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ABSTRACT 
 
 Background: Obesity and insulin resistance (IR) are features of polycystic ovary syndrome (PCOS). They 
are related to the endothelial dysfunction which is observed before the onset of clinically manifested vascular 
diseases, mainly and cardiovascular risk in PCOS. The endogenous nitric oxide synthase inhibitor; asymmetric 
dimethylarginine (ADMA) represents an independent marker for endothelial dysfunction and cardiovascular 
morbidity. Purpose: This work aimed to determine ADMA levels in women with PCOS and its relationship to 
body mass index (BMI), insulin resistance (IR) and hormonal profile in these women. Patients and methods: 
This work included twenty women with PCOS diagnosed by Rotterdam criteria with mean age (26.51±3.96 
years) and mean BMI (26.66±4.52 kg/m²). Twenty healthy women without PCOS with matched age 
(25.80±4.62 years) were included as a control group. All included women underwent history taking, physical 
examination including determination of BMI, and the following laboratory investigations: determination of 
levels of fasting blood glucose (FBG), fasting insulin (F. insulin), calculation of homeostasis model of 
assessment-insulin resistance (HOMA-IR), serum ADMA level, hormonal parameters including: follicular 
stimulating hormone (FSH), luteinizing hormone (LH); calculation of FSH/LH ratio, Estradiol (E2), Prolactin 
(PRL) and thyroid stimulating hormone (TSH). Routine tests as serum electrolytes, kidney and liver function 
tests were also done; in addition to abdominal and pelvic ultrasound. Neither the patients nor controls were 
smokers, taking any drugs or suffering from any chronic disease, androgen producing tumor or endocrine 
disorder other than PCOS. Results: Women with PCOS had significantly high mean serum ADMA levels, 
fasting serum insulin, HOMA-IR, serum LH, and serum Prolactin, but low FSH/LH ratio and E2 when compared 
to the control. Serum ADMA levels showed significantly positive correlation with BMI, F. insulin and HOMA-
IR; and showed significantly negative correlation with FSH/LH ratio. Conclusion: Serum ADMA level (being a 
sensitive marker of cardiovascular risk) was increased in women with PCOS and this increase was closely 
related to the obesity and insulin resistance. Increased F. serum insulin is the key factor in the link between 
metabolic syndrome disorders and PCOS.   
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Introduction 
 
 Polycystic ovary syndrome (PCOS) is the most common hormonal disorder of reproductive aged women 
with prevalence of 5-10% (Azziz, et al., 2005). The diagnostic criteria (Rotterdam 2003 consensus criteria) of 
PCOS include any two of the following three features: (1) oligo or anovulation; (2) clinical and/or biochemical 
hyperandrogenemia (hirsutism, acne and/or alopecia); and (3) the finding of polycystic ovaries on ultrasound 
scan, with exclusion of other etiologies (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing’s 
syndrome) (Rotterdam ESHRE/ASRM-Sponsored 2003). 
 Polycystic ovary syndrome is now considered as a complex disease with metabolic, cardiovascular, and 
long-term health implications, including diabetes mellitus, hypertension, coronary artery disease, obesity, 
insulin resistance (IR), dyslipidemia, low-grade chronic inflammation, and abnormalities in the coagulation and 
fibrinolytic pathways (Orio, et al., 2008). Polycystic ovary syndrome and type 2 diabetes seem to be closely 
related. Moreover, obesity and IR play a major role in the development of both (Yildizhan, et al., 2011).   
 The mechanisms linking PCOS and increased cardiovascular risk profile are not well understood. Besides 
insulin resistance, it has been suggested that hyperandrogenemia contributes to vascular damage in women 
(Heutling, et al., 2008). Moreover, endothelial dysfunction appears to be associated with both insulin resistance 
and androgen level (Diamanti-Kandarakis, et al., 2006). 
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 Asymmetrical dimethylarginine (ADMA), a guanidino-substituted analog of L-arginine, is a potent 
endogenous competitive inhibitor of the endothelial nitric oxide synthase (NOS) (Yildizhan, et al., 2011). It is 
characterized as an amino acid of intracellular origin naturally found circulating through the plasma, urine, 
tissues, and cells. It is synthesized when arginine residues in the nuclear proteins are methylated through the 
action of the protein arginine methyltransferases (PRMTs), which are largely distributed throughout the human 
body. It's level is higher interacellulary than extracellulary. ADMA is eliminated by renal excretion or by the 
enzymatic action of the dimethylarginine dimethylaminohydrolases. It inhibits the three isoforms of NOS, it can 
also uncouple the enzyme, generate super oxides; it interfaces with other targets in the cell and causes increase 
in the renal vascular resistance and blood pressure. ADMA is now known to be a mediator molecule of the 
adverse vascular effects of many other factors and markers of cardiovascular risk (Landim, M.B.P., et al., 2009). 
Asymmetrical dimethylarginine is considered as a strong, sensitive marker of endothelial dysfunction and 
cardiovascular morbidity (Yildizhan, et al., 2011).  
 This work aimed to assess serum ADMA levels in women with PCOS and its relationship to body mass 
index (BMI), IR and hormonal profile in these women. 
 
Patients and methods: 
 
 This work included twenty women with PCOS with mean age (26.51±3.96 years) and their mean BMI 
(26.66±4.52 kg/m²); was calculated according to standard WHO classification (WHO, 2007). They were 
diagnosed by Rotterdam criteria, when two of the following three features were present: oligo- and/or 
anovulation, clinical and/or biochemical signs of hyperandrogenism, and polycystic ovaries on ultrasound 
examination (the presence of R12 follicles measuring 2–9 mm in diameter and/or ovarian volume >10 cm3) 
(Rotterdam ESHRE/ASRM-Sponsored 2003).  
 Twenty healthy women volunteers without PCOS, with matched age were included as a control group, their 
healthy status was determined on the basis of medical history, physical and pelvic examinations, blood 
chemistry, and pelvic ultrasonography. Patients were selected (twice /week over a period of 11 months from 
January to November 2012) from the outpatient's infertility clinic at the Department of Obstetrics and 
Gynecology and Internal Medicine Department of Al-Zhraa University Hospital. All participant women were 
non smokers and were not under current medications (oral contraceptives, glucocorticoids, antiandrogens, 
insulin sensitizers, ovulation induction agents, or antiobesity drugs). Any woman with hypertension, diabetes 
mellitus (DM), chronic diseases (renal, hepatic or cardiac), androgen producing tumour or endocrine disorder 
other than PCOS was excluded. Written informed consent was obtained from all of them and approval of the 
ethical committee was also obtained.   
 All participant women underwent history taking, physical examination including determination of BMI 
calculated as weight (kg)/ height squared (m²). For hormonal and biochemical analyses, about 5ml of fasting 
overnight (6-8 hours) of venous blood sample was taken from each woman participating in the study, and the 
serum was separated by centrifugation for immediate determination of (FBG) on Hitachi auto analyzer 736 (1-1, 
Nishi-Shinjuku, Shinjuku-Ku, Tokyo, Japan) by colorimetric techniques. The rest of the serum was stored at -
20°C for determination of FSH, LH, E2, TSH, prolactin, insulin and ADMA.  
 The determination of serum FSH (Luna, et al., 2007), serum LH (Simoni, et al., 2008), serum E2 (Gillberg, 
et al., 1999), serum TSH (Smallridge, Ladenson, 2001) and serum prolactin (Simoni, et al., 2008) was carried 
out on Immulite 2000 analyzer (DPC, Cirrus Inc. Los Angeles, CA 90045-5597), using solid phase enzyme 
chemiluminescent immunoassay. The kits were supplied from DPC (96th street, Los Angeles, USA). 
 Fasting serum insulin measured using a radioimmunoassay kit, supplied from BioSource Europe (8, Rue de 
l’Industrie 8, Zoning Industrie1400 Nivelles, Belgium) (Hotamisligil, 2003). Insulin sensitivity was assessed 
using homeostasis model (HOMA) which was calculated by the formula (fasting insulin in micro international 
units/millilitre   x    fasting glucose in milligram /litter)/405 (Wallace, et al.,  2004).  
 Quantitative determination of ADMA in serum was performed by the ELISA technique and the kit was 
supplied by DLD Diagnostika GmbH (Adlerhorst 15 D-22459, Hamburg, Germany) (Yildizhan et al, 2011). 
Routine test, serum electrolytes, kidney and liver function tests were also done; in addition to abdominal and 
pelvic ultrasound.  
 
Statistics: 
 
 All data were computed and analyzed using Statistical Package for the Social Sciences (SPSS) version 17.0 
(SPSS, Inc., Chicago, IL). Data were expressed as mean ± standard deviation (SD), t test was used for 
comparison of means.  P values < 0.01 were considered significant. Relations between ADMA and different 
variables were investigated using Pearson bivariate correlation in PCOS women and control group. Multiple 
linear regression analysis with ADMA as a dependent variable was performed to test the influence of the main 
independent variables against ADMA. 
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Results: 
 
 Table (1) showed that mean values of age, BMI, and FBG were not significantly differ between PCOS and 
control groups, BMI  was higher in patients with PCOS (26.66±4.5 kg/m²) than in control group (24.86±3.7 
kg/m²) but this difference did not achieve statistical significance. Patients with PCOS had significantly higher 
levels of fasting serum insulin, HOMA- IR and serum ADMA (p<0.001) compared with women in control 
group (figure1). Table (1) also, revealed higher level of serum FSH among PCOS patients (7.01±3.1 mIU/ml) 
than healthy women (5.87±1.2 mIU/ml) but with no significant difference. Serum E2 was significantly lower in 
PCOS group (40.25±8.0 pg/ml) compared with healthy women (128.70±6.0 pg/ml) (figure1), while serum LH 
and serum prolactin were significantly higher in PCOS group than control. FSH/LH ratio was significantly 
lower in PCOS women (1.02±0.3) than in healthy women (1.58±0.3), while there was no significant difference 
of serum TSH between the two groups. 
 Table (2) showed the correlation analysis between the studied parameters and serum ADMA. In PCOS and 
control groups, ADMA serum concentrations were positively correlated with BMI, F. serum insulin, and 
HOMA-IR (figure 2). Serum ADMA showed no correlation to the hormonal parameters except in the PCOS 
group but not in control group, weak negative correlation between serum ADMA and FSH/LH ratio (r = - 0.457; 
p=0.04) was found (figure 3).  
 Table (3) The results of the influence of the main independent variables against ADMA (dependent variable) 
tested by a multiple linear regression analysis, which revealed direct relationship between the independent 
fasting serum insulin level (β coefficients 0.732) and serum ADMA.       
 
Table 1: Comparison of PCOS and Control women regarding studied parameters. 

Studied 
parameters 

PCOS (20) Controls(20) t Statistical 
difference 

Mean±SD Mean±SD value P value 
Age (years) 26.51±3.96 25.80±4.62 0.521 0.605 ns 

BMI (Kg/m²) 26.66±4.52 24.86±3.72 1.371 0.179 ns 
FBG (mg/dl) 90.60±17.44 87.05±12.02 0.749 0.458 ns 

F. Insulin (µIU/ml) 28.05±6.30 10.86±1.95 11.644 <0.000 
HOMA- IR 6.28±1.95 2.37±0.72 8.377 <0.000 

ADMA (µmol/L) 0.93±0.14 0.54±0.05 11.337 <0.000 
FSH(mIU/ml) 7.01±3.17 5.87±1.25 1.498 0.142 ns 
LH(mIU/ml) 6.96±2.84 3.87±1.24 4.446 <0.000 

FSH/LH 1.02±0.30 1.58±0.34 - 5.316 <0.000 
E2(pg/ml) 40.25±8.33 128.70±6.90 - 36.545 <0.000 

PRL(ng/ml) 21.29±7.52 14.30±3.65 3.736 <0.001 
TSH(mIU/ml) 2.42±1.35 2.52±0.73 -0.289 0.774 ns 

BMI= Body Mass Index    FSH= Follicular Stimulating Hormone 
FBG= Fasting Blood Glucose    LH= Luteinizing Hormone  
F. Insulin= Fasting Insulin     E2= Estradiol  
HOMA-IR= Homeostasis Model (Insulin Resistance)  PRL= Prolactin 
ADMA= Asymmetric Dimethylarginine   TSH= Thyroid Stimulating Hormone   
P value is significant at the level < 0.01    ns: non significant statistical difference 
 
Table 2: Pearson's correlation between studied parameters and serum ADMA  in PCOS and control women. 

 ADMA 
PCOS (20) Controls(20) 

Studied Parameters r P value r P value 
Age 0.262 0.265 0.138 0.561 
BMI 0.947** <0.000 0.917** <0.000 
FBG 0.024 0.919 0.734** <0.000 

F. Insulin 0.946** <0.000 0.841** <0.000 
HOMA- IR 0.686** <0.001 0.813** <0.000 

FSH 0.050 0.833 -0.282 0.228 
LH 0.368 0.110 -0.345 0.136 
E2 -0.130 0.586 -0.414 0.069 

PRL 0.118 0.620 -0.075 0.754 
TSH 0.104 0.664 -0.056 0.814 

FSH/LH -0.457* 0.043 0.309 0.185 
** Positive correlation, P <0.001  
- * weak negative correlation 
 
Table 3: Multiple linear regression analysis of  main different variables (independent variables)  against ADMA (dependent variable).  

Variables t Std. Error β coefficients Sig. 
(Constant) ( 7.426 ) ( 0.049) - 0.000 

Fasting Insulin 8.350 0.002 0.732 0.000 
Estradiol -2.508 0.000 -0.178 0.017 

Luteinizing Hormone 3.195 0.004 0.169 0.003 
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Follicular Stimulating Hormone -3.731 0.004 -0.157 0.001 
Body Mass Index 2.446 0.002 0.099 0.020 

Thyroid     Stimulating    Hormone 2.542 0.005 0.056 0.016 
Prolactin -1.768 0.001 -0.048 0.087 

F =297.192                     P<0.000   
NB:   Fasting serum insulin was the most powerful determinant variable against serum ADMA concentration by multiple regression analysis 

 

 

 
 
Fig. 1: Comparison between women with  PCOS and control women regarding F serum insulin, HOMA-IR,  
            serum ADMA, LH, FSH/LH ratio and E2 
 
 There was significant difference between PCOS and control women regarding F serum insulin, HOMA-IR, 
serum ADMA, LH, FSH/LH ratio and E2   
 There was highly significant positive correlation between serum ADMA level and BMI, F serum insulin 
and HOMA-IR.  
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Fig. 2: Correlation between serum ADMA level and BMI, F serum insulin and HOMA-IR in women with 

PCOS. 
 
Discussion:  
 
 Most women with PCOS exhibit features of the metabolic syndrome including: obesity, IR and 
dyslipidemia (Galluzzo, et al., 2008). In 2001, Paradisi et al., (2001) first reported that PCOS is characterized by 
endothelial dysfunction and IR. 
 ADMA is an endogenous inhibitor of nitric oxide synthase (NOS). It is considered an indicator for 
endothelial dysfunction and a sensitive marker for cardiovascular risk (Yildizhan, et al., 2011). 
 This work aimed to determine ADMA levels in women with PCOS and its relationship to body mass index 
(BMI), insulin resistance (IR) and hormonal profile in these women.  
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Fig. 3: Weak negative correlation between serum ADMA level and FSH/LH ratio. 
 
 Our results showed significantly high levels of F. serum insulin, HOMA-IR and serum ADMA in women 
with PCOS than in control women.  
 Hyperinsulinemia is a predictor of cardiovascular risk (Mohamadin, et al., 2010). Insulin resistance is an 
important characteristic of PCOS around which a number of metabolic disorders, including obesity, diabetes 
mellitus, hyperlipidemia, hypertension and cardiovascular disease clusters (Yildizhan, et al.,  2011). 
 Our results are in agreement with Heutling et al., (Heutling, et al., 2008) who demonstrated that plasma 
ADMA is increased in women with PCOS when compared to controls and decreased significantly after insulin 
sensitizer therapy (metformin) and suggested a close relationship between IR and plasma ADMA. On the other 
hand, Demirel et al., (2007) demonstrated that serum ADMA was not different in adolescent subjects with 
PCOS and controls and Turkcuoglu et al., (2011) who reported that plasma ADMA, nitric oxide (NO) levels and 
arginine/ADMA ratio were similar in PCOS and control groups. In their study, plasma ADMA level did not 
correlate with the hormonal and metabolic parameters in patients with PCOS. Also, Pamuk et al., (2010) noticed 
that there were no significant difference in plasma ADMA level in obese patients with PCOS and healthy 
controls.  
 In our results, serum ADMA levels showed significantly positive correlation with BMI (obesity), F. serum 
insulin and HOMA-IR. This result consistent with Heutling et al., (2008), Mohamadin et al., (2010) and 
Yildizham et al., (2011) who found that: plasma ADMA level and HOMA-IR were significantly higher in the 
obese group; however, there was no statistically significant difference between the nonobese and control groups.  
 Similarly, in other investigations ADMA has been shown to be associated with degree of insulin resistance 
and BMI. Plasma ADMA concentrations were positively correlated with impairment of insulin-mediated 
glucose disposal in nondiabetic, normotensive subjects and with BMI in patients with high risk of 
atherosclerosis (Eid, et al., 2004). Plasma ADMA levels are higher in obese, insulin-resistant women than in 
equally obese, insulin-sensitive women and decrease in response to weight loss when associated with 
enhancement of insulin sensitivity (McLaughlin, et al., 2006).  
 Contrary to our results Ozgurtas et al. (2008) reported a higher circulating ADMA concentration in 
nonobese subjects with PCOS than in controls.  In 2012, Thomson et al., treated the overweight/obese PCOS 
women with high protein –low carbohydrate diet regimen, diet and aerobic exercise in addition to diet and 
combined aerobic resistance exercise which resulted in significant weight loss without difference between the 
three types of the treatment. They noticed that: weight reduction improved the IR, but surprisingly, serum 
ADMA levels didn't change significantly (Thomson, et al., 2012). 
 Elevated serum ADMA levels in young obese subjects with PCOS may indicate the early signs of 
cardiovascular risk in these women Yildizham et al., (2011). Our results support the concept of serum ADMA 
as an important link between impaired insulin action and endothelial dysfunction (Cleland, et al., 2000). 
 The possible mechanism of elevation of serum ADMA in PCOS is not well understood. It may be due to 
reduced renal excretion (Melikian, et al., 2007) and decreased activity of hydrolase enzyme which metabolizes 
ADMA (Fleck, et al., 2003). As consequence of IR, PCOS patients have an abnormal lipid profile so IR may, 
contribute in directly to endothelial dysfunction and cardiovascular risk (Mohamadin, et al., 2010). 
Hyperhomocysteinemia is associated with endothelial dysfunction. Homocysteine produces an increased 
oxidative stress in the vascular endothelium and platelet aggregation (Tyagi, et al.,  2005). An excess of this 
amino acid can contribute to cardiovascular risk through an increase in ADMA, (Stühlinger, et al., 2001) which 
is considered an important link between hyperhomocysteinemia and endothelial dysfunction. Since ADMA 
contains two methyl groups, its synthesis is followed by the generation of two homocysteine equivalents. 
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Recently, a moderate but highly significant positive association was identified between plasma ADMA and 
homocysteine in a large population study (Teerlink, 2005). Heutling et al., (2008), and Mohamadin et al., (2010) 
demonstrated high homocysteine concentration and described association between homocysteine and ADMA in 
PCOS women. However, an interventional study by vitamin B and folic acid supplementation in patients with 
peripheral vascular disease and hyperhomocysteinemia did not result in lowering of ADMA despite a significant 
fall of homocysteine levels (Ziegler, et al., 2005). 
 Our results support the concept of interplay among obesity, hyperinsulinemia, IR, elevated ADMA, 
impaired nitric oxide, bioavailability, dyslipidemia,   hyperhomocysteinemia and hyperandrogenrmia on the 
vascular bed in the pathophysiology of cardiovascular diseases (Mohamadin, et al., 2010).  
 Despite extensive research, the pathogenesis of polycystic ovary syndrome (PCOS) remains unclear. Kelly 
et al., (2011) suggested that, an elevated circulating concentration of insulin inhibits the production of insulin-
like growth factor binding protein-1 (IGFBP-1), thus increasing the level of free IGF-I in serum and stimulating 
ovarian androgen production. By the linear regression analysis in our results, fasting serum insulin appeared as 
the most powerful determinant of ADMA level in women with PCOS. This finding underlines a strong causative 
relationship between hyperinsulinemia and serum ADMA in PCOS women. Hyperinsulinemia 
increases gonadotropin-relasing hormone (GnRH) pulse frequency, LH over FSH dominance, increased ovarian 
androgen production, decreased follicular maturation, and decreased sex hormone binding globulin 
(SHBG) binding; all these steps contribute to the development of PCOS. Elevated insulin levels contribute to or 
cause the abnormalities seen in the hypothalamic-pituitary-ovarian axis that lead to PCOS (Azziz, et al., 2009). 
Insulin sensitizing agents (metformin) improves both hyperandrogenism and insulin resistance (Heutling, et al., 
2008; Ozgurtas, et al., 2008). 
 Polycystic ovary syndrome (PCOS) is characterized by increased frequency of hypothalamic GnRH pulses 
leading to a relative increase in LH synthesis by the pituitary. Women with PCOS have higher GnRH, which in 
turn results in an increase in LH/FSH ratio (Lewandowski, et al., 2011).  
 Our results revealed significant increase in serum LH and significant decrease in FSH/LH ratio. These 
results agree with Mohamadin (Mohamadin, et al., 2010), Azziz et al., (2009) and Lewandowski et al., (2011) 
who postulated that this phenomenon might be potentially useful as an additional tool in the diagnosis of PCOS. 
 A significant decrease in serum Estradiol (E2,) level was noticed among our PCOS group and this finding 
supports the postulation that adipose tissue possesses aromatase, an enzyme that converts androstenedione to 
estrone and testosterone to estradiol. The excess of adipose tissue in obese patients creates the paradox of having 
both excess androgens (which are responsible for hirsutism and virilization) and estrone (which inhibits FSH via 
negative feedback) (Mitchell, et al., 2013). 
 Our results demonstrated significant increase in serum PRL, and this result agrees with Ortega-Gonzalez 
who reported higher prevalence of hyperprolactinemia among women with PCOS than control women and 
found that metformin administration was associated with a clear improvement in the endogenous hypothalamic 
dopaminergic tone, simultaneously with an amelioration of the insulin resistance in PCOS women. Women with 
PCOS have a disruption of the neuroendocrine mechanisms (including a deficiency of hypothalamic dopamine) 
regulating both gonadotropin-relasing hormone (GnRH) and prolactin (PRL) release (Rosenfield, 1997). Indeed, 
administration of dopamine (DA) or bromocriptine, a DA agonist, decreased the circulating level of LH and 
restored the cyclic ovarian function in PCOS patients. A hypolthalamic deficiency of DA could also explain the 
mild hyperprolactinemia frequently present in women with PCOS which is further supported by the finding of a 
low DA hypothalamic tone with increased PRL bioactivity in obese, hyperinsulinemic women with PCOS 
(Hernandz, et al., 2000). 
 
Conclusion: 
 
 Serum ADMA level (being a sensitive marker of cardiovascular risk) was increased in women with PCOS 
and this increase was closely related to the obesity and insulin resistance. Increased F. serum insulin is the key 
factor in the link between metabolic syndrome disorders and PCOS.  
 
Recommendations: 
  
 Health education programme and therapeutic measures (insulin sinstizers), modify lifestyle (gradual regular 
exercise) and reduction of body weight help to reduce ADMA level may combat early, the cardiovascular risk, 
obesity and diabetes in PCOS. 
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