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1. Introduction

   Polycystic ovarian syndrome (PCOS) is a complex disorder 
affects 5%-6% of women during reproductive age group[1]. 
Based on Rotterdam Criteria; PCOS can be diagnosed by 
at least two of the three following criteria; clinical and/
or biochemical signs of hyperandrogenism, oligo and/
or annovulation and polycystic ovary on ultrasound, after 
exclusion of other causes of excess androgen such as 
adrenal congenital hyperplasia, Cushing’s syndrome and 

androgen-secreting tumors[2]. Insulin resistance (IR) and 
compensatory hyperinsulinemia are key pathological factors 
of PCOS[3]. IR may act directly and/or indirectly to stimulate 
ovarian androgen production and it plays a pathogenic role 
in the development metabolic syndrome (MS)[3]. The national 
cholesterol education program adult treatment panel (NCEP 
ATP III) guidelines defined the MS as having at least three of 
the following abnormalities; increased waist circumference, 
high blood pressure, elevated fasting blood glucose, low 
serum high-density lipoprotein (HDL) cholesterol and 
hyperglycemia[4]. Evidence suggests that women with PCOS 
have an increased risk for developing type II diabetes 
mellitus and cardiovascular disease[5,6]. This study was 
designed to detect the prevalence of MS among infertile 
PCOS women.

Objective:  To detect the prevalence of metabolic syndrome (MS) among infertile women with 
polycystic ovary syndrome (PCOS). Methods: Two hundred and twenty infertile PCOS women 
were included in this prospective cross section study. Diagnosis of PCOS was based on at least two 
of ESHRE/ASRM criteria and diagnosis of MS was based on at least three of NCEP ATP III criteria. 
A standard questionnaire was used to document length of menstrual cycles, personal and family 
history of medical disorders. Signs of androgen excess and insulin resistance were noted in the 
physical examination. Anthropometric measurements were done to measure waist circumference, 
hip circumference and body mass index (BMI) was calculated. Overnight fasting blood sample 
and a 75 gram oral glucose tolerance test, TSH, prolactin, total testosterone, SHBG and lipid 
profile levels were evaluated in all studied PCOS women. Trans-vaginal ultrasound was also done 
to measure; ovarian volume and number of follicles in both ovaries. Results: The prevalence 
of MS in studied PCOS women was 30.5% (67/220). There is strong positive correlation between 
prevalence of MS and both age and BMI of the studied PCOS women. Logistic regression analysis 
showed that; the age > 25 and waist-hip ratio 曒0.85 were powerful predictors for the prevalence 
of MS in PCOS women. Conclusion: The prevalence of MS was 30.5% in the studied PCOS women. 
The age above 25 years and waist-hip ratio 曒0.85 were powerful predictors for prevalence of MS 
in PCOS women. 
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2. Materials and methods 

2.1. Patients 

   Two hundred and twenty (220) infertile women with 
PCOS were included in this prospective cross sectional 
study which was conducted at Ahmadi Hospital, Kuwait 
Oil Company (KOC), Kuwait from March 2011 to March 
2013 after informed consent and approval of the study by 
institute ethical committee. Diagnosis of PCOS was based on 
at least two of European Society for Human Reproduction 
and Embryology and the American Society for Reproductive 
Medicine (ESHRE/ASRM) criteria; chronic anovulation, 
hyperandrogenism and polycystic ovaries, after exclusion 
of other causes of excess androgen such as adrenal 
congenital hyperplasia, Cushing’s syndrome and androgen-
secreting tumors[2]. Oligo-ovulation and/or anovulation 
was defined by oligomenorrhea (intermenstrual intervals 
≥35 days) and amenorrhea (intervals >3 months). Clinical 
hyperandrogenism was defined by presence of hirsutism 
(Ferriman-Gallwey score of ≥8) and/or acne. Biochemical 
hyperandrogenism was present if  calculated free 
testosterone level was >2.06%. Polycystic ovary was detected 
by presence of at least one ovary ≥10 cm3 in volume and/or 
at least one ovary with ≥12 follicles measuring 2-9 mm in 
diameter by ultrasound[7]. Women with thyroid disorders or 
hyperprolactinaemia or on steroids or oral contraceptives in 
the last 3 months were excluded from this study. 
   Diagnosis of MS was based on at least three of NCEP ATP III 
criteria; increased waist circumference (>88 cm), low serum 
HDL cholesterol (<50 mg/dL), hypertriglyceridemia (>150 mg/dL), 
increased blood pressure (systolic >130 mmHg or diastolic 
>85 mmHg) and high fasting blood glucose(>110 mg/dL)[8].
   A standard questionnaire was used to document length of 
menstrual cycles, personal, medical and family history of 
diabetes, hypertension, obesity and ischemic heart disease. 
Signs of androgen excess (hirsutism, acne, and alopecia) and 
IR were noted in the physical examination[9]. Anthropometric 
measurements were done; waist circumference in 
centimeters measured midway between the upper border 
of iliac crest & the lower rib margin and hip circumference 
measured at the level of the greater trochanters. Height was 
recorded in centimeters and weight in kilograms. BMI was 
calculated as weight in kilograms divided by the square of 
height in meters (kg/m2). Overweight was defined; if BMI was 
between 25.0-29.9 kg/m2, and obese if BMI was ≥ 30.0 kg/m2 

according to World Health Organization categories. Sitting 
blood pressure was measured after a 5-min rest using a 
standard sphygmomanometer[10].
   Overnight fasting blood sample and a 75 gram oral glucose 
tolerance test was obtained in all studied PCOS women. 

Impaired fasting glucose, impaired glucose tolerance test 
and diabetes were defined according to American Diabetes 
Association revised definitions. Thyroid stimulating hormone 
(TSH), prolactin, total testosterone, sex hormone-binding 
globulin (SHBG), and a fasting lipid profile (total cholesterol, 
triglycerides, HDL, and low-density lipoprotein) levels were 
also evaluated in all studied PCOS women.
   Laboratory methods; Total testosterone was measured 
by a solid-phase competitive chemiluminescent enzyme 
immunoassay (IMMULITE 2000, Siemens, Eschborn, 
Germany ) ,  SHBG by  e lec t rochemi luminescence 
immunoassay (ECLIA modular analysis E170, Roche 
Diagnostics, Mannheim, Germany), TSH by two site 
sandwich immunoassay  (ADVIA  Centaur,  Bayer 
Corporation, Tarry town, NY, USA), serum prolactin by 
direct chemiluminometric sandwich method (IMMULITE 
2000, Siemens, Eschborn, Germany) and blood glucose by 
glucose oxidase and peroxidase methods. Triglyceride level 
was measured by using the standard lipase, glycerokinase, 
glycerol-3-phosphate oxidase and peroxidase method and 
HDL cholesterol was measured by the cholesterol esterase, 
oxidase, peroxidase method. To calculate free testosterone, 
initially serum albumin, SHBG and total testosterone levels 
were estimated. Using these values, the free testosterone 
was calculated by using the free testosterone formula (Free 
testosterone = 100 伊 total testosterone /SHBG).  
   Trans-vaginal ultrasound for both ovaries was done using 
a vaginal probe of 4-9 MHz of a ultrasound machine (Philips 
international; Amsterdam; Netherlands) to measure; ovarian 
volume and number of follicles in both ovaries. The primary 
outcome of this study measures; the prevalence of MS in 
infertile PCOS women and secondary outcome measures; 
factors which may predispose to development of MS[10].

2.2. Sample size and statistics 

   The required sample size was calculated using G* Power 
software version 3.17 for sample size calculation (*Heinrich 
Heine Universität; Düsseldorf; Germany), setting the毩-error 
probability at 0.05, power (1-毬error probability) at 0.95%, 
and effective sample size (w) at 0.3. The effective size (w) 
was calculated as follows: w=  , where 氈

2 is the 
chi-square test and N is the total sample size. The number 
of participants needed to produce a statistically acceptable 
figure was 220 patients. Collected data were statistically 
analyzed using Statistical Package for Social Sciences (SPSS); 
version 15. Numerical variables were presented as mean 
and standard deviation (±SD), while categorical variables 
were presented as number and percentage. Chi-square 
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test (氈
2) was used for comparison between groups as 

regard qualitative variables; Un-paired student (t) test was 
used for comparison between groups as regard numerical 
variables and a significant level of p value was set at 0.05.  

3. Results 

   The prevalence of MS in studied PCOS women was 30.5% 
(67/220). Three features of MS were present in 44 cases 
(20%), four features in 18 cases (8.2%), and all five features 
were present in 5 cases (2.3%) of the studied population. 
   The prevalence of MS was 22.7% in PCOS women ≤ 24 
years, 32.1% in PCOS women between 25-29 years, 35.9% 
in PCOS women between 30-34 years and 100% in PCOS 
women above 35 years. There is strong positive correlation 
between prevalence of MS and age of the studied PCOS 
women, the prevalence of MS increased with increased age 
of the studied PCOS women (Table 1).

Table 1
Distribution of metabolic syndrome according to age of the studied 
PCOS women. 

Age (Years) Without metabolic 
syndrome 

With metabolic 
syndrome (%)

Total 

≤ 24 years 75 22 (22.7) 97

25-29 years 53 25 (32.1) 78
30-34 25 14 (35.9) 39
>35 years 0 6 (100.0)   6
Total 153 67 220

    

   
   77.6% (52/67) of the studied PCOS women with MS 
presented with primary infertility, 83.6% (56/67) of them 
had menstrual irregularities in form of oligomenorrhea and/
or amenorrhea. A family history of diabetes mellitus was 
positive in 38.8% (26/67) of the studied PCOS women with 
MS, hypertensive disorders was positive in 32.8% (22/67) of 
the studied PCOS women with MS. Family history obesity 
was positive in 23.9% (16/67) of the studied PCOS with MS 
and family history of ischemic heart disease was in 11.9% 
(8/67) of the studied PCOS women with MS. 
   There is strong positive correlation between the 
prevalence of MS and Body Mass Index (BMI) of the 
studied PCOS women, the Prevalence of MS increased with 
increased BMI of the studied PCOS women. The prevalence 
of MS was 22.6% in PCOS women with BMI ≤ 24.9 kg/m2, 
34.1% in PCOS women with BMI 25-29.9 kg/m2 and 46.9% in 
PCOS women with BMI ≥30 kg/m2 (Table 2). 

Table 2
Distribution of metabolic syndrome according to Body Mass Index (BMI) 
of the studied PCOS women. 

BMI (kg/m2)
Without metabolic 

syndrome 
W i th  me tabo l i c 

syndrome (%)
Total 

≤ 24.9  82 24 (22.6) 106

25.0-29.9 54 28 (34.1) 82

≥30.0 17 15 (46.9) 32

Total 153 67(100.0) 220

      

   Mean age of studied PCOS women was significantly higher 
in women with MS than those without MS (30.13 ± 6.52 
versus 26.58 ± 5.34) and mean BMI was significantly higher 
in those with MS than those without MS (29.32 ± 3.30 versus 
25.26 ± 2.75) also, the waist–hip ratio was significantly 
higher in those with MS compared to those without MS (0.87 
± 0.05 versus 0.81+0.05). The free testosterone level was 
significantly higher in PCOS women with MS compared 
to women without MS (1.94 ± 0.45 versus 1.76 ± 0.33). The 
features of hyperandrogenism such as hirsutism with a 
Ferriman and Gallwey score  8, acne and acanthosis were 
significantly higher in PCOS women with MS compared to 
women without MS (32.8% versus 8.5%, 10.4% versus 2.6% 
and 16.4% versus 3.3%; respectively). Table 3 

Table 3
Clinical and biochemical parameters in PCOS women with and without 
MS. 

Variables 
With

 m e t a b o l i c 
syndrome 

 (n=67)

Without
 me tabo l ic  

syndrome
  (n=153)

P value 
(Test used)

Age (years) 30.13依6.52 26.58 依 5.34         0.02*(T test )
Weight (kg) 72.55依8.73 61.13 依 7.61       0.08(T test )
BMI (kg/m2) 29.32依3.30 25.26 依 2.75       0.03*(T test)
Waist–hip ratio 0.87依0.05 0.81 依 0.05       0.04*(T test) 
Free testosterone (%) 1.94依0.45 1.76 依 0.33    0.0009*(T test)
Hirsutism 22 (32.8%) 13 (8.5%) 0.0002*(氈

2 )
Acne 7 (10.4%) 4 (2.6%)     0.02*(氈

2 )
Acanthosis 11 (16.4%) 5 (3.3%)   0.001*(氈

2 )
*Significant; MS = Metabolic syndrome; PCOS = Polycystic Ovary 
Syndrome ; T test = Un-paired student t test;氈

2 = Chi-square test.

   

   Logistic regression analysis showed that; the age above 25 
years and waist-hip ratio 曒0.85 were powerful predictors for 
prevalence of MS in PCOS women than other parameters. 

4. Discussion 

   MS is characterized by three main interrelated 
abnormalities: elevated plasma glucose, dyslipidemia and 
elevated blood pressure, which directly contribute to a pro-
thrombotic and pro-inflammatory state, predisposing to the 
development of atherosclerotic cardiovascular disease and 
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type 2 diabetes mellitus[11]. MS and consequently long-term 
risk of cardiovascular disease/type 2 diabetes mellitus has 
been found to be higher in PCOS women compared to non- 
PCOS women[12,5].
   The prevalence of MS in studied PCOS women was 30.5% 
(67/220 cases). Three features of MS were present in 44 cases 
(20%), four features in 18 cases (8.2%), and all five features 
were present in 5 cases (2.3%) of the studied population. 
   Sixty-nine (69) young women with PCOS and 73 age-
matched healthy females were evaluated for the occurrence 
of MS according to the Adult Treatment Panel III by Vrbikova 
et al. They found that overt MS (the presence of three and 
more features of MS) was not common in PCOS women (1.6%) 
than in healthy controls (0%) and they also found isolated 
features of MS in 50% of PCOS women[13].
   Although vrbikova et al concluded that overt Ms was not 
common in PCOS women, Two hundred and ninety five (295) 
premenopausal Chinese PCOS women diagnosed by the 
Rotterdam criteria and 98 control subjects without PCOS 
were evaluated for prevalence of MS and cardiovascular risk 
factors by Cheung et al. They found ≥ 3 risk factors of MS in 
24.9% of PCOS women compared to 3.1% of controls (using 
the 2005 modified Adult Treatment Panel III criteria) [14].
   Mean age of studied PCOS women was significantly higher 
in women with MS than those without MS (30.13 ± 6.52 versus 
26.58 ± 5.34) and mean BMI was significantly higher in those 
with MS than those without MS (29.32 ± 3.30 versus 25.26 ± 
2.75). 
   There is strong positive correlation between prevalence 
of MS and both age and BMI of the studied women, the 
prevalence of MS increased with increased age and BMI of 
the studied PCOS women.
   Essah and colleagues concluded that the prevalence of MS 
in PCOS women is high across all age groups[15] and Cheung 
et al, found that the prevalence of MS in PCOS women 
increased from 16.7% at age below 30 years to 53.3% at age 
over 40 years and they also, found that MS was also more 
prevalent in overweight and obese (41.3%) than normal-
weight PCOS women (0.9%) [14].
   Similar to the results of this study, Hahn et al, found that 
the prevalence of MS was 33.8% in German PCOS women 
and they found that the prevalence of MS in German PCOS 
women increased with obesity and age, also, Soares and 
colleagues, found that the prevalence of metabolic syndrome 

increased with increased BMI of Brazilian PCOS women: 
3.2%, 19.2%, and 52.3% for normal, overweight, and obese 
PCOS women, respectively[16,17].
   In this study, the waist–hip ratio was significantly higher 
in those with MS compared to those without MS (0.87 ± 
0.05 versus 0.81 ± 0.05) and free testosterone levels were 
significantly higher in women with PCOS and MS compared 
to women without MS (1.94 ± 0.45 versus 1.76 ± 0.33). The 
features of hyperandrogenism such as hirsutism with a 
Ferriman and Gallwey score ≥ 8, acne and acanthosis were 
significantly higher in PCOS women with MS compared 
to women without MS and Logistic regression analysis 
showed that; the age > 25 and waist-hip ratio ≥ 0.85 were a 
powerful predictors for the prevalence of MS in PCOS women 
than the other parameters. Also, Goverde and colleagues, 
reported that a waist circumference of >83.5 cm along with 
biochemical evidence of hyperandrogenism were a powerful 
predictors of the presence of MS and IR in PCOS women [18].
A logistic regression analysis in this study showed that age 
and central obesity (waist–hip ratio/waist circumference) 
were powerful predictors of MS in PCOS women compared to 
other parameters including BMI, also Janssen and colleagues 
concluded that waist circumference is closely related with 
obesity-related risk factors as compared with the BMI [19].
   The results of this study suggest that PCOS women having 
any of the following risk factors: age > 25 or with central 
obesity waist–hip ratio >0.85, are at a greater risk of having 
MS. However, the results need to be cautiously interpreted 
because this study was conducted on PCOS women without 
non-PCOS control group, so, further larger studies with non-
PCOS control group will be required for a more accurate  
estimation of metabolic syndrome prevalence in PCOS 
women. 
   The prevalence of metabolic syndrome was 30.5% in the 
studied PCOS women. There is strong positive correlation 
between prevalence of MS and both age and BMI of PCOS 
women. The age above 25 years and waist-hip ratio ≥ 0.85 
were powerful predictors for prevalence of MS in PCOS 
women than other parameters. 
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