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Abstract

Öz

Amaç: Androgenetik alopesi (AGA) patogenezinde androjenlerin etkisi bilinmektedir. Çalışmalar ultrasensitif serum prostat spesifik antijen 
(PSA) analizinin hirsutizmli kadınlarda hiperandrojenizmin bir biyokimyasal belirteci olabileceğini göstermiştir. Bu nedenle AGA’lı kadınlarda 
serum PSA değerlerinin, androjenlerin hedef organlardaki etkisinin bir belirteci olarak kullanılabileceği düşünülmektedir. Bu çalışmanın amacı 
AGA’lı kadın hastalarda serum PSA düzeylerini araştırmaktır.
Gereç ve Yöntem: Araştırma kapsamında toplam 100 AGA’lı kadın hasta ve 67 sağlıklı kadın gönüllü incelendi. Hastaların AGA tanısı öykü, 
dermatolojik muayene ve saç çekme testi ile konuldu. Hastalık şiddeti Ludwig evrelemesine göre sınıflandırıldı. Total ve serbest PSA “Roche 
Cobas e 601 immünoassay analizörde elektrokemilüminesans immünoassay” yöntemiyle çalışıldı.
Bulgular: Çalışmaya alınan hastaların 29’unda (%29) Ludwig 1, 64’ünde (%64) Ludwig 2, 7’sinde (%7) Ludwig 3 düzeyinde AGA tespit edildi. 
Total testosteron hasta grubunda kontrol grubuna göre anlamlı olarak yüksek bulundu (p=0,03). Serbest PSA, total PSA, prolaktin, ferritin, 
kortizol, folikül uyarıcı hormonu, lüteinleştirici hormon, östradiol düzeyleri hem hasta hem de kontrol gruplarında normal sınırlar içindeydi ve 
her iki grup arasında anlamlı bir fark bulunmadı.
Sonuç: Çalışmamızda AGA’lı kadın hastalar ve sağlıklı kontrol grubu arasında serbest PSA (p=0,084) ve total PSA (p=0,285) serum düzeyleri 
açısından anlamlı farklılık bulunmadı. Bu konuda geniş hasta gruplarında yapılacak çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: Prostat spesifik antijen, androgenetik alopesi, Ludwig

Background and Design: The role of androgens in androgenetic alopecia (AGA) patogenesis is well known. Studies set forth that ultrasensitive 
serum prostate specific antigen (PSA) analysis could be a biochemical marker of hyperandrogenism in women with hirsutism. Serum PSA levels 
in women with AGA can be used as an indicator of the effect of androgens in target organs. The aim of this study was to investigate serum 
PSA levels in women with AGA.
Materials and Methods: A total of 100 female patients and a voluntary group of 67 healthy women were evaluated in this research. The 
diagnosis of AGA was established through history, dermotological evaluation and hair pull test. The degree of hair loss was categorized using 
the Ludwig scale. Total and free PSA were measured by an “Roche Cobas e 601 immunoassay analyser using the electrochemiluminescence 
immunoassay” method.
Results: Twenty-nine patients (29%) had Ludwig 1, 64 (64%) had Ludwig 2, and 7 (7%) had Ludwig 3 hair loss. Total testosterone level 
was significantly higher in patient group than in control group (p=0.03). The levels of free PSA, total PSA, prolactin, ferritin, cortisol, follicle-
stimulating hormone, luteinizing hormone, and estradiol were within the normal limits in both patient and control groups and there was no 
statistically significant difference between the groups (p>0.05).
Conclusion: In our study, there was no statistically significant difference in serum free PSA (p=0.084) and total PSA (p=0.285) levels. However, 
further large-scale studies are warranted.
Keywords: Prostate specific antigene, androgenetic alopecia, Ludwig
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Introduction

Androgenetic alopecia (AGA) is a non-cicatricial alopecia characterised 
by the transformation of the terminal hairs to vellus hair with the effect 
of the peripheral androgens in genetically predisposed individuals. It 
can affect almost half of the population in various degrees. Generally, 
it may vary from a receding frontal hairline to alopecia of the whole 
scalp, in the second and third decades of life1. AGA is seen in men 
and women with different phenotypes. In men, there is generally 
bitemporal and vertex hair loss. The exposed areas show advancement 
towards full baldness. In women, on the other hand, the frontal hairline 
is generally maintained. There is a progressive thinning of the hair 
around the vertex. However, full baldness does not occur2. AGA is seen 
in women under 50 by 6% and in women over 70 by 30% to 40%. 
Female AGA mostly starts at the 6th decade. There is progressive hair 
thinning in the frontal and parietal areas. AGA is diagnosed by medical 
history and physical examination. In cases where this is not sufficient, 
histopathological examination is required for differential diagnosis.
In women, particularly in those with polycystic ovary syndrome 
(PCOS) and the effects of hyperandrogenism, acne, and hirsutism 
accompanying AGA are seen in clinics2. The etiology of AGA also 
comprises of stress, ischemia, and inflammatory, hormonal and genetic 
factors. Smoking increases AGA significantly. It has been reported that 
androgens caused follicular miniaturisation3. The 5α-reductase enzyme 
activity is increased in male and female patients with AGA4,5. It has been 
found that the number of the androgen receptors in the areas with 
hair loss was higher than in other areas without any loss6. Androgen 
secreting tumours may cause sudden onset and rampant AGA7.
Prostate-specific antigen (PSA) is a serine protease containing an 
enzymatic activity similar to chymotrypsin, weighing 33-kDa. PSA is 
produced in the prostate gland in men and secreted into the seminal 
plasma. Until recent years, PSA has been thought to be produced only 
in men and in the prostate. Today, PSA is found to be present in females 
and in non-prostatic tissues. It is proven that PSA is also produced in 
various female tissues, such as breasts and ovaries, and fluids, such 
as milk and amniotic fluid8,9. Skene (paraurethral) glands, apocrine 
sweat glands, salivary gland, and breast milk are examples that could 
be given to the extra-prostatic tissues and fluids in which PSA could be 
isolated10. In extra-prostatic tissues, the secretion of PSA is stimulated by 
androgens, progestins and glucocorticoids11. Thus, hyperandrogenemic 
situations are expected to exhibit high levels of serum PSA levels. Latest 
studies showed higher serum PSA levels in hirsutes than in non-hirsutes. 
Starting from this point, it is being investigated whether PSA could be 
an androgen marker for hirsutism12,13. In AGA, the effects of androgens 
are apparent, however, the relationship between serum PSA levels, a 
new marker for hyperandrogenism in women, and AGA has not been 
investigated yet. This study aims at investigating the relationship of 
AGA with serum PSA levels, considering the relationship between high 
serum PSA levels and hyperandrogenism.

Materials and Methods

Before starting the study, permission was obtained from the local 
ethics committee of Yıldırım Beyazıt Univesity (approval number: 
B.30.2.YBÜ.006.06.01/92). Our study had been conducted between 
October 2012 and March 2013. One hundred consecutive female 

patients, who had applied to the dermatology outpatient clinic with hair 
loss problem and who had been diagnosed with AGA, were included 
in the study. Sixty-seven age-matched healthy volunteers were recruited 
as the control group. All patients and healthy volunteers were informed 
about the content of the study and their written informed consent was 
obtained. The AGA diagnosis was made by the clinical characteristics 
of the patients determined by scalp examination, detailed patient 
anamnesis and hair pull test. Patients with inflammatory hair diseases 
on the scalp, patchy hair loss, alopecia areata and trichotillomania 
were not included in the study. Patients who did not sign the voluntary 
informed consent form, who had taken oral contraceptives, systemic 
corticosteroids, who were receiving hormone replacement therapy, 
who had cancer and were receiving chemotherapy, who were at their 
pregnancy or breast feeding period, who had a recent inflammatory 
disease history, chronic renal and liver failure and who were human 
immunodeficiency virus-positive were excluded from the study. The 
control group comprised of women who did not have any known 
systemic diseases, AGA, infertility, who were not in their pregnancy 
or breast feeding period, and who did not have any drug use history.
The hair pull tests were conducted at multiple zones and patients who 
were determined positive (3 or more hair strands after the pull) were 
not included in the study. The AGA types of the patients diagnosed 
with AGA were determined with regard to the Ludwig classification. 
AGA was defined based on diffuse thinning in the central zone and 
was evaluated in three types:
Type 1 - Minimal thinning of hair at the central zone maintaining the 
frontal hairline, 
Type 2 - Apparent thinning of hair at the top and
Type 3 - Full or near-full baldness at the top.
The patients aged between 18 and 45 years were categorised as 
premenopausal, between 45 and 65 years as menopausal, and over 
65 as postmenopausal14. In the study and the control groups, blood 
was collected from the antecubital vein using a green 21G needle after 
cleaning the zone with alcohol, following an overnight fasting (an 
average of 10 hours of fasting) in the follicular phase of the menstrual 
cycle. The thyroid-stimulating hormone (TSH), free T4 (fT4), follicle-
stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2), 
dehydroepiandrosterone sulfate (DHEA-S), total testosterone, prolactin, 
cortisol, ferritin, vitamin B12, zinc, basal insulin, and fasting blood 
glucose values were measured the same day. Blood samples collected 
for measuring free and total PSA were put into biochemistry tubes with 
yellow caps with 10 cc gel. They were centrifuged at 3600 rpm for 10 
minutes and separated to their serums. The samples were transferred 
to the additive-free tubes and stored in deep freeze (Sanyo, Japan) at 
-80 °C degrees until assay. The total and free PSA measurements were 
conducted with the serum samples. The total and free PSA analyses 
were conducted on a [Roche Cobas e 601 immunoassay analyser using 
the electrochemiluminescence immunoassay] method.

Statistical Analysis

Continuous data are summarized in the form of median (minimum-
maximum) and categorical data in the form of frequency counts and 
percentages. The Mann-Whitney U test and Kruskal-Wallis test were 
used for comparison of the groups. When a p value proved meaningful 
based on the Kruskal-Wallis test result, dual comparisons were carried 
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out with Bonferroni-corrected Mann-Whitney U test. A chi-square and 
Fischer’s exact test were used for comparison of categorical data. 
Analyses were made using SPSS v.15. A p value of less than 0.05 value 
was considered statistically significant.

Results

The mean age of the patients and controls was 40.59±13.97 (19-
75) years and 42.4±14.01 (18-78) years, respectively. There was no 
statistically significant difference in age and hormonal period between 
the patient and control groups (p>0.05). The distribution of the 
patients and healthy volunteers with reference to the hormonal periods 
is presented in Table 1. The mean age of AGA onset in the patient 
group was 38.49±14.04 (18-70) years.
In the patient group, 26 patients had accompanying diseases. 
Seventeen of these patients had Hashimoto’s thyroiditis, the thyroid 
function test was within the normal limits, and they were not using 
medication. Nine patients had type 2 diabetes mellitus and they were 
using oral metformin.
The AGA severity of the patients diagnosed with AGA was determined 
using the Ludwig scale. AGA was evaluated in three types according 
to the Ludwig classification. Twenty-nine patients (29%) were found to 
have Ludwig type 1 AGA (Figure 1), 64 (64%) - Ludwig type 2 (Figure 
2), and 7 patients (7%) - Ludwig type 3 (Figure 3) AGA.
In 58 patients, there was an accompanying hyperandrogenism. The 
accompanying hyperandrogenism findings are presented in Table 2. 
Forty-eight patients had a family history of AGA with 9 in father and 
39 in mother.

The level of DHEA-S was higher than the normal in 8 patients and 4 
controls. However, there was no significant difference in DHEA-S values 
between the patient and the control groups (p=0.143).
When the patient group and control group were compared, total 
testosterone was found to be significantly higher in the patient group 
than in the control group (p=0.03). Free PSA, total PSA, prolactin, 
ferritin, cortisol, FSH, LH, and E2 levels were within the normal range in 
both the patient and the control groups with no statistically significant 
difference between these two groups (p>0.05). Table 3 presents the 
hormonal parameters of the patient group and the control group.

Figure 1. Ludwig type 1 

Figure 3. Ludwig type 3

Figure 2. Ludwig type 2

Table 1. Hormonal period specifications of the patient 
group and the control group

  Patient Control p

Premenopausal (n, %) 54 (54%) 41 (61.2%) 0.399

Menopausal (n, %) 14 (14%) 11 (16.4%) 0.399

Postmenopausal (n, %) 32 (32%) 15 (22.4%) 0.399

Age (years) median 
(minimum-maximum)

39.5 (19-
75) 

40 (18-78) 0.354

Table 2. Accompanying hyperandrogenism findings in 
patient group

Disease Number %

Menstrual disorder 18 18

AGA family history 48 48

Hirsutism 22 22

Acne 34 34

Insulin resistance 7 7

Hypercortisolism 12 12

Seborrhea 40 40

PCOS 0 0

AGA: Androgenetic alopecia, PCOS: Polycystic ovary syndrome
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Discussion 

While AGA is frequently acknowledged as a marker of hyperandrogenism 
in women, it is believed to occur in men because of the increase in the 
local androgen metabolism. Increased 5α-reductase enzyme activity 
has been reported in women and men with AGA15. It has also been 
reported that there was no biochemical anomaly in more than 60% 
of women with alopecia only15,16. In our study, the free PSA, total 
PSA, DHEA-s, prolactin, ferritin, cortisol, FSH, LH, and E2 levels were 
within the normal range and there was not any statistically significant 
between the two groups.
Schmidt et al.17, found a statistically significant increase in serum cortisol 
levels in 18% of male and female patients indicating the contribution of 
the adrenal glands. Hyperandrogenism may depend on either excessive 
secretion of serum cortisol or increased end organ response. Juricskay 
and Telegdy18 found elevated C19 metabolites of testosterone and 
androstenedione and hyperandrogenemia and increased cortisol and 
corticosterone metabolite in approximately 86% of 56 female patients 
with AGA. In our patient group, hypercortisolism was found in 12% 
of patients. In the control group, this value was 8%. There was no 
statistically significant difference in cortisol levels between the patient 
and control groups.
Kasick et al.19 showed that there was an abnormal androgen metabolism 
in female patients with premenopausal AGA. In this study, while the 
serum testosterone and sex hormone binding globulin levels were 
found to be normal, a significant increase in DHEA-S levels was found. 
In our study, 8 individuals in the patient group and 4 in the control 
group had above normal DHEA-S levels. On the other hand, there 
was no statistically significant difference in DHEA-S levels between the 
patient and the control groups.
Futterweit et al.20 evaluated 109 female patients diagnosed with 
diffuse pattern AGA in terms of endocrine dysfunction, and found 
hyperandrogenism in 38.5% of patients. In our study, 58 (58%) 

patients were found to have hyperandrogenism findings. AGA is one of 
the hyperandrogenism findings. Other hyperandrogenism findings are 
acne, hirsutism and menstrual disorders, and PCOS may accompany 
in some patients21. In their study including 59 female patients aged 
16-40 years and diagnosed with AGA, Borlu et al.22 found that 40% 
of patients had hirsutism, 25% - acne, 25% - seborrhea and 37% had 
PCOS.
In our study, too, acne, hirsutism, seborrhea and menstrual disorder 
were the most frequently accompanying hyperandrogenism findings. 
On the other hand, in our study, while a statistically significant increase 
in the hormonal values was found with regard to hyperandrogenism 
the fact that accompanying clinical signs were not evident except 
for AGA was thought to be stemming from androgen receptor 
polymorphism. The changes in the androgen receptor genes are more 
frequent than in other steroid receptor genes and it is thought that 
the aforementioned polymorphism could affect androgen sensibility 
and phenotypic appearance. Due to the differences in the receptor 
genes, end organ response may cause different clinical findings than 
the serum androgen levels.
Vierhapper et al.23 found that the testosterone production increased in 
women with AGA, however, dihydrotestosterone levels did not change. 
In our study, the testosterone levels in patients with AGA were found to 
be significantly increased. This increase was more apparent in patients 
with Ludwig type 3, and there was a significant difference between 
controls and only this group. These results are important for indicating 
the role of testosterone in the development of AGA in women.
It has been reported that first-degree family history of AGA was less 
common in women than in men24. A study found a family history in 
48% of men with AGA and 45% of women with AGA25. In our study, 
family history was present in 48 (48%) female patients with AGA. 
However, there was no first-degree family history of AGA in the control 
group.

Table 3. Comparison of hormonal parameters of the patient group and the control group

Patient Control p

Free PSA

Median (minimum-maximum)
(ng/mL)

0.010 
(0.01-0.014)

0.010 
(0.01-0.014)

0.084

Total PSA 

Median (minimum-maximum)
(ng/mL)

0.003 
(0.003-0.472)

0.003
(0.003-0.162)

0.285

DHEA-S

Median (minimum-maximum)
(ug/dL)

143.6 
(19.92-469.7)

155.7 
(7.39-555.4)

0.143

Testosterone 

Median (minimum-maximum) 
(ng/mL)

0.2535 
(0.03-0.32)

0.21 
(0.03-0.48) 

0.03

Prolactin

Median (minimum-maximum) 
(ng/mL)

10.80 
(2.0-118.3)

11.52 
(2.87-55.07)

0.617

PSA: Prostate specific antigen, DHEA-S: Dehydroepiandrosterone sulfate
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As PSA concentrations are lower in females than in males, PSA could 
not be found in female serum with the analysis methods known until 
very recently. With the ultrasensitive immune analysis technique, serum 
PSA levels can be measured in women now. In studies on this topic, 
PSA could be found in the serums of 50% of normal females with 
the development of very sensitive immunoflourometric PSA analysis 
methods26-28. Studies using ultrasensitive serum PSA analysis showed 
that PSA could be a biochemical marker for hyperandrogenism in 
women with hirsutism12,29,30. There are a limited number of studies on 
the relationship between idiopathic hirsutism and serum PSA, and the 
findings are contradictory12,13,31,32.
Negri et al.29 indicated a decrease in serum PSA concentration during 
hirsutism treatment with different antiandrogenic drugs including 
flutamide. Thus, it was stated that serum PSA could be an ideal 
marker for monitoring treatments with drugs blocking the androgen 
receptors such a flutamide, or for patients with non-hyperandrogenic 
hirsutism16,29. Cebeci et al.33 found higher levels of serum PSA in hirsute 
women with PCOS than in women with idiopathic hirsutism, although 
it did not create a statistically significant difference. This situation was 
most probably due to women with PCOS having higher levels of serum 
testosterone levels.
Increased serum androgens were causing an increase in serum PSA 
levels in these patients. In another study, significantly higher levels of 
serum PSA were found in hirsute women than in controls34. In our 
study, the maximum values of free PSA were higher in the patient 
group, however, there was not any statistically significant difference in 
PSA levels between the patient and control groups.
The levels of androgens such as testosterone and DHEA-S, which are 
present in the serum, could be measured by laboratory methods. 
However, the effects of androgens on tissues such as skin and hair do 
not follow the serum levels. It is thought that the differences in the 
androgen receptor genes play a role in determining the response of the 
peripheral tissues to the androgens. Thus, measurement of PSA, which 
is a molecule secreted with the effect of the androgens, may be a more 
valuable finding than the measurement of the androgen serum levels 
in showing the androgen effect on the peripheral tissues. In our study, 
considering the relationship between high levels of serum PSA and 
response of the organs targeted by the androgens, we investigated 
the relationship between female AGA and high levels of serum PSA. In 
our study, there was not any statistically significant difference in free 
and total PSA values between the patient and the control groups. It is 
believed that these results are due to the limited number of patients and 
the very low number of patients with Ludwig type 3 AGA, which shows 
a significantly higher testosterone levels compared to controls. In the 
future, serum PSA in women with AGA could be used as a marker for 
the androgen effect on the androgen-sensitive tissues. However, this 
topic requires further studies to be conducted on larger patient groups.

Study Limitation

The limited number of our patients (especially those with Ludwig Type 
3 AGA, whose testosterone levels were significantly higher compared 
to controls) was the limitation of our study.

Conclusion

In our study, considering the relationship between high levels of 
serum PSA and response of the organs targeted by the androgens, 
we investigated the relationship between female AGA and high levels 

of serum PSA. In our study, there was not any statistically significant 
difference between the patient and the control groups in terms of 
free and total PSA values. It is believed that these results are due to 
the limited number of patients and very low number of patients with 
Ludwig type 3 AGA, which shows a significantly higher testosterone 
levels compared to controls. In the future, serum PSA in women 
with AGA could be used as a marker for the androgen effect on the 
androgen-sensitive tissues. However, this topic requires further studies 
to be conducted on larger patient groups.
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