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A b s t r a c t: Background. The Polycystic Ovary Syndrome (PCOS) is a com-
mon endocrine and metabolic disorder of women of reproductive age, characterized by 
hyperandrogenism and chronic anovulation. Peripheral insulin resistance (IR) has a cru-
cial role in the pathogenesis of this disorder. A fasting glucose to insulin (G/I) ratio is a 
simple, reliable, sensitive and specific measurement of insulin sensitivity and is a useful 
test for the identification of IR in women with PCOS, who have to be treated with 
insulin sensitizers.  

Objective. To calculate the frequency of IR among patients with PCOS, using 
the fasting G/I ratio, and to compare the clinical and biochemical parameters between 
insulin-resistant and insulin-sensitive groups.  

Patients and methods. The study comprised 62 patients of reproductive age 
(18–40) with PCOS. The diagnosis PCOS was determined according to the diagnostic 
criteria from Rotterdam 2003, i.e. the presence of two of the following three criteria: 
oligo-ovulation and/or anovulation; clinical and/or biochemical hyperandrogenism; and 
polycystic ovaries. All other states associated with hyperandrogenism had been previously 
excluded. An inclusion criterion for the study was the body mass index (BMI) ≥ 25 
(kg/m2). After calculating the fasting glucose(mg/dl) / insulin(µU/ml) ratio, the patients 
were separated in two groups, i.e. an insulin-resistant group with a fasting G/I ratio of < 
4.5(mg/10-4U) and an insulin-sensitive group with a fasting G/I ratio of  ≥ 4.5(mg/10-4U). 

Results. In our study, 58.06% of women with PCOS and BMI ≥ 25 (kg/m2) were 
insulin-resistant. There was no significant difference between the two groups in age or 
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BMI. Sex hormone binding globulin (SHBG) levels were significantly lower in the 
insulin-resistant group (17.83 ± 8.38 vs. 42.66 ± 27.65 (nmol/l); p = 0.0036) and they 
had a higher free testosterone index (19.38 ± 8.91 vs. 9.55 ± 3.51 (%); p = 0.001) in 
comparison with the insulin-sensitive group. Progesterone levels were significantly 
lower in the IR group (2.41 ± 2.50 vs. 7.05 ± 8.04 (ng/ml); p = 0.034). 

Conclusion. A fasting glucose to insulin ratio is a simple and useful test for 
identifying insulin-resistant obese women with PCOS. SHBG and progesterone (oligo-
ovulation/anovulation) can be useful markers for long-term health risks in women with 
PCOS (diabetes mellitus type 2 and cardiovascular diseases). In this way we could iden-
tify the group of PCOS subjects and its subgroups, which would benefit from therapy 
with insulin sensitizers, with respect to the reduction of risks of chronic complications.  
 
Key words: Polycystic ovary syndrome (PCOS); insulin resistance (IR); glucose to 
insulin (G/I); body mass index (BMI); sex hormone binding globulin (SHBG). 
 
 

Introduction 
 
 The Polycystic Ovary Syndrome (PCOS) is a common endocrine and 
metabolic disorder, characterized by hyperandrogenism and chronic anovulation 
and affects 6–10% of women of reproductive age [1, 2]. 
 A high percentage of women with PCOS have peripheral insulin resis-
tance [3], this resulting in hyperinsulinemia, and having a crucial role in the patho-
genesis of this disorder [2]. The hyperinsulinemia leads to hyperandrogenism 
[4], mainly through: the stimulation of androgen production and a decrease in 
SHBG levels (as a result of suppression of hepatic production) with an attendant 
elevation of the free androgen index. 
 Women with PCOS have long-term health risks, [5, 6] such as: impai-
red glucose tolerance, diabetes mellitus type 2, hypertension and cardiovascular 
diseases. General health risks for women with PCOS are most probably affected 
by the level of their IR.  
 Abnormalities in the insulin action are poorly detected by a measure-
ment of either insulin or glucose levels. There are a lot of complicated dynamic 
tests for the evaluation of insulin sensitivity and adequate detection of insulin 
resistance. The fasting G/I ratio is a simple, reliable measurement of the insulin 
sensitivity in obese, white women with PCOS, which is in good correlation with 
the other the more complicated tests for IR [7], and it has a sensitivity of 95% 
and a specificity of 84%. It is a useful test for the identification of women with 
PCOS with IR [7], who need therapeutic treatment by means of insulin sensi-
tizers (biguanides and thiazolidinediones), which decrease the insulin resistance 
and reduce circulating insulin levels. 
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 The objective of our study was to calculate the frequency of IR among 
patients with PCOS, using the fasting G/I ratio, and to compare the clinical and bio-
chemical parameters between the insulin-resistant and the insulin-sensitive groups.  
 
 

Patients and methods 
 

Patients 
 
The study comprised 62 women with PCOS, aged from 18 to 40. The 

study was carried out in the Endocrinology, Diabetes and Metabolic Disorders 
Clinic at the Skopje Medical Faculty. 
 The diagnosis of PCOS was determined according to the diagnostic 
criteria from Rotterdam 2003 [6], i.e. the presence of two of the following three 
criteria: oligo-ovulation and/or anovulation; clinical and/or biochemical signs of 
hyperandrogenism (biochemical: – increased testosterone or dehydroepiandro-
sterone (DHEA-S) and clinical: hirsutism, acne or alopecia); and polycystic ovaries 
– present with 12 or more follicles in each ovary measuring 2–9 mm. in diame-
ter, and/or increased ovarian volume (> 10 ml). The other states associated with 
hyperandrogenism, such as non-classic adrenal hyperplasia (21-hydroxilase-de-
ficient), Cushing’s Syndrome, androgen-secreting tumours, thyroid diseases and 
diseases of hypophysis had been previously excluded.  
 An inclusion criterion for the study was the body mass index (BMI) of 
≥ 25 (kg/m2). After calculating the fasting glucose(mg/dl) / insulin(µU/ml) ratio, 
the patients were separated into two groups, i.e. an insulin resistant group with a 
fasting G/I ratio of < 4.5(mg/10-4U) and an insulin-sensitive group with a fas-
ting G/I ratio of  ≥ 4.5 (mg/10-4U). 
 Patients with diabetes mellitus, liver and kidney diseases had been exclu-
ded, as well as those taking oral contraceptive pills, less than three months be-
fore starting the study.  
  

Study protocol 
 

 History; physical examination; Ferriman-Gallway score for hirsutism; 
anthropology measurements (body weight, body height, calculating BMI, waist 
circumference (WC)); ultrasonograph examination of ovaries; hormonal analy-
ses (LH, FSH, estradiol, progesterone, testosterone, DHEA-S, SHBG and free 
testosterone index (FTI)) and measurement of fasting glucose and insulin. 
 All parameters were performed in the follicular phase of the menstrual 
cycle, between the second and the ninth day, and progesterone on the 21st day of 
the cycle. For patients with amenorrhoea for more then two months, all para-
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meters were performed each time. For all examinations, venous blood was taken 
between 08.00 a.m. and 10.00 p.m. Blood serum was used for all analyses except 
for glucose measurement – blood plasma. 
  

Biochemical methods of analysis 
 
 FSH, LH, estradiol, testosterone and DHEA-S were performed by the 
ECLIA method using a ROCHE ELECSYS 1010 automatic analyzer, insulin by 
the MEIA method (electrochemiluminiscence immunoassay) using an IMX 
ABBOTT semiautomatic analyzer, SHBG by the ELISA method (enzyme-lin-
ked immunosorbent assay) using an IMX ABBOTT semiautomatic analyzer, glucose 
with the Glukose-B reagent usinf the glucose-oxidase method with a BECMAN 
glucose analyzer. Progesterone was performed by the EIA method (enzyme 
immunoassay), with an automatic analyzer.  
  

Data analysis 
 

 We calculated the percentage of insulin-resistant women from the total 
number of women with PCOS. Further statistical data-processing was perfor-
med using the T-test for independent samples, using the Statistics for Windows 
programme. 
 
 

Results 
 
 Of the total number of 62 women with PCOS, 36 had a fasting G/I ratio 
< 4.5(mg/10-4U), i.e. 58.06% were insulin-resistant. Then the patients were divi-
ded in two groups: an insulin-resistant (IR) group (total 36) and an insulin-sen-
sitive (IS) group (total 26). 
 The clinical and biochemical features of both groups are summarized in 
Table 1. 
 There were no significant differences between the two groups in age, 
BMI or waist circumference (WC). There were no significant differences in to-
tal testosterone levels, but SHBG levels were significantly lower in the insulin-
resistant group (17.83 ± 8.38 vs. 42.66 ± 27.65 (nmol/l); p = 0.0036) and ade-
quately free testosterone index levels were significantly higher (19.38 ± 8.91 vs. 
9.55 ± 3.51(%); p = 0.001) in comparison with the insulin sensitive group. 
Progesterone levels were significantly lower in the IR group (2.41 ± 2.50 vs. 
7.05 ± 8.04 (ng/ml); p = 0.034).There were no significant differences in FSH, 
LH, Estradiol and DHEA-S levels. 
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 The fasting insulin levels were significantly higher in the insulin-resis-
tant group (26.26 ± 7.94 vs. 12.72 ± 4.08 (µU/ml); p < 0.000001) and fasting 
glucose levels were significantly higher (4.87 ± 0.63 vs. 4.43 ± 0.65 (mmol/l); p 
< 0.01). Fasting G/I ratios were significantly lower in the IR group than in the 
IS group (3.54 ± 0.81 vs. 6.92 ± 2.58 (mg/10-4U); p < 0.000001). 
 
Table 1 – Tabela 1 
 

Clinical and biochemical features of IR and IS groups*  
Klini~ki i biohemiski merewa kaj IR i IS grupa* 

 

 IR IS T-test 

parameter     mean   ±   SD     mean    ±  SD        p 

age 26.26 6.21 24.85 5.13     NS 

BMI (kg/m2) 33.65 4.78 32.09 3.97     NS 

WC (sm) 98.5 9.28 92.29 11.06     NS 

FSH(mU/ml) 5.25 1.92 5.91 2.47     NS 

LH(mU/ml)  7.8 5.83 8.51 4.73     NS 

E2(pg/ml) 62.77 53.94 53.86 39.37     NS 

Testosterone 
(nmol/l) 3.09 1 2.73 0.98     NS 

SHBG(nmol/l) 17.83 8.38 42.66 27.65 p = 0.0036 

FTI (%) 19.38 8.9 9.55 3.51 p = 0.001 

DHEA-S(µmol/l) 9.78 4.8 8.44 3.63    NS 

Progesterone 
(ng/ml) 2.41 2.5 7.05 8.04 p = 0.034 

Fasting  
Insulin (µU/ml) 26.26 7.94 12.72 4.08 p < 0.000001 

Fasting  
Glucose (mmol/l) 4.87 0.63 4.43 0.65 p < 0.01 

Fasting G/I ratio 
(mg/10-4U)   3.54 0.81 6.92 2.58 p < 0.000001 

*NS – not significant; NS ‡ nema signifikantnost. 
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Discussion 
 
 Using the fasting G/I ratios, our results indicate that 58.06 % of women 
with PCOS and BMI ≥ 25 (kg/m2), are insulin-resistant. Lego et al. [7] declared 
53 % insulin-resistant among obese, white women with PCOS. Fasting hyper-
insulinemia can also be used as a marker for IR, which is secondary to the pro-
foundly insulin-resistant. But we chose the fasting G/I ratio primarily because 
of its high sensitivity and specificity, and the possibility of application in every-
day clinical work.  
 SHBG levels in our study were significantly lower in the insulin-resis-
tant group in comparison with the insulin-sensitive group, with a correspon-
dingly higher free testosterone index. Reaven [8], comparing women with and 
without PCOS, points out the fact that SHBG is lower in PCOS subjects, witha 
future lowering among the subjects with IR. The hepatic production of SHBG is 
suppressed by hyperinsulinemia, this connecting it with the lower levels in the 
IR group. According to Jayagopal et al. [9], SHBG is a marker for insulin resis-
tance, which could be used for the identification of insulin-resistant individuals.  
 Women with PCOS have long-term health risks. Insulin resistance has a 
central role in these disorders. While the risk of cardiovascular diseases is in the 
fifth decade of their life (> 45 years), 40% have impaired glucose tolerance, and 
10% have diabetes mellitus type 2 in the fourth decade of their life. 
 Gambineri A. et al. [10] found in their study that SHBG is lower in obese 
women with PCOS and impaired glucose tolerance or diabetes mellitus type 2, 
compared with that in obese PCOS subjects with normal carbohydrate tole-
rance. According to Sutton-Tyrrel et al. [11], the low SHBG and high FTI are 
related to a higher risk of cardiovascular disorders. Ekrem et al. [12] concluded 
that diabetes mellitus type 2 is more frequently in patients with PCOS than in 
the general population of reproductive age and that in subjects with diabetes 
mellitus type 2, SHBG is lower than in those without diabetes. 
 If we estimate ovulation at the progesterone levels on the 21st day of the 
menstrual cycle, it is significantly lower in the insulin-resistant group, thus re-
sulting in a more frequent presence of oligo-ovulation/anovulation (whose clini-
cal presentation is oligomenorrhoea/amenorrhoea) in the group of PCOS women 
with IR. Solomon et al. [13, 14], in two separate studies, concluded that the women 
with an irregular menstrual cycle have a significantly higher risk of getting 
diabetes mellitus type 2 and cardiovascular diseases. They did not evaluate pro-
gesterone levels in their studies, and the conclusions were reached on the basis 
of the duration of the menstrual cycle. 
 The insulin sensitizer agents [15] biguanides and thiazolidinediones in-
crease peripheral insulin sensitivity, thus decreasing the degree of insulin resis-
tance and circulating insulin levels. The biguanid metformin is the most often 



 The frequency of insulin resistance calculated... 93 

Prilozi, Odd. biol. med. nauki XXVII/1 (2006) 87–95 

used insulin-sensitizer in the treatment of PCOS. Through the reduction of hy-
perinsulinemia it causes a significant increase in circulating SHBG levels, thus 
leading to a decrease of free androgens, stimulating ovulation and establishing a 
normal menstrual cycle. In this way it reduces risks of developing diabetes mel-
litus type 2 and cardiovascular diseases. 
 
 

Conclusion 
 
 A fasting glucose to insulin ratio is a simple, reliable, sensitive and spe-
cific measurement of insulin sensitivity in obese women and is a useful test for 
identification of IR in women with PCOS in daily clinical work. SHBG and 
progesterone (oligo-ovulation/anovulation) can be useful markers for long-term 
health risks in women with PCOS (diabetes mellitus type 2 and cardiovascular 
diseases). Using the fasting G/I ratio, we can identify the group of PCOS sub-
jects and, with measurement of SHBG and progesterone, its subgroups who 
would benefit from therapy with insulin sensitizers, with respect to the reduc-
tion of the risks of chronic complications.  
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R e z i m e 
 

FREKVENCIJATA NA INSULINSKATA REZISTENCIJA 
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REZISTENTNITE @ENI SO POLICISTI^EN 

OVARIJALEN SINDROM 
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 Policisti~en ovarijalen sindrom e naj~esto endokrinolo{ko naru-
{uvawe kaj `enite vo reproduktivna vozrast, koe se karakterizira so hiper-
androgenemija i hroni~na anovulacija. Perifernata insulinska rezistencija 
ima krucijalna uloga vo patogenezata na ova naru{uvawe. Glikoza/insulin 
odnosot na gladno e ednostavno, sigurno, senzitivno i specifi~no merewe na 
insulinskata senzitivnost i e korisen test za identificirawe na IR kaj obezni 
`eni so PCOS, koi treba da bidat tretirani so insulinski senzitajzeri. 

Na{ata studija be{e dizajnirana da se presmeta frekvencijata na 
IR pome|u pacientkite so PCOS, so koristewe na odnosot glikoza/insu-
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lin na gladno i da se kompariraat klini~kite i biohemiskite parametri, 
pome|u insulin rezistentnata i isulin senzitivnata grupa. Vo studijata 
bea vklu~eni 62 pacientki so PCOS. Dijagnozata PCOS e postavena spo-
red dijagnosti~kite kriteriumi od Rotterdam 2003, i toa so prisustvo na dva 
od slednite tri kriteriumi: oligo i/ili anovulacija; klini~ki i/ili labo-
ratoriski znaci za hiperandrogenizam; policisti~ni ovariumi. Kriterium 
za vklu~uvawe vo studijata be{e ITM ≥ 25(kg/m2). Po presmetuvawe na indek-
sot glikoza(mg/dl) / insulin(µU/ml), pacientkite se podeleni na dve grupi, i 
toa: insulin rezistentna grupa so G/I odnos na gladno < 4.5(mg/10-4U) i  
insulin senzitivna grupa  so G/I, odnos  ≥ 4.5(mg/10-4U).  
 Na{ite rezultati poka`aa deka 58,06% od `enite so PCOS i 
ITM ≥ 25(kg/m2), koristej}i go odnosot glikoza/insulin, se insulin rezis-
tentni. Ne postoe{e signifikantna razlika pome|u dvete grupi po odnos 
na vozrasta i ITM. SHVG be{e signifikantno ponizok kaj insulin rezi-
stentnata grupa  i soodvetno indeksot na sloboden testosteron be{e signi-
fikantno povisok, vo odnos na insulin senzitivnata grupa. Progesteronot 
be{e signifikantno ponizok vo IR grupata, {to sugerira deka vo grupata 
na PCOS `eni so IR oligo/anovulacija (koja klini~ki se prezentira so 
oligo/amenoreja) e po~esto zastapena. 
 Odnosot glikoza/insulin na gladno e ednostaven i korisen test za 
identifikacija na insulin rezistentnite obezni `eni so PCOS, vo sekoj-
dnevnata klini~ka rabota. Subjektite so nizok SBVG i nizok progesteron 
imaat zgolemen rizik od razvoj na dijabetes melitus tip 2 i kardiovasku-
larni zaboluvawa. Sleduva deka SHBG i progesteronot (oligo/anovulacija-
ta) mo`at da bidat korisni markeri za dolgoro~nite rizici po zdravjeto 
na `enite so PCOS.  
 So koristewe na G/I indeksot bi se identificirala grupata na 
PCOS subjekti, a so odreduvawe na SHVG i progesteronot i podgrupite, 
koi bi imale benefit od terapijata so insulinski senzitajzeri, pred s# vo 
odnos na namaluvawe na rizicite za razvivawe na hroni~ni komplikacii. 
 
Klu~ni zborovi: Policisti~en ovarijalen sindrom (PCOS); insulinska 
rezistencija (IR); glikoza/insulin (G/I); indeks na telesna masa (ITM); 
seks hormon vrzuva~ki globulin (SHVG). 
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