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 Hirsutism is a distressing medical problem for women. Most of hirsutism in women 
is associated with excess androgen, and most cases have PCOS as an underlying cause.Which 
androgen to be used to evaluate clinical or biochemical hyperandrogenism in women with PCOS 
is still debated. There are a small number of studies that evaluated androgens in women with 
PCOS having hirsutism with conflicting results. The Objective of this study was to determine 
which androgen predict hirsutism in women with polycystic ovary syndrome (PCOS). A case-
control study was done in Faiha Specialized Diabetes, Endocrine, and Metabolism Center 
(FDEMC), Basrah, Iraq. A total of 130 women with PCOS (based on Rotterdam criteria) and 
70 healthy controls of comparable age (16-40 years) were investigated for androgens (total 
testosterone, free testosterone, DHEA-S) using Electrochemiluminescence technology assay; 
excess hair was examined according to the modified Ferriman-Gallwey (mFG) score and a 
cut-off value of 8 defined hirsutism. In the three groups of women, the first (n=100) included 
PCOS with hirsutism, the second (n=30) PCOS without hirsutism, and the third (n=70) women 
without PCOS or hirsutism as healthy control, hirsutism was seen in about 77 % of PCOS 
women mostly of moderate severity; High TT, FT, DHEA-S, and overall androgens were seen 
in 69%, 76%, 37%, and 99% respectively of our PCOS women with hirsutism. No correlation 
was found between TT, FT, and DHEA-S and the mFG score. This study provides evidence that 
presence of hirsutism in women with PCOS was associated with a higher level of biochemical 
hyperandrogenism than seen in PCOS without hirsutism; however, there was no correlation 
between the studied androgens and mFG score.

Keywords: Polycystic Ovary Syndrome, biochemical hyperandrogenism, 
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 Hirsutism is adistressing medical problem 
for women. Overall, it affects about 5-15% of 
women1, it is usually associated with cosmetic 
concern, emotional distress, and depression2, and 
is typically a feature of an underlying condition 
mostly of hormonal disturbance origin3. Hirsutism 

can be described as terminal (thick and dark) hair 
in the face and /or body of women in areas usually 
having little or no hair1. In 1981, Hatch, Rosenfield, 
Kim, and Tredway revised the initialvisual score 
that introduced in 1961 by Ferriman and Gallwey, 
where nine body areas used, each is graded from 
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nil (no substantial terminal hair growth) to four 
(considerable terminal hair growth) and then 
added up to a total score of the modified Ferriman-
Gallwey(mFG), which is the standard scoring scale 
for hirsutism currently in use4.
 Most of hirsutism in women is associated 
with excess androgen (up to 85%), and most cases 
(around 70 – 80%) have PCOSas an underlying 
cause. Other causes of hirsutism constitute about 
10 – 15 % and include idiopathic hirsutism, thyroid 
dysfunction, hyperprolactinemia, congenital 
adrenal hyperplasia, Cushing disease, acromegaly, 
ovarian and adrenal tumors5.
 PCOS is an endocrine condition observed 
during the fertile life of females, with a 6 – 
15 % prevalence that varies according to the 
diagnostic criteria used6. Hyperandrogenism, 
chronic anovulation, and polycystic ovarian 
morphology(PCOM)are characteristic of PCOS7.
 The European Society for Human 
Reproduction and Embryology (ESHRE) and the 
American Society for Reproductive Medicine 
(ASRM) have proposed the PCOS diagnosis 
needs two out of the following three features- the 
Rotterdam criteria8:
• Ovulatory dysfunction refers to oligomenorrhea 
(cycles approximately 35 days apart or nine 
cycles or less per year) or amenorrhea (absence of 
menstruation 6 to 12 months after a cycle).
• Clinical or biochemical hyperandrogenemia.
•  Po lycys t ic  ovar ies  (as  descr ibed  on 
ultrasonography): 12 or more follicles in at least 
one ovary with a diameter of 2-9 mm and/ora total 
volume of an ovary greater than 10 mL.
 Before diagnosing PCOS, disorders 
can lead to ovulatory dysfunction such as 
hyperprolactinemia and thyroid dysfunction, 
and those with androgen excess,including 
non-classic congenital adrenal hyperplasia 
(NC-CAH), should be omitted. In women, 
the ovaries release androstenedione,T, and 
dehydroepiandrosterone(DHEA)under the 
influence of pituitary luteinizing hormone (LH); the 
adrenal glands produce androstenedione, T, DHEA, 
and dehydroepiandrosterone sulfate (DHEA-S) 
under the control of pituitary adrenocorticotropic 
hormone (ACTH).In peripheral tissues (liver, 
skin, and adipose tissue), the androstenedione 
and DHEA(ovaries and adrenals), and DHEA-S 
(adrenals) can be converted into T. Approximately 

98 – 99 % of circulating T is bound to sex 
hormone-binding globulin (SHBG) and albumin; 
the remainder1-2 % is the free testosterone (FT), 
which is bioactive androgen that will be converted 
into DHT by the 5alpha-reductase enzymes in the 
target tissue. This DHT has a higher affinity for 
androgen receptors found in the dermal papilla cells 
and the hair follicle’s outer root sheath to produce 
longer thick hair9.
 The suggested fundamental physiological 
abnormality in women with PCOS is the increased 
intensity and frequency of the LH pulse caused 
by increased pulsatile gonadotropin-releasing 
hormone (GnRH) secretion, resulting indirect 
stimulation of ovarian theca cells to generate 
androgens7. In 2008, the Endocrine Society 
proposed testing women with abnormally high 
mFG score for elevated androgen levels(10).In 
2012, the Androgen Excess and Polycystic Ovary 
Syndrome Society (AE-PCOS) also recommended 
hormonal analysis for women with a highhirsutism 
score (1).There are a small number of studies 
that evaluated androgens in women with PCOS 
having hirsutism with conflicting results11-13. The 
study aims to investigate TT, FT, and DHEA-S as 
biochemical markers for hirsutism in women with 
PCOS.
Patients and method
Design and participants
 A case-control study was conducted on 
200 women of reproductive age (16-40 years) 
at Faiha Specialized Diabetes, Endocrine, and 
Metabolism Center (FDEMC) in Basrah, Iraq 
from September 2019 to September 2020. It was 
composed of three groups: the first group (n=100) 
included women with PCOS and hirsutism, the 
second group (n=30) women with PCOS but no 
hirsutism, and the third group (n=70) women 
without PCOS or hirsutism as healthy control 
(Figure1).
 Basrah College of Medicine Ethics 
Committee had approved the study protocol, 
and participants gave written informed consent. 
Pregnant and lactating women were excluded as 
patients with liver and kidney diseases.
Clinical evaluation
 Participants medical history focused onage 
at menarche,childbearing history, menstrual cycle 
length, and regularity, presence of galactorrhea,the 
appearance of excess hair in the face and body, and 
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the use of medications that may affect hormone 
parameters during the last three months prior 
entering the study like oral contraceptive pills and 
glucocorticoids.
 Bodyweight(kg) and height(cm) were 
measured, and body mass index (BMI) was 
calculated by the Quetelet’s Index formula. Physical 
examination included assessing the amount and 
distribution of terminal hair according to the mFG 
score by the same trainednurse14.Women who had 
removed the excess hair were informed to come 
later for a more reliable hair score assessment 
(12 weeks after laser therapy, four weeks after 
depilation or waxing, and five days after shaving)15. 
PCOS diagnosis was proposed by the Rotterdam 
criteria8. Ovulatory dysfunction was labeled as 
oligomenorrhea (cycles e” 35 days apart or d”9 
cycles per year) or amenorrhea (absence of menses 
for 6 -12 months after an established cycle)16. 
The study define dhyperandrogenism clinically 
by the presence of hirsutism with the mFG score 
equal to or more than 85. PCOM was determined 
by transabdominal pelvic ultrasonography. The 
diagnosis of PCOS was only made after excluding 
hyperprolactinemia, thyroid dysfunction, Cushing’s 

syndrome, and NC-CAH by relevant clinical and 
laboratory analysis, including prolactin (PRL), 
thyroid-stimulating hormone (TSH), cortisol, 
ACTH, and 17-hydroxyprogesterone(17-OHP).
Laboratory tests
Basal hormone measurement
 On the second to the seventh day of 
menses (for women with regular menstrual cycles 
or at any day for those with irregular ones), fasting 
venous blood samples (4 mL in clot-activator gel 
tube and 3 mL in EDTA tube) were collected at 
8:00-10:00 am. After separation by NUVE-NF 
800 at 4100 RPM, TT, DHEA-S, PRL, SHBG, 
TSH, cortisol, ACTH, and albumin were tested 
by Electrochemiluminescence (ECL) technology 
assay (Cobas e 411analyzer-Roche, Germany), 
17-OHP was measured by  Enzyme-linked 
immunosorbent assay (ELISA) method (BioTek-
USA).Our study normal androgens level were 
15-46 ng/dL for TT(d” 6% CV), 0.13-0.56 ng/dL 
for calculated FT(<6% CV), and 18-86 nmol/L 
for SHBG(< 4% CV)(17).FT  was calculated 
from TT, SHBG, and albumin, according to the 
Vermeulen equation(18).Reference ranges for 
other hormonal parameters used were those of 

Fig. 1. ROC of androgens in women having PCOS with hirsutism.
ROC, receiver operating characteristic curve; TT, total testosterone; FT, free testosterone; DHEA-
S,dehydroepiandrosterone sulfate.
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the FDEMC laboratory;DHEA-S 145-395 µg/
dL(<5%CV) for women age 18-19, 65-380 µg/dL 
for women ages 20-29,45-270 µg/dL for women 
ages 30-40,PRL 4-30ng/mL(d”5%CV), TSH 
0.27-4.2µIU/mL(<5%CV), cortisol 5-25 µg/dL 
(<6%CV), ACTH 10-60 pg/ mL(<5%CV),and 
17OHP d”495ng/dL (<10%CV).
Ovarian ultrasonography
 The sameradiologist examined the 
participants for PCOMusing a 4.0 MHz trans-
abdominal transducer. The presence of PCOM was 
based on visualization of e”12 follicles in one ovary 
measuring 2-9 mm in diameter over the peripheral 
stroma, and/or increased an ovarian volume of 
10 mLor more at day two-seven of mensuration 
in women with regular menstrual cycles or at 
any day for those with irregular menses19. In our 
study, the ultrasonic exanimation of the pelvis was 
transabdominal, not the trans-vaginal one.
Statistical analyses
 Statistical analysis was done by Statistical 
package for social science software (SPSS 
Inc. Chicago, IL, USA) version 25.Using the 
Kolmogorov – Smirnov method, we tested the 
distribution of all continuous variables. Since 
the data were normally distributed, continuous 
variables were presented as mean ± standard 

deviations. Different study group’s means were 
compared using the ANOVA with post hoc. 
Categorical variables were summarized in number 
and percentage. A Chi-square test and Fishier Exact 
test were used to compare categorical groups. 
Correlations between continuous variables were 
analyzed with Pearson’s correlation. P-value <0.05 
was considered statistically significant.

ReSuLtS

 The features of the 200 participants 
included in the study are presented in Table1. The 
mean age (±SD) for the first group (women with 
PCOS and hirsutism) was 24 (±6), for the second 
group (women with PCOS without hirsutism) was 
26 (±8), and for the third group (women without 
PCOS or hirsutism) was 26(±7)with no significant 
difference among the groups (p=0.17), so the three 
groups of participants were age-matched. BMI for 
the first group was 32(±5.9), for the second group 
was 27.4 (±3.5), and for the third group was 26.9 
(±5.7), with a significant statistical difference of 
the first group from the second and third (<0.001), 
and between the first and third groups(<0.001), but 
there was no significant difference between the 
second and third groups (p=0.6). Hirsutism score 

table 1. Age, BMI and hirsutism score ofstudy groups n=200

Variables PCOS with hirsutism PCOS with no hirsutism no PCOS, no hirsutism p-value
 n=100 n=30 n=70
 Mean± SD Mean± SD Mean± SD 

Age (years) 24±6 26±8 26±7 0.17
BMI (kg/m2) 32±5.9 27.4±3.5 26.9±5.7 <0.001
mFG score 19 ± 5 5 ± 2 3 ± 2 <0.001

PCOS, polycystic ovary syndrome; SD, standard deviation; BMI, body mass index; mFG, modified Ferriman-Galloway.

table 2. The mean of androgens in study groups n=200

Androgen PCOS with hirsutism PCOS with no hirsutism no PCOS, no hirsutism p-value
 n=100 n=30 n=70
 Mean± SD Mean± SD Mean± SD 

TT (ng/dL) 50.2±10 39.3±6.3 23.7±7.6 <0.001
FT (ng/dL) 1.04±0.29 0.43±0.07 0.33±0.1 <0.001
DHEA-S (µg/dL) 323.3±99.5 209.8±68 200.6±63.3 <0.001

PCOS, polycystic ovary syndrome; SD, standard deviation; TT, total testosterone; FT, free testosterone; DHEA-S, 
dehydroepiandrosterone sulfate.
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table 3. High Androgens in Participants n=200

Androgens                                 PCOS with                   PCOS with  no                         PCOS,  p-value
level                                           hirsutism                      no hirsutism                       no hirsutism 
                                                    n=100                              n=30                                   n=70
 n % n % n % 

High TT 69 69 3 10 0 0 <0.001a

High FT 76 76 10 33.3 0 0 <0.001b

High DHEA-S 37 37 0 0 0 0 <0.001c

High overall androgens 99 99 11 36.7 0 0 <0.001d

PCOS, polycystic ovary syndrome; TT, total testosterone; FT, free testosterone; DHEA-S, dehydroepiandrosterone sulfate.a 
for high TT levels, there was a significant difference between first and second groups (p <0.001). Thesignificance between 
other groups was not applicable.b for high FT levels, there was a significant difference between first and second groups (p 
<0.001). The significance between other groups was not applicable.c for high DHEA-S levels, statistical deference calculation 
was not applicable.dfor any biochemical hyperandrogenism, there was a significant difference between first and second groups 
(p <0.001). The significance between other groups was not applicable.

table 4. Pearson correlation between 
androgen parameters (TT, FT, and DHEA-S)

Variable r statistics p-value

TT 0.099 0.32
FT 0.072 0.47
DHEA-S 0.202 0.053

r, Pearson correlation coefficient; TT, total 
testosterone; FT, free testosterone;DHEA-S, 
dehydroepiandrosterone sulfate.

for the first group was 19 (± 5), for the second group 
was 5 (± 2) and for the third group was 3 (± 2), with 
a significant statistical difference of the first group 
from the second and third (<0.001), and between 
the first and third groups(<0.001), and there was a 
significant difference (< 0.01) between the second 
and third groups.
 The mean TT (±SD), for the first group, 
was 50.2ng/dL (±10), for the second group was 
39.3ng/dL (±6.3) and for the third group was 
23.7ng/dL (±7.6).The mean FT(±SD), for the 
first group, was 1.04ng/dL (±0.29), for the second 
group was 0.43ng/dL (±0.07) and for third one was 
0.33ng/dL (±0.10).The mean DHEA-S (± SD), for 
the first group, was 323.3µg/dL (±99.5), for the 
second group 209µg/dL (± 68), and the third group 
was 200.6µg/dL (±63.3), as shown in Table2.
 The post hoc tests of mean androgen 
comparison of the study groups revealed the 
following: for TT, there was a significant difference 
between the first group and the second group 

(<.001), and between the first group and the 
third one (<0.001). Also, there was a significant 
difference between the second group and the third 
one (<.001). 
 Regarding FT, again, there was a 
significant difference between the first group 
and second group (<0.001), and between the first 
group and the third one (<0.001), but there was no 
significant difference between the second and third 
groups (p=0.52).
 In the case of DHEA-S, there was a 
significant difference between the first group and 
second group (<0.001) and between the first group 
and the third one (<0.001). But, no significant 
difference between the second and third groups 
(p=0.6).
 The number of participants witha high 
androgen level is shown in Table3.In the group 
of women with PCOS and hirsutism, there 
were69patients(69%) with high TT, 76patients 
(76%) with high FT, and 37(37%) patients with 

high DHEA-S. In women with PCOS and no 
hirsutism, three patients (10%) had high TT,and ten 
patients(33.3%) had high FT,while none of them 
had high DHEA-S level. In the group of women 
without PCOS or hirsutism, none of the participants 
had an abnormally high TT or FT or DHEA-S. High 
overall androgens was seen in 84.61 % of women 
with PCOS (n=130), in99 % of the women with 
hirsutism, and 36.7% of women with PCOS but no 
hirsutism enrolled in the study.
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 For women with PCOS who had hirsutism 
in the study group, the severity of hirsutism was 
mild in 29 patients (29%),moderate in 59 patients 
(59%), and severe in 12 patients (12%).
 Figure1. shows the receiver operating 
characteristic (ROC) curves for androgen marker; 
the cut-off values determined from the ROC curve 
together with diagnostic sensitivity and specificity.
 In our patients, TT showed a ROC curve 
of a good accuracy (area under the curve AUC 
= 0.944, SE = 0.013, 95%CI (0.918 – 0.970)
and,p<0.001. A TT of 44.3 ng/dL or more had 
78% sensitivity and 90% specificity for hirsutism 
in women with PCOS.
 The FT showed a ROC curve with 
excellent accuracy (area under the curve AUC 
=1.000, SE=0.0001, 95%CI (1.000-1.000) and 
p<0.001. An FT of 0.54ng/dL or more had 100% 
sensitivity and 85% specificity for hirsutism in 
women with PCOS in the study sample.
 While, DHEA-S showed a ROC curve of 
a good accuracy (area under the curve AUS= 0.839, 
SE=0.026, 95%CI (0.788-0.891) and p<0.001. A 
DHEA-S of229 µg/dL or more had 81% sensitivity 
and 70% specificity for hirsutism in women with 
PCOS in the study sample.
 The correlation between biochemical 
markers and hirsutism is illustrated in table 4.
 A negligible correlation was noted 
between the hirsutism score and measured 
androgens (TT, FT, and DHEA-S).

DiSCuSSiOn

 Hirsutism is usually a sign of different 
medical conditions, and PCOS accounts for about 
80% of them(1),where it is considered a useful 
marker of biochemical hyperandrogenism5. In 
this study, we investigated biochemical markers 
in women with PCOS to predict hirsutism. The 
mean age of the enrolled women with PCOS and 
hirsutism was 24±6 years, which coincided with 
the finding of a previous study from the same 
center on women in Basrah in 201720. There was 
a significant difference in BMI between the group 
of women with PCOS and hirsutism and other 
groups (women with PCOS without hirsutism and 
women in the control group).A similar finding 
of asignificantly higher BMI in 409 women with 
PCOS than 7057 women in the non-PCOS group 

was seen in a population-based observational study 
in 201321. The high prevalence of obesity in our 
data among women with PCOS may represent an 
overall obesity trend in our localitypopulation22. 
 The mean mFG score for enrolled women 
in different study groups was comparable to that 
seen by an Italian study in 200623; the difference 
in means of hirsutism score between the groups of 
women with no hirsutism in the study although it 
was statistically significant, but clinically was not 
significant as the scores were below the cut-off that 
defined hirsutism used during enrollment.
 We observed higher mean values for TT, 
FT, and DHEA-S in PCOS groups than non-PCOS, 
which was also seenin Turkish and Italian studies 
in 2011 and 201624, 25.
 Women with hirsutism had significantly 
higherandrogens mean values than women 
without hirsutism, a finding similar to a study 
from the Aristotle University of Thessaloniki, 
Greece,in201326.  
 The high androgen levels seen in women 
with PCOS were comparable to a study by Chang 
and colleagues in 2005,where TT, FT, and DHEA-S 
were high in about 50%, 88%, and 34% of women 
with PCOS, respectively11, and to Ibanez and 
associates study in2017, whereabout 70% of 
women with PCOS have elevated FT, and 20 - 30% 
have high DHEA-S27.
 Women with hirsutism in our data had 
higher TT, FT, and DHEA-S levels,which were 
higher than those seen by some authors28, 29; the 
different biochemical assay methods used for 
androgen estimation and different cut-off values 
used in the study can explain the diversity in 
androgens levels.
 In a systematic review published in 
2006, biochemical hyperandrogenism was 
found in approximately 60-80% of women with 
PCOS,which was comparable toour result30.
 The documented strong association 
b e t w e e n  h i r s u t i s m  a n d  b i o c h e m i c a l 
hyperandrogenism5 was also seen in our study, 
where overall high androgens noted in almost all 
women included with hirsutism.
 Hirsutism was identified in aboutthree-
quarters of women with PCOS in our study, and 
this was consistent with similar studies from Saudi 
Arabia and Turkey12, 31. Hirsutism was mild in one-
third of patients, moderate in about two-third, and 
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severein less than one-fifth of patients, which was 
also seen by Chhabra and co-workers in2012who 
founded mild hirsutism in 32.5%, moderate scores 
in 52.5%, and a severe degree in 15%32.
 Although the DHEA-S role in PCOS is not 
yet well clarified,several studies have documented 
high DHEA-S in about 20-30 percent of patients 
with PCOS, which was consistent with our 
findings. However, this does not necessarily reflect 
an excess adrenal function; it may result from 
DHEA conversion or represent an inherited genetic 
abnormality, so interpretation needs caution33.
 An Italian cross-sectional study in 2016 
showed that the percentages of women with 
PCOS and hirsutism who had elevated DHEA-S 
were higher than women with PCOS and no 
hirsutism with even increased serum mean values 
as established in our study24.
 The current study cut-off values for 
TT, FT, and DHEA-S were different from those 
proposed by the University of Duisburg-Essen 
in 2007 and a Chinese cross-sectional in 201234, 

35.This difference in cut-off values can be explained 
by either different assay methods for androgens 
measure mentor various PCOS phenotypes.
 No significant correlation was reported 
in this study between the androgens (TT, FT, 
and DHEA-S) and hirsutism score, as was seen 
in several other studies13, 23, 24, and this can be 
explained by the fact that the local androgens level, 
the sensitivity of the pilosebaceous units, and the 
activity of androgen receptor are the principal 
determining factors for hirsutism severity rather 
than the level of circulatingandrogens36.
 The study limitations were recruitment 
of women was from a tertiary referral center and 
thus may not sufficiently represent the general 
population, and TT was measured by ECL rather 
than the liquid chromatography with tandem mass 
spectrometry method.

COnCLuSiOn

 since it demonstrated the highest 
sensitivity and specificity in the study, we 
recommend FTas a valuable marker for hirsutism in 
women with PCOS, even though we couldn’t find 
a correlation between any of the studied androgens 
with hirsutism severity.  
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