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Abst rac t
Introduction:  Obese woman with hirsutism have increased risk for developing insulin resistance and diabetes 
mellitus. 
Aim: To evaluate patients with hirsutism, report the hormone levels, body mass index (BMI), insulin resistance 
and diabetes in our study population and compare our results with those of similar research conducted in other 
countries.
Material and methods: Hormones were measured with radioimmunoassay/immunoradiometric assay methods. 
Oral glucose tolerance test was done only in a selected group of women (with positive anamnesis for diabetes, 
women with polycystic ovary syndrome (PCOS) and overweight/obese women). The level of blood glucose was 
measured after drinking the liquid containing 75 g glucose. Blood was taken to measure glucose, insulin and  
C-peptide levels after 30 min, 60 min and 3 h.
Results: Women with PCOS (27.4%) had higher BMI than women with other causes of hirsutism. Among 135 of the 
women with hirsutism, 9.6% were underweight, 60% were with normal weight, 20.7% were overweight and 9.6% 
were obese. Obesity was more frequent in PCOS and hyperandrogenism groups. Women with hirsutism had higher 
levels of androstenedione, dehydroepiandrosterone sulfate (DHEAS), total testosterone, free testosterone, lower 
levels of sex hormone-binding globulin (SHBG). Insulin resistance was present in 20 (14.8%) women and diabetes 
in 2 (1.4%) women.
Conclusions: Obesity was associated with increased hirsutism. In our study we found that insulin resistance should 
be assessed in hirsute women with PCOS regardless of their BMI as insulin resistance was found in hirsute women 
irrespective of whether they were overweight, obese, of normal weight or underweight. Groups at risk (hirsute, 
obese, diabetes) should be identified and treated.
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Introduction

Hirsutism is the medical term that refers to presence 
of excessive terminal hair in androgen-dependent areas 
of the female body. Especially among young women, hir-
sutism negatively influences psychological well-being. 
This is important because hirsutism is among the most 
frequent medical complaints. Although hirsutism gener-
ally reflects hormone imbalances, it can rarely be related 
to a life-threatening disorder [1]. 

It affects around 5–10% of women [2]. The cause is 
mainly hyperandrogenism, which may be ovarian or ad-
renal. It may be a part of a rare metabolic syndrome, drug 
induced, or just idiopathic [3].

Hyperandrogenism is most often caused by the poly-
cystic ovary syndrome. This diagnosis is made when 
there is otherwise unexplained chronic hyperandrogen-

ism and oligo-ovulation or anovulation. Documentation 
of polycystic ovaries is not necessary for the diagnosis of 
polycystic ovary syndrome but it is a criterion for it if evi-
dence of anovulation is lacking. About half of the cases 
are nonclassic – they lack some of the features classi-
cally associated with the syndrome (such as menstrual 
irregularity, polycystic ovaries, or obesity) – and thus the 
absence of some such features in a hirsute woman does 
not rule out the diagnosis. Polycystic ovary syndrome is 
associated with infertility and insulin resistance (mani-
fested as diabetes mellitus or the metabolic syndrome, 
a variably expressed cluster of findings, including cen-
tral obesity, hypertension, glucose abnormalities and 
dyslipidaemia) [4, 5]. Considering the heterogeneity of 
polycystic ovary syndrome (PCOS), the Rotterdam Con-
sensus has concluded that only obese women with PCOS 
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should be screened for the metabolic syndrome. How-
ever, hyperinsulinemia and insulin resistance may play 
a major role in the development of most cases of PCOS 
as hyperinsulinemia and insulin resistance precede hy-
perandrogenism [6].

Insulin resistance is worsened by the coexistence of 
obesity, which is also increased in the PCOS population. 
More than 40% of PCOS patients are obese. However, 
the insulin resistance is disproportionate to the obesity. 
Obese women with PCOS have greater insulin resistance 
than weight-matched control subjects or lean PCOS sub-
jects. This is associated with differences in fat distribu-
tion. Even in individuals with a non-obese body mass 
index (BMI), a higher waist-to-hip ratio is seen in those 
with PCOS compared to those without PCOS. This is 
supported by the higher proportion of visceral adiposity 
measured by ultrasound in lean PCOS patients compared 
to weight-matched control subjects [7].

Up to 27% of premenopausal women with type 2 dia-
betes also have PCOS [8].

Aim

Aim of this study was to evaluate patients with hir-
sutism, report the hormone levels, BMI, insulin resistance 
and diabetes in our study population and compare our 
results with those of similar research conducted in other 
countries. 

Material and methods

The prospective study included 160 women, 135 with 
hirsutism and 25 as a control group, aged 14–46 years. 
We took a detailed history (marital status, infertility, age 
of onset of hirsutism, duration of hirsutism, progression 
of hirsutism, age at menarche, menstrual irregularities, 
deepening of voice, increased muscle mass, androgen 
alopecia, galactorrhoea, decreased breast size, emotional 
and mental state, other disorders). 

Height, weight and a calculation of BMI was ob-
tained. The normal range of BMI was taken as 18–24.9 
kg/m2. Women with BMI 25–29.9 kg/m2 were labelled 
overweight and those having 30 kg/m2 or more were di-
agnosed as obese.

Evaluation of hirsutism was done according to Ferri-
man-Gallwey score, grading 11 androgen sensitive parts 
(upper lip, chin, chest, hand, arm, thigh, leg, upper part 
of the back, lower part of the back, upper part of the ab-
domen, lower part of the abdomen). Grading was done 
starting with 0 (total absence of terminal hair) up to  
4 (extended presence of terminal hair). The value of 8 or 
above 8 is considered as hirsutism. 

Hormones were determined with radioimmunoassay 
(RIA) and immunoradiometric assay (IRMA) methods. 
With RIA we measured hormones: estradiol, progester-
one, 17-OH-progesterone, total testosterone, free-testos-

terone, androstenedione, cortisol, DHEASO4, TSH, T3, T4, 
and with IRMA method: FSH, LH, prolactin, sex hormone-
binding globulin (SHBG) and ACTH. The substances used 
were produced by Immunotech (USA). Blood was taken in 
the early follicular phase, between 3rd and 5th day of the 
menstrual cycle (at 8 a.m. and 6 p.m.). The serum was 
separated by centrifugation and stored at –20°C. Blood 
for assessing the progesterone level was taken in the 
middle of the cycle. Oral glucose tolerance test (OGTT) 
was done in selected women (positive history for dia-
betes, PCOS and obesity). Blood glucose was measured 
after patients drank the liquid containing 75 g glucose. 
We took blood to measure glucose, insulin and C-peptide 
every 30 min and 60 min during a period of 3 h. 

Statistical analysis

The collected data were stored in a special database. 
Statistical processing was done with statistic packet In-
Stat 3. Numerical data were presented as the index of 
structure, arithmetic mean, standard deviation, mini-
mal value and maximal value. To test the differences 
between the groups, t-test, Mann-Whitney test, c2-test, 
One Way ANOVA, Kruskal Wallis test and Fisher exact 
test were conducted with a significance level of p < 0.05.

Results

We studied the group of 160 women, aged from 14 to 
46 years, 130 with hirsutism and 25 as the control group. 
In the control group, 19 or 76% of women had normal 
weight and 6 or 24.0% were overweight. In the hirsutism 
group, 81 or 60.0% had normal weight, 28 or 20.7% were 
overweight, 13 or 9.6% were obese and 13 or 9.6% were 
underweight (Table 1).

The mean value of BMI of the total number of women 
was 23.6 ±4.6 kg/m2, the range was 10.2–40.1 kg/m2. The 
mean BMI of women with hirsutism was 23.7 ±4.9 kg/m2, 
the range was 10.2–40.1 kg/m2. The value of BMI of wom-
en in the control group was 23.2 ±2.6 kg/m2, the range 
was 18.7–28.5 kg/m2. Using the Mann-Whitney test we 
did not find any statistical significance between mean 
value of BMI (p > 0.05) (Table 2). 

In women with hirsutism, in 18.5% of cases, the value 
of insulin in 0 min was increased, in 18.5% it was de-
creased and in 63.0% it was normal. The mean value 
of insulin in 0 min was 10.6 ±8.4 µIU/ml, the range was 
2.3–45.4 µIU/ml. In 22.2% of cases, the value of insulin in 
30 min was increased, in 33.3% it was decreased and in 
44.4% it was normal. The mean value of insulin in 30 min 
was 60.2 ±41.8 µIU/ml, the range was 5.9–147.9 µIU/ml.

In 37.0% of cases the value of insulin in 60 min was 
increased, in 33.3% it was decreased and in 29.6% it was 
normal. The mean value of insulin in 60 min was 52.7 
±40.4 µIU/ml, the range was 7.6–190.1 µIU/ml. In 25.9% of 
cases, the value of insulin in 120 min it was increased, in 
29.6% it was decreased and in 44.4% it was normal. The 
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mean value of insulin in 120 min was 24.7 ±27.9 µIU/ml,  
the range was 2.8–118.9 µIU/ml. In 18.5% of cases, the 
value of insulin in 180 min was decreased, in 7.4% it was 
increased and in 74.1% it was normal. The mean value of 
insulin in 180 min was 8.9 ±10.2 µIU/ml, the range was 
1.7–45.2 µIU/ml (Table 3).

BMI was higher in PCOS and hyperandrogenism. 
There were no significant differences in BMI between ae-
tiology groups/these groups (p = 0.917). 13.5% of women 
with PCOS, 13.5% with non-classical congenital adrenal 
hyperplasia (NCCAH) and 14% of women with idiopathic 
hyperandrogenism were obese. There were significant 
differences between these groups (p < 0.05). The insu-
lin level was higher in the hyperandrogenism group and 
the PCOS group (Figure 1). There were no significant dif-
ferences in the insulin level between aetiology groups  
(p = 0.779). Testosterone levels were higher in hyperan-

Table 1. Body mass index (BMI) in the study group of women 
and the control group

BMI Study group Control group Total

N % N % N %

Underweight 13 9.6 – – 13 8.1

Normal 81 60.0 19 76.0 100 62.5

Overweight 28 20.7 6 24.0 34 21.3

Obese 13 9.6 – – 13 8.1

Total 135 100.0 25 100.0 160 100.0

Table 2. Parameters of body mass index (BMI) in the 
study group and the control group 

Parameter Study group Control group Total

N 135 25 160

Mean value 23.7 23.2 23.6

SD 4.9 2.6 4.6

Min. 10.2 18.7 10.2

Max. 40.1 28.5 40.1

Mann-Whitney test p = 0.832  

Table 3. The level of insulin in women with hirsutism (study group) in 0, 30, 60, 120, 180 min

Insulin [µIU/ml] Insulin 0 min Insulin 30 min Insulin 60 min Insulin 120 min Insulin 180 min

N % N % N % N % N %

Decreased 5 18.5 9 33.3 9 33.3 8 29.6 5 18.5

Normal 17 63.0 12 44.4 8 29.6 12 44.4 20 74.1

Increased 5 18.5 6 22.2 10 37.0 7 25.9 2 7.4

Total 27 100.0 27 100.0 27 100.0 27 100.0 27 100.0

Mean 10.6 60.2 52.7 24.7 8.9

SD 8.4 41.8 40.0 27.9 10.2

Min. 2.3 5.9 7.6 2.8 1.7

Max. 45.4 147.9 190.1 118.9 45.2

Figure 1. Obese women with hirsutism, PCOS and insulin 
resistance

Table 4. Clinical characteristics of the study group

Parameter IH (n = 29) HA (n = 43) PCOS (n = 37) NCCAH (n = 26) P-value Significant

BMI, mean ± SD 23.3 ±5.0 23.7 ±5.1 24.5 ±5.4 23.1 ±3.9 0.917 NS

Obesity (%) 2 (6.9%) 6 (14.0%) 5 (13.5%) 5 (13.5%) – S

Insulin [µIU/ml] 9.8 ±8.3 11.6 ±6.5 11.4 ±10.5 8.0 ±2.1 0.779 NS

C-peptide [ng/ml] 5.2 ±2.9 3.1 ±1.1 3.0 ±2.4 2.0 ±0.2 0.096 NS

Testosterone [nmol/l]  2.4 ±0.7 4.4 ±1.8 3.7 ±1.2 4.1 ±1.7 < 0.0001 S

The differences between the groups, t-test, Mann-Whitney test, c2-test, One Way ANOVA, Kruskal Wallis test and Fisher exact test were conducted with a sig-
nificance level of p < 0.05. IH – idiopathic hirsutism, HA – hyperandrogenism, PCOS – polycystic ovary syndrome, NCCAH – non-classical congenital adrenal 
hyperplasia.
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drogenism and PCOS groups, there were significant dif-
ferences between aetiology groups (p < 0.0001) (Table 4).

Women with hirsutism had higher levels of andro-
stenediones (55.6%), dehydroepiandrosterone sulfate 
DHEAS (22.2%), free testosterone (13.3%), and lower lev-
els of SHBG (41.5%). Insulin resistance was present in  
20 (14.8%) women and diabetes in 2 (1.4%) women.

Discussion 

Adipose tissue contains a wide spectrum of enzymes 
involved in steroid metabolism and contributes up to 
50% of the circulating testosterone in premenopausal 
women [9].

The increased frequency of hirsutism in obese wom-
en may be explained by the production of excess andro-
gens in their adipose tissue. The insulin resistance and 
increased insulin level of serum is a metabolic conse-
quence of obesity [10–12].

In this study 81 or 60.0% of women with hirsut-
ism were with normal weight, 9.6% were underweight; 
20.7% were overweight, and 9.6% of women with hir-
sutism were obese. In the control group, 6 women were 
overweight, and there was no significant difference be-
tween the group with hirsutism and the group without 
hirsutism. So, there are not many similarities with Azziz  
et al.’s and Farahnaz et al.’s studies [13, 14] because in 
our sample there were less obese women.

Hyperinsulinemia acts as co-gonadotropin with LH to 
increase androgen production by ovarian theca cells as the 
ovary remains sensitive to the action of insulin [15]. Ad-
ditionally, insulin suppresses hepatic production of SHBG, 
leading to marked elevation of free or unbound plasma 
testosterone [16]. But obesity is not always linked to in-
sulin resistance. In our study underweight hirsute women 
had insulin resistance. Nermeen et al. in their study includ-
ed 30 patients with idiopathic hirsutism (IH) and normal 
weight, 16 of them had insulin resistance [17].

In our study, 14% of women with hyperandrogenism 
were obese, 13.5% of women with PCOS were obese. BMI 
mean values of different aetiology groups tested with 
Mann-Whitney test, did not show any statistical signifi-
cance (p > 0.05).

Azziz et al. in their study found that more than 58.2% 
of women were obese, 1.8% were underweight, 20.6% 
were with normal weight, 19.4% were overweight, 18.7% 
were slightly obese, 17.6% were moderately obese and 
21.9% were severely obese [13]. Naein et al. included 800 
women in their study, of which 400 with hirsutism, and 
proved that hirsutism was more common among wom-
en with high BMI [14]. Guzel et al. in their study found 
that BMI was higher among hirsute women than among 
women without hirsutism [18].

OGTT was done in selected women (positive history 
of diabetes, PCOS and obesity). Women with hyperan-
drogenism and women with PCOS had higher levels of 

glucose and insulin, whereas women with NCCAH had 
lower levels. The highest level of C-peptide was noted 
rather in women with idiopathic hirsutism. Insulin resis-
tance (as the prediabetic state) was noticed mostly in 
women with PCOS (of the 37 women with PCOS, insulin 
resistance was present in 10 or 71.4%), the least among 
women with idiopathic hirsutism. Diabetes mellitus type 
1 was present in one woman (0.7%) and diabetes mel-
litus type 2 was also present in one woman (0.7%).

Unluhizarci et al. in their study found that glucose 
tolerance was present in 10 women (21.7%), impaired 
glucose tolerance was present in 8 women (17.4%) and 
2 women (4.3%) had diabetes mellitus [19], these results 
are similar with our results. While in a study of Ehrmann 
et al., 35% of women with PCOS had glucose intolerance 
and 10% of women had diabetes mellitus [20]. Saksena 
et al. showed that in women with PCOS, 4.7% had ab-
normal OGTT [21]. These results are lower than ours. So, 
women with PCOS have a greater risk of developing in-
sulin resistance and diabetes mellitus type 2.

Conclusions

Obesity was associated with increased hirsutism. In 
our study we found that insulin resistance should be as-
sessed in hirsute women with PCOS regardless of their 
BMI as insulin resistance was found in hirsute women 
irrespective of whether they were overweight, obese, 
normal weight or underweight. Groups at risk (hirsute, 
obesity, diabetes) should be identified and treated.
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