 
recruited and completed the course of the study. Socio-demographic, 
anthropometric, and biochemical parameters were collected. Data were 
analyzed using SPSS version 19. 
Results: The prevalence of MetS in the study population was 27.7%, 
7.5%, 24.5%, and 27.7% based on modified ATP III for Asians, AACE, 
IDF, and Harmonized definitions, respectively. The mean value of body 
mass index (BMI) and waist to hip ratio (W/H) was 25.3±4.0 kg/m2 and 
0.9±0.1, respectively. The prevalence of MetS was only significantly 
higher in males than in females according to IDF criteria (30.1% vs. 
19.8%; p=0.027). Neither educational status nor familial history of 
chronic diseases had a significant association with the prevalence of 
MetS (p>0.05).
Conclusion: Applying definitions with ethnicity-specific abdominal 
obesity cut-points seems to be better for diagnosis of the syndrome.
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Introduction
Metabolic syndrome (MetS) is characterized 
by a cluster of metabolic conditions including 
central obesity, glucose intolerance (impaired 
fasting glucose (IFG), impaired glucose tolerance 
(IGT), type 2 diabetes), dyslipidemia (low HDL 
cholesterol (HDL-C), high triglyceride levels), and 
hypertension  which increases the long term risk of 
cardiovascular disease (CVD), as the major clinical 
outcome (1), diabetes mellitus (DM) and all-cause 
mortality (2, 3). Although the pathogenesis of the 
syndrome remains to be further elucidated, central 
obesity and insulin resistance is believed to be the 
prominent risk factor of MetS (4-6).

Since 1998, several definitions have been 
proposed for MetS, the most commonly used of 
which are the World Health Organization (WHO, 
1998), the Adult Treatment Panel III (ATP-III) 
by the National Cholesterol Education Program 
(NCEP/ATP III, 2001), the American Association 
of Clinical Endocrinologists (AACE, 2003), and the 
International Diabetes Federation (IDF, 2005) criteria 
(7, 8). In an effort to harmonize MetS, a scientific 
statement was provided 4 years later, in 2009, by a 
collaboration team composed of the International 
Diabetes Federation Task Force on Epidemiology 
and Prevention, National Heart, Lung, and Blood 
Institute, American Heart Association, World Heart 
Federation, International Atherosclerosis Society, 
and International Association for the Study of 
Obesity (Harmonized, 2009) (9).

The syndrome seems to deserve further clinical 
attention since the existing data suggest that the 
prevalence of MetS is increasing dramatically in 
developed and developing countries, not only in 
adult population, but also among youth and children 
(10-12). Based on the IDF criteria, one in four adults 
globally suffers from MetS (13). Besides, nearly 
one-quarter of western population was reported to 
have MetS (14). Tehran Lipid and Glucose Study 
(TLGS) assessing the data collected between 1999 
and 2001, showed an estimated prevalence of 30% in 
adult population according to NCEP/ATP III criteria 
(15), which is significantly higher than the estimated 
value reported in most developed countries (16). The 
prevalence of MetS among urban adults of the west of 
Iran was also reported to be 23.7% based on the same 
criteria as applied for TLGS (17). As it is evident, the 
prevalence of the syndrome varies  markedly from 
one study to another due to the different criteria 
employed (17).

For reducing the risk of MetS and its components, 
an update on the prevalence of its individual risk 
factors as well as the prevalence of the syndrome 
itself seems to be crucial in different populations. The 

purpose of the present study was to determine the 
prevalence of MetS by 4 different definitions including 
modified ATP III for Asian, AACE, IDF and also 
Harmonized definitions and its association with socio-
demographic and anthropometric factors in Khalili 
hospital staff, Shiraz, Iran from 2015 to 2016.

Materials and Methods
A total of 159 (64%) healthy personnel, working 
in Khalili Hospital setting, a teaching hospital 
affiliated to Shiraz University of Medical Sciences, 
Shiraz, Iran participated in the study. All the 
subjects provided a written informed consent 
following a comprehensive description of the study 
procedures. No particular inclusion or exclusion 
criteria were considered. The study protocol was 
approved by Ethics Committee of Shiraz University 
of Medical Sciences.

Following the completion of socio-demographic 
details, including age, sex, marital status, education 
and familial history of CVD, DM and hypertension 
(HTN), weight, height, and waist- and hip 
circumferences (WC; HC) of the subjects were 
measured based on standard protocol at the time 
they were enrolled in the study (to the nearest of 0.1 
kg and 0.5 cm). Both WC and HC were measured 
using a flexible non-elastic tape above the iliac crest 
and at the maximal width buttocks, respectively. 
Two measurements were recorded for each of 
waist and hip circumference parameters. In the 
case of observing variation >2 cm in the recorded 
measurement, a third measurement was made. Body 
mass index (BMI), defined as weight (kg) divided by 
squared height (m2), was then calculated from these 
measures. Weight-to-height (kg divided by cm) and 
waist-to-hip (WHR) ratios were also calculated by 
the means of parameters. 

WC was categorized based on accepted 
WHO Asian WC cut-offs; 90 and 80 cm for men 
and women, respectively (18). Besides, BMI 
was classified according to WHO Asian BMI 
classification as follows: underweight <18.5 kg/m2, 
normal weight 18.5-22.9 kg/m2, overweight (pre-
obese) 23-27.4 kg/m2 or obese ≥27.5 kg/m2 (19). In 
order to determine several blood parameters related 
to the prevalence of MetS, venous blood samples 
were drawn after an overnight fasting. Serum fasting 
blood glucose (FBG, mg/dL), triglyceride (TG; mg/
dL), total and HDL cholesterol (TC; HDL-C; mg/
dL) were calorimetrically measured by Biosystem 
A-25 auto-analyzer and relevant commercial kits 
(Pars Azmoon, Tehran, Iran). The other biochemical 
parameter estimated was LDL-cholesterol (LDL-C; 
mg/dL), using Friedewald calculation as follows:

LDL cholesterol (mg/dL)=total cholesterol (mg/
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dL)–[HDL cholesterol (mg/dL)+triglycerides (mg/
dL)/5] in the case the fasting TG was measured to be 
<400 mg/dL. Besides, other relevant cardiovascular 
risk factors including LDL-C to HDL-C, and 
TC to HDL-C ratios were also calculated. Cuff 
arterial pressure was measured via a mercury 
sphygmomanometer in the right arm. The subjects 
were asked to have an at least a 5-minute rest in a 
seated position before BP measurement. Systolic 
and diastolic pressures were recorded to the nearest 
5 mmHg. 

Data was analyzed using IBM SPSS statistical 
software (version 21.0, IBM Corp., Armonk, NY, 
USA). Continuous and categorical variables were 
presented as mean±standard deviation (SD) and 
number (together with percentage), respectively. 
Crosstabs Chi-Square as well as Fisher’s exact 
tests (with the two tailed p value) were used to 
determine the significance of the differences in 
MetS prevalence in the familial history of chronic 
disease level. Independent sample t test was also 
used to determine whether there was a significant 
difference in anthropometric measurements (weight, 
BMI, WC, HC, and WHR) between individuals with 
or without MetS.

Results
Out of 247 hospital staff enrolled, 159 (64%) 
completed the study. General characteristics of the 
study population were reported in Table 1. The mean 
age of the subjects was 38.3±8.4 years. Almost 54% 
of the participants were female. The majority were 
married (77.5%) and 46.5% were highly educated 
(with a BA/BSc or a higher degree). Familial 
history of CVD, DM, and HTN was recorded to be 

positive in 44%, 34%, and 48.4% of the subjects, 
respectively. The mean value of BMI in male and 
female subjects was higher than the WHO cut point 
for Asian population of 23 kg/m2 (25.75±4.3 and 
25.0±3.7, respectively). The percentage of females 
who had central obesity (WC≥80 cm) was almost 
the same as the ones without (WC<80) (42.9% 
vs 57.1%). The value for male participants was, 
however, about 2 times the percentage of those with 
WC<90 (67.8%vs 32.2%; p=0.03). 

As revealed in Table 2, the mean values of all 
biochemical constituents of MetS in the study 
population were within the relevant reference range. 
The mean values of LDL-C to HDL-C- and the total to 
HDL-C-ratios were found to be 2.3±0.8, and 4.3±1.4, 
respectively. Table 3 demonstrates the prevalence of 
MetS based on the 4 different definitions. As shown in 
the Table, both modified ATP III- and Harmonized-
criteria define the highest prevalence of MetS in the 
study population (27.7%), while AACE definition 
identified the lowest (vs. 7.5%). 

The prevalence of MetS was only significantly 
higher in males than females according to IDF 
definition (30.1% vs. 19.8%; p=0.027). No significant 
association was found between the prevalence of 
MetS (according to the 4 different definitions) and 
the familial history of chronic diseases, including 
CVD, DM, and HTN (p>0.05; data not shown). A 
significant association was observed between all 
anthropometric factors, (including weight, BMI, 
WC, HC, and WHR) and MetS prevalence defined 
by modified ATP III, IDF, and Harmonized criteria. 
In contrast to the above-mentioned criteria, AACE-
defined MetS indicated no significant association 
with the anthropometric indices. 

Table 1: General and anthropometric characteristics of hospital staff (N=159).
Parameter Mean±SD Range
Age (y) 38.3±8.4 22-59
Sex (F/M) 86/73 (54.1/45.9) a -
Weight (kg) 69.4±13.1 43-139
Height (cm) 165.4±8.8 142-184
BMI (kg/m2) 25.3±4.0 15.8-43.9
Underweight (<18.5) 4 (2.5)a -
Normal weight (18.5-22.9) 41 (25.8)a -
Overweight (23-27.4) 70 (44)a -
Obesity (≥27.5) 44 (27.7)a -
WC (cm) 88.3±12.7 60-140
<80 (for female)/90 (for male) 39/20 (24.5/12.6) a

≥80 (for female)/90 (for male) 47/53 (29.6/33.3) a

HC (cm) 100.6±8.0 80-135
WHR 0.9±0.1 0.7-1.0
Weight-to-height ratio 0.4±0.1 0.3-0.8
an (%). BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist to hip ratio.
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Discussion
MetS or insulin resistance syndrome is a 
combination of risk factors for various diseases 
such as CVD, DM, ovarian cysts, fatty liver, and 
various types of cancers (24). Investigating the 
prevalence of MetS and its individual components 
appears to be an effective clinical tool for earlier 
identification of those in high risk of developing 
CVD and type 2DM (25) in different populations.

The current study, conducted on a group of 
healthy staff working in Khalili Hospital of Shiraz 
University of Medical Sciences, Shiraz, Iran showed 
the prevalence of 27.7% (CI 95%: 21.7-33.7), 7.5% 
(CI 95%: 3.4-11.6), 24.5% (CI95%: 17.8-31.2), and 
27.7% (CI 95%: 21.7-33.7) based on the diagnostic 
criteria defined by the modified ATP III, AACE, 
IDF, and Harmonized definitions, respectively. The 
2013-2014 prevalence of MetS among the nurses of 
Shahid-Mohammadi hospital, Bandar Abbas, Iran 
was reported to be lower than the present results 
(11.7%, 19.8%, 16.2%, and 12.7% using NCEP/

ATP III, AHA/ NHLBI, IDF and Iranian criteria, 
respectively) (26). The discrepancy among the present 
ATP III-defined prevalence of MetS and those of the 
above-mentioned authors can be attributed to the WC 
criterion used, since definition of visceral obesity in 
2001 NCEP/ATP III criteria (WC≥102 for male and 
WC≥88 for females) was modified later, based on 
the 2000 WHO Asia Pacific Guidelines (WC≥90 for 
male and WC≥80 for females). 

In 2017, a systematic review and meta-analysis 
on the prevalence of MetS among Iranian population 
revealed the overall weighted prevalence of 31% (95% 
CI: 28-35). Moreover, according to ATP III criteria, 
the most popular diagnostic criteria (27), total and 
gender-stratified prevalence of MetS in females and 
males were 29% (95% CI: 22-36), 37% (95% CI: 
26-48) and 29% (95% CI: 23-36), respectively (28). 
Although it was anticipated that higher levels of 
knowledge and education of paramedical personnel 
about the risk factors of chronic diseases and their 
side effects would result in lower prevalence of the 

Table 2: Biochemical constituents of MetS and blood pressure in hospital staff (N=159).
Parameter Mean±SD Reference rangea N (%) Abnormal
FBS (mg/dL) 88.0±20.8 70-99 14 (8.8)
TG (mg/dL) 134.7±84.5 <150 53 (33.3)
TC (mg/dL) 170.4±35.7 <200 33 (20.8)
HDL-C(mg/dL) 46.1±11.1 - -
Female 49.7±10.5 >50 45 (52.3)
Male 41.8±10.4 >40 31 (42.5)
LDL-C (mg/dL) 97.0±28.8 <130 21 (13.2)
SBP (mmHg) 118.4±18.1 <120 76 (47.8)
DBP (mmHg) 76.4±12.3 <80 53 (33.3)
a(20). FBS: fasting blood sugar; TG: triglyceride; TC: total cholesterol; HDL-C: HDL cholesterol; LDL-C: LDL cholesterol; 
SBP: systolic blood pressure; DBP: systolic blood pressure.

Table 3: Definition of MetS risk factors based upon different definitions
Definition MetS risk factorsa,b N (%)
Harmonized, 2009a Any of the 3/5 following risk factors: Increased WC (dependent of ethnicity; 

WC≥90 (for male)/WC≥80 (for female)); TG≥150; HDL-C<40 (for male) or <50(for 
females) or HDL-C Rx; SBP≥130 or DBP≥85 or on HTN Rx; FPG≥100 (include 
DM cases)

44 (27.7)

IDF, 2005b Increased WC (dependent of ethnicity; WC≥90 (for male)/WC≥80 (for female)) plus 
≥2 risk factors: TG≥150; HDL-C<40 (for male)/<50(for females) or HDL-C Rx; 
SBP≥130 or DBP≥85 or on HTN Rx; FPG≥100 (include DM cases)

39 (24.5)

AACE, 2003b IGT or IFG (exclude DM cases) plus any of the following risk factors:BMI≥25; 
TG≥150; HDL-C<40 (for male) or <50(for females); BP≥130/85 

12 (7.5)

Modified ATP III 
for Asian,  2001c 

Any of the 3/5 following risk factors: WC≥90 (for male)/WC≥80 (for female); 
TG≥150; HDL-C<40 (for male) or <50(for females); SBP≥130 or DBP≥85 or on 
HTN Rx; FPG≥110 (include DM cases)

44 (27.7)

a(21), b(22), c(23), IDF: International Diabetes Foundation; ATP III: Adult Treatment Panel III (ATP III); AACE: 
the American Association of Clinical Endocrinologists; FPG: fasting plasma sugar; TG: triglyceride; HDL-C: HDL 
cholesterol; WC: waist circumference; BMI: body mass index; BP: blood pressure; SBP: systolic blood pressure; DBP: 
diastolic blood pressure; DM: diabetes mellitus; HTN: hypertension; OGTT: oral glucose tolerance test; Rx: medical 
prescriptions.
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syndrome, a similar value was observed in our study 
population (27.7% vs. 31%). Results from different 
Asian population-based studies, however, reported 
that the prevalence of MetS ranged from 10 to 35% 
(23,29-30).

Based on the diagnostic criteria, the highest 
prevalence of MetS among hospital staff was 
obtained via modified ATP III and Harmonized 
definitions. Following the modification of abdominal 
obesity indices of ATP III, variation of glycaemia 
index might be the only cause of probable minor 
difference of the definitions. The lowest prevalence 
was, however, obtained via the AACE criteria. 
This might be, at least partially, associated with the 
narrow spectrum for glycaemia, which included only 
pre-diabetic but not diabetic cases, while patients 
with DM are those with the majority of MetS risk 
factors. Furthermore, due to unspecified particular 
number of criteria for MetS diagnosis, the role of 
clinical judgments is highlighted (8).

Results of several studies have reported a 
higher prevalence of MetS based upon IDF criteria 
compared to others (7, 29, 31, 32). The reason for 
high prevalence of the MetS by the IDF criteria 
seemed to be due to lower WC cutoff points (31, 
33, 34). Moreover, unlike others, central obesity 
was considered as the major cause of MetS in IDF 
definition (35). This might be at least partially due to 
the key roles of metabolically-active visceral fat in 
inflammatory responses (36). The MetS prevalence 
was significantly higher in men than women 
according to IDF definition. A higher rate of the 
MetS in males might be ascribed to increasing of 
abdominal obesity due to a lower physical activity 
in this sex group. 

There are some limitations in the present study. 
There are a few more definitions of MetS including 
WHO and European Group for the Study of Insulin 
Resistance Definition (EGIR) definitions. It would 
be better to estimate the MetS prevalence with 
the mentioned definitions as well. The financial 
limitations of measuring urinary albumin excretion 
and plasma insulin level, however, prevented a more 
comprehensive result. Moreover, since there is no 
single universally accepted anatomic site for WC 
(37), the reported data might be influenced by the 
protocol applied for WC measurement.

It has been recently hypothesized that a low-grade 
chronic inflammation, through several inflammatory 
mediators, induces oxidative stress and insulin 
resistance, both in youths and adults with MetS (6, 
38, 39). It is, therefore, suggested that inflammatory 
markers such as C-reactive protein should be 
evaluated as well. Finally, applying definitions with 
ethnicity-specific abdominal obesity cut-points is 

suggested by the present study to be utilized for 
diagnosis of the syndrome.

Conclusion 
In general, since the ethnic-specific WC is the 
factor mostly considered in the definition, IDF, 
modified ATPIII, and Harmonized criteria can 
better diagnose the prevalence of MetS than others. 
Moreover, due to the direct association of MetS 
with different chronic diseases, awareness about the 
prevalence of the syndrome for applying preventive 
strategies in large scope is recommended.

Acknowledgment
This study was entirely financed by Nutrition 
Research Center, Shiraz University of Medical 
Sciences (project no.93-7383). The authors express 
their gratitude to Soheil Hassanipour and Morteza 
Zare for their statistical consultation.

Conflict of Interest
None declared.

References
1 Grundy SM, Brewer HB, Cleeman JI, 

et al. Definition of metabolic syndrome. 
Circulation. 2004;109:433-8. DOI:1161/01.
CIR.0000111245.75752.C6. PMID: 14744958.

2 Beltrán-Sánchez H, Harhay MO, Harhay MM, et 
al. Prevalence and trends of metabolic syndrome 
in the adult US population, 1999-2010. J Am 
Coll Cardiol. 2013;62:697-703. DOI:1016/j.
jacc.2013.05.064.PMID: 23810877;PMCID: 
PMC3756561.

3 German JB, Gibson RA, Krauss RM, et al. A 
reappraisal of the impact of dairy foods and milk 
fat on cardiovascular disease risk. Eur J Nutr. 
2009;48:191-203. DOI:1007/s00394-009-0002-5. 
PMID:19259609;PMCID:PMC2695872.

4 Beigh SH, Jain S. Prevalence of metabolic 
syndrome and gender differences. Bioinformation. 
2012;8:613-6. DOI:6026/97320630008613. 
PMID:22829741;PMCID:PMC3400989.

5 Simmons RK, Alberti K, Gale EAM, et al. The 
metabolic syndrome: useful concept or clinical 
tool? Report of a WHO Expert Consultation. 
Diabetologia. 2010;53:600-5. DOI:1007/s00125-
009-1620-4.PMID: 20012011.

6 de Carvalho Vidigal F, Bressan J, Babio N, et al. 
Prevalence of metabolic syndrome in Brazilian 
adults: a systematic review. BMC Public Health. 
2013;13:1198-208. DOI:1186/1471-2458-13-1198. 
PMID:24350922;PMCID:PMC3878341.

7 Ford ES. Prevalence of the metabolic syndrome 
defined by the International Diabetes Federation 



Prevalence of metabolic syndrome

Int J Nutr Sci December 2017;2(4)  201

among adults in the US. Diabetes Care. 
2005;28:2745-9. DOI:2337/diacare.28.11.2745.

8 Parikh RM, Mohan V. Changing definitions 
of metabolic syndrome. Indian J Endocrinol 
Metab. 2012;16:7-12. DOI:4103/2230-8210.91175.
PMID:22276247;PMCID:PMC3263200.

9 Mohamud WNW, Ismail Aa-S, Khir ASM, et 
al. Prevalence of metabolic syndrome and its 
risk factors in adult Malaysians: results of a 
nationwide survey. Diabetes Res Clin Pract. 
2012;96:91-7. DOI:1016/j.diabres.2011.11.020.

10 Mozumdar A, Liguori G. Persistent increase of 
prevalence of metabolic syndrome among US 
adults: NHANES III to NHANES 1999-2006. 
Diabetes Care. 2011;34:216-9. DOI:2337/dc10-
0879. PMID: 20889854;PMCID:PMC3005489.

11 Lim S, Shin H, Song JH, et al. Increasing 
prevalence of metabolic syndrome in Korea. 
Diabetes Care. 2011;34:1323-8. DOI:2337/dc10-
2109. PMID:21505206;PMCID:PMC3114326.

12 Fumeron F, Lamri A, Khalil CA, et al. Dairy 
consumption and the incidence of hyperglycemia 
and the metabolic syndrome. Diabetes Care. 
2011;34:813-7. DOI:2337/dc10-1772.

13 Alberti G, Zimmet P, Shaw J, Grundy SM. 
The IDF consensus worldwide definition of the 
metabolic syndrome. Brussels: International 
Diabetes Federation. 2006;23:469-80.

14 Keller KB, Lemberg L. Obesity and the metabolic 
syndrome. Am J Crit Care. 2003;12:167-70. 
PMID:12625176.

15 Azizi F, Salehi P, Etemadi A, et al. Prevalence 
of metabolic syndrome in an urban population: 
Tehran Lipid and Glucose Study. Diabetes Res 
Clin Pract. 2003;61:29-37. DOI:1016/s0168-
8227(03)00066-4.

16 Ford ES, Giles WH, Dietz WH. Prevalence of the 
metabolic syndrome among US adults: findings 
from the third National Health and Nutrition 
Examination Survey. JAMA. 2002;287:356-9. 
DOI:1001/jama.287.3.356. PMID: 11790215. 

17 Sharifi F, Mousavinasab SN, Saeini M, et al. 
Prevalence of metabolic syndrome in an adult 
urban population of the west of Iran. Exp Diabetes 
Res. 2009;2009:1-5. DOI:1155/2009/136501.

18 World Health Organization. Waist circumference 
and waist-hip ratio: Report of a WHO expert 
consultation, Geneva, 8-11 December 2008. 
Geneva: World Health Organization; 2011.

19 WHO Expert Consultation. Appropriate body-
mass index for Asian populations and its 
implications for policy and intervention strategies. 
Lancet (London, England). 2004;363:157-63. 
DOI:1016/s0140-6736(03)15268-3.

20 Diana Noland, Litchford M. Laboratory Values 

for Nutritional Assessment and Monitoring. In: 
Mahan LK, Raymond JL, editors. Krause’s food 
& the nutrition care process-e-book. 14 ed. St. 
Louis, Missouri: Elsevier Health Sciences, 2016. 
p. 981-1001.

21 Alberti KG. International Diabetes Federation 
Task Force on Epidemiology and Prevention; 
Hational Heart, Lung, and Blood Institute; 
American Heart Association; World Heart 
Federation; International Atherosclerosis Society; 
International Association for the Study of 
Obesity: Harmonizing the metabolic syndrome: 
a joint interim statement of the International 
Diabetes Federation Task Force on Epidemiology 
and Prevention; National Heart, Lung, and Blood 
Institute; American Heart Association; World 
Heart Federation; International Atherosclerosis 
Society; and International Association for the 
Study of Obesity. Circulation. 2009;120:1640-
5. DOI:1161/CIRCULATIONAHA.109.192644. 
PMID:19805654.

22 Kaur J. A comprehensive review on 
metabolic syndrome. Cardiol Res Pract. 
2014;2014:1-21. DOI:1155/2014/943162.
PMID:24711954;PMCID:PMC3966331.

23 Hwang LC, Bai CH, Chen CJ. Prevalence of 
obesity and metabolic syndrome in Taiwan. J 
Formos Med Assoc. 2006;105:626-35. DOI:1016/
S0929-6646(09)60161-3. PMID:16935763.

24 Braun S, Bitton-Worms K, LeRoith D. The 
link between the metabolic syndrome and 
cancer. Int J Biol Sci. 2011;7:1003-15. PMID: 
21912508;PMCID:PMC3164150.

25 Kohli P, Greenland P. Role of the metabolic 
syndrome in risk assessment for coronary 
heart disease. JAMA. 2006;295:819-21. 
PMID:16482657.

26 Amiri A, Hakimi A. The study of prevalence 
of metabolic syndrome among nurses of Shahid 
Mohammadi Hospital of Bandar Abbas city, Iran. 
J Clin Nurs. 2016;6:1-8.

27 Hajian-Tilaki K, Heidari B, Firouzjahi A, 
et al. Prevalence of metabolic syndrome and 
the association with socio-demographic 
characteristics and physical activity in urban 
population of Iranian adults: a population-based 
study. Diabetes & Metabolic Syndrome. Clin Res 
Rev. 2014;8:170-6. DOI:1016/j.dsx.2014.04.012.

28 Dalvand S, Niksima SH, Meshkani R, et al. 
Prevalence of Metabolic Syndrome among 
Iranian Population: A Systematic Review and 
Meta-analysis. Iran J Public Health. 2017; 
46:456-67.

29 Gündogan K, Bayram F, Capak M, et al. 
Prevalence of metabolic syndrome in the 



Abdollahzadeh et al.

Int J Nutr Sci December 2017;2(4) 202

Mediterranean region of Turkey: evaluation 
of hypertension, diabetes mellitus, obesity, 
and dyslipidemia. Metab Syndr Relat Disord. 
2009;7:427-34. DOI:1089/met.2008.0068. 
PMID:19754305.

30 Park HS, Oh SW, Cho SI, et al. The metabolic 
syndrome and associated lifestyle factors among 
South Korean adults. Int J Epidemiol. 2004; 
33:328-36. DOI:1093/ije/dyh032. PMID:15082635.

31 Deepa M, Farooq S, Datta M, et al. Prevalence 
of metabolic syndrome using WHO, ATPIII and 
IDF definitions in Asian Indians: the Chennai 
Urban Rural Epidemiology Study (CURES-34). 
Diabetes Metab Res Rev. 2007;23:127-34. 
DOI:1002/dmrr.658. PMID:16752431.

32 Obeidat AA, Ahmad MN, Haddad FH, et 
al. Alarming high prevalence of metabolic 
syndrome among Jordanian adults. Pak J Med 
Sci. 2015;31:1377-82. DOI:12669/pjms.316.7714.
PMID:26870100;PMCID:PMC4744285.

33 Zabetian A, Hadaegh F, Azizi F. Prevalence of 
metabolic syndrome in Iranian adult population, 
concordance between the IDF with the ATPIII and 
the WHO definitions. Diabetes Res Clin Pract. 
2007;77:251-7. DOI:1016/j.diabres.2006.12.001.
PMID:17234299.

34 Chuengsamarn S, Rattanamongkoulgul S, 
Villarroel A. Association between metabolic 
syndrome and risk of cardiovascular disease, 

using different criteria and stratified by sex. 
Int J Diabetes Mellit. 2010;2:78-82. DOI:1016/j.
ijdm.2010.05.011.

35 Ford ES, Li C, Zhao G. Prevalence and 
correlates of metabolic syndrome based on a 
harmonious definition among adults in the US. 
J Diabetes. 2010;2:180-93. DOI:1111/j.1753-
0407.2010.00078.x.PMID:20923483.

36 Moreira GC, Cipullo JP, Ciorlia LAS, et 
al. Prevalence of metabolic syndrome: 
association with risk factors and cardiovascular 
complications in an urban population. PLoS One. 
2014;9:e105056. DOI:1371/journal.pone.0105056.

37 Mason C, Katzmarzyk PT. Effect of the site 
of measurement of waist circumference on 
the prevalence of the metabolic syndrome. 
Am J Cardiol. 2009;103:1716-20. DOI:1016/j.
amjcard.2009.02.018. PMID:19539081.

38 Bullon P, Morillo JM, Ramirez-Tortosa MC, 
et al. Metabolic syndrome and periodontitis: 
is oxidative stress a common link? J Dent Res. 
2009;88:503-18. DOI:1177/0022034509337479. 
PMID: 19587154.

39 Ford ES, Ajani UA, Mokdad AH. The metabolic 
syndrome and concentrations of C-reactive 
protein among US youth. Diabetes Care. 
2005;28:878-81. DOI:2337/diacare.28.4.878. 
PMID:15793189. 


