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A B S T R A C T   

Virilization is a rare condition in postmenopausal women, usually attributed to androgen excess of ovarian or 
adrenal origin. A 62-year-old woman presented with excessive hair loss of 3 months' duration and was inves-
tigated for an endocrine cause of alopecia. The hormonal evaluation revealed increased testosterone but normal 
levels of androstenedione and dehydroepiandrosterone sulfate, while the results of transvaginal ultrasonography 
and abdominal computed tomography were unremarkable. Based on these findings, the possibility of an adrenal 
androgen-secreting tumor was ruled out and suspicion of Leydig cell hyperplasia was raised. A bilateral lapa-
roscopic salpingo-oophorectomy was performed due to the age of the patient and the diagnosis of Leydig cell 
hyperplasia was confirmed by histopathological examination. The postoperative course of the patient was un-
eventful and a repeat hormonal evaluation after the operation showed a normalization of androgen levels. In 
conclusion, Leydig cell hyperplasia should be considered as a likely cause of hyperandrogenism of ovarian origin 
in women who develop virilization. In postmenopausal women, bilateral oophorectomy will treat the disorder 
and provide a conclusive diagnosis via histopathological examination.   

1. Introduction 

Virilization, which is defined as the development of male secondary 
sexual characteristics in a female due to excessive exposure of tissues to 
androgen action, is a rare condition in postmenopausal women, usually 
attributed to abnormal androgen secretion by benign or malignant le-
sions of the ovaries or adrenal glands. In some cases, virilization can be 
the result of androgen overproduction by ovarian Leydig (or hilus) cells 
in the context of hyperplasia or tumor [1]. 

Hyperplasia of Leydig cells was initially described by Scully. More 
than half of his series of patients presented evidence of androgen excess 
[2]. Expansion of the Leydig cell population in the form of hyperplasia 
can be the result of hormonal stimulation by either human chorionic 
gonadotropin (hCG) in pregnancy or luteinizing hormone (LH) in 
menopause and it is part of a generalized response of the ovarian stroma. 
Leydig cell hyperplasia constitutes a benign entity and is not grossly 

visible, whereas Leydig cell tumor is distinguished by the formation of a 
mass [3]. Diagnosis of these conditions can be challenging and is usually 
aided by hormone levels rather than imaging. A systematic approach to 
diagnosis is mandatory. 

Herein, we present the case of a postmenopausal woman who 
developed rapidly progressive androgenetic alopecia owing to androgen 
overproduction by foci of Leydig cell hyperplasia in both ovaries. 

2. Case Presentation 

A 62-year-old woman, gravida 3, para 2, presented with excessive 
hair loss of 3 months' duration and was investigated for an endocrine 
cause of alopecia. She had stopped menstruating at the age of 52 years 
and mentioned no gynecological or general health issues except for well- 
controlled hypertension. Physical examination revealed areas of bald-
ness (Fig. 1), a body mass index (BMI) of 28 kg/m2 and a Ferriman- 

Abbreviations: LH, Luteinizing hormone; DHEAS, Dehydroepiandrosterone sulfate; US, Ultrasonography; CT, Computed tomography; PCOS, Polycystic ovary 
syndrome; GnRH, Gonadotropin-releasing hormone. 

* Corresponding author. 
E-mail addresses: anastasiavat@uoi.gr (A. Vatopoulou), fani.gkrozou@uoi.gr (F. Gkrozou), faybirbas@gmail.com (E. Birbas), kanavosus@gmail.com (T. Kanavos), 

haraskentou@uoi.gr (C. Skentou), miliaras@auth.gr (D. Miliaras).  

Contents lists available at ScienceDirect 

Case Reports in Women's Health 

journal homepage: www.elsevier.com/locate/crwh 

https://doi.org/10.1016/j.crwh.2023.e00537 
Received 6 August 2023; Received in revised form 25 August 2023; Accepted 28 August 2023   

mailto:anastasiavat@uoi.gr
mailto:fani.gkrozou@uoi.gr
mailto:faybirbas@gmail.com
mailto:kanavosus@gmail.com
mailto:haraskentou@uoi.gr
mailto:miliaras@auth.gr
www.sciencedirect.com/science/journal/22149112
https://www.elsevier.com/locate/crwh
https://doi.org/10.1016/j.crwh.2023.e00537
https://doi.org/10.1016/j.crwh.2023.e00537
https://doi.org/10.1016/j.crwh.2023.e00537
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Case Reports in Women’s Health 39 (2023) e00537

2

Gallwey score of 6 [4]. Neither Cushingoid features nor symptoms and 
signs suggestive of diabetes mellitus were present. Systemic examina-
tion, which included a bimanual pelvic examination, was unremarkable. 

Laboratory evaluation included hormone tests and tumor marker 
measurements to investigate for a possible ovarian sex cord-stromal 
tumor (Table 1). Testosterone levels were elevated, while androstene-
dione and dehydroepiandrosterone sulfate (DHEAS) levels were within 
normal limits. 

Transvaginal ultrasonography (US) and computed tomography (CT) 
of the abdomen were also performed. On US, both ovaries were of 
normal morphology and size (volume of 2.8 mL and 3.5 mL for the left 
and right ovary, respectively), while the endometrium was represented 
as a thin stripe. The abdominal CT did not reveal any abnormality in 
either the ovaries or the adrenal glands. 

In view of these findings, the possibility of an adrenal androgen- 
secreting tumor was ruled out and suspicion of Leydig cell hyperplasia 
was raised. A bilateral laparoscopic salpingo-oophorectomy and a dila-
tation and curettage (D&C) were performed due to the age of the patient. 
The peritoneal and pelvic cavities appeared normal. The right ovary had 
a yellowish color and was slightly larger than the left one (Fig. 2). 

Histopathological examination of the ovaries confirmed the diag-
nosis. It revealed scattered aggregates of Leydig cells <1 mm in size 
mainly in the cortical and less in the medullar area of both ovaries. Their 
nuclei were normal and surrounded by granular eosinophilic cytoplasm 
(Fig. 3). These findings are consistent with Leydig cell hyperplasia. 
Endometrium was atrophic upon histopathological examination. 

The postoperative recovery of the patient was uneventful. A repeat 
hormonal evaluation showed a normalization of androgen levels after 
surgery. 

3. Discussion 

Ovarian Leydig cells, which resemble testicular Leydig cells and 
produce androgens, are located in the ovarian hilum and adjacent 
mesovarium, often next to nerves [5]. They are initially seen in the fetal 
ovary and identifiable during the first year of life, disappear after in-
fancy and reappear at puberty [6]. Excessive stimulation of these cells by 
increased LH levels can result in hyperplasia and overproduction of 
testosterone. 

Scalp hair thinning is an uncommon manifestation of androgen 
excess and is to some degree a normal consequence of aging after 50 
years. However, an investigation for hyperandrogenism is appropriate 
when it is observed. In a series of 109 younger women with alopecia, 
two-thirds had no underlying abnormality, only 38.5% had elevated 
serum androgens, two had non-classic congenital adrenal hyperplasia 
and two had pituitary adenomas [7]. 

Serum total testosterone is the primary measure of androgen pro-
duction and values above 150 ng/dL are suggestive of an androgen- 
secreting tumor, although lower levels should not detain evaluation in 
a woman with rapidly progressive symptoms [8]. In postmenopausal 
women, levels above 100 ng/dL should raise suspicion. Free testosterone 
values are less accurate because methods of measurement are not always 
consistent between laboratories and precise (equilibrium dialysis is 
considered the reference method) [9]. Free testosterone is more useful in 
patients who do not respond to treatment. DHEAS levels are important 
for the identification of women with an adrenal androgen-secreting 
tumor only in cases of pronounced elevation (>700 μg/dL) [9,10]. 
Mildly increased DHEAS can be found in polycystic ovary syndrome 
(PCOS) [11]. 

Androgen-secreting tumors are usually of ovarian and rarely of ad-
renal origin. Such tumors that derive from the ovaries represent mainly 
sex cord-stromal tumors and can usually be depicted with transvaginal 
US, although very small Leydig cell tumors and hyperplastic foci, as in 
the present case, cannot be visualized [8,12]. Ovarian causes of 
androgen overproduction also include endocrine abnormalities, such as 
PCOS, stromal hyperthecosis and hyperandrogenism, insulin resistance 
and acanthosis nigricans (HAIR-AN) syndrome. The last two are both 
associated with severe insulin resistance that is diagnosed with glucose 
tolerance test (GTT) and elevated insulin levels (Table 2) [13]. 

In cases of virilization, where the presence of an androgen-secreting 
tumor is suspected, imaging of the adrenal glands by either CT or 
magnetic resonance imaging (MRI) is suggested, especially in patients 

Fig. 1. The patient's scalp with apparent hair loss.  

Table 1 
Main preoperative laboratory findings.  

Test Measured value Reference range 

Total testosterone 1.75 μg/L 0.10–0.75 μg/L 
Free testosterone 21.00 ng/L 0.20–6.40 ng/L 
DHEAS 1.10 mg/L 0.09–2.46 mg/L 
Estradiol 6.20 pg/mL <20.00 pg/mL 
Inhibin B 14.90 ng/L <37.00 ng/L 

DHEAS, Dehydroepiandrosterone sulfate. 

Fig. 2. Macroscopic view of the right ovary during laparoscopy.  
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with increased DHEAS [1]. Selective ovarian venous catheterization has 
been proposed for cases where imaging is not diagnostic, but the results 
have been inconsistent [14]. Dynamic endocrine testing is not recom-
mended when an androgen-secreting tumor is suspected because it is 
unreliable and misleading, although all ovarian causes of androgen 
overproduction are sensitive to LH suppression by gonadotropin- 
releasing hormone (GnRH) analogs [15]. 

The appropriate treatment for hirsutism and virilization depends on 
the cause. Treatments for hirsutism aim at reducing the production, 
increasing the protein-bound proportion, and/or blocking the action of 
androgens. Tumors should be resected and, if malignant, adjuvant 
therapy may be required. As in this case, Leydig cell hyperplasia in 
postmenopausal women should be treated by bilateral oophorectomy as 
imaging does not consistently show enlargement of the ovaries and the 
condition may involve both ovaries. In premenopausal women with a 
presumptive diagnosis of Leydig cell hyperplasia, cyproterone acetate 
can be administered as it can benefit patients by blocking androgen 
receptors [1]. As previously mentioned, GnRH agonists effectively 
suppress ovarian androgen production and can be combined with oral 

contraceptive therapy for the treatment of hirsute women [15]. GnRH 
agonists have effectively lowered testosterone levels in a case of Leydig 
cell tumor temporarily before surgery [16]. Nevertheless, laparoscopic 
bilateral oophorectomy should be recommended in all patients unless 
they have not completed their family as it is easily tolerated, provides a 
specimen for absolute diagnosis, eliminates the cause and requires 
minimal follow-up. 

4. Conclusion 

Leydig cell hyperplasia should be considered as a cause of hyper-
androgenism of ovarian origin in women developing alopecia, hirsutism 
or other manifestations of virilization. Hormonal work-up should be 
supplemented by imaging, which may not always be diagnostic. Bilat-
eral oophorectomy will treat the disorder and provide a conclusive 
diagnosis in postmenopausal women. 
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Fig. 3. Histopathological findings with hematoxylin & eosin staining and 100× magnification. Several small irregular islands of hyperplastic Leydig cells (arrows) 
with abundant eosinophilic cytoplasm and bland nuclei and without atypia or mitoses are observed within the ovarian stroma. 

Table 2 
Ovarian causes of androgen overproduction and associated diagnostic features.  

Cause Diagnosis 

Tumors  
Sertoli-Leydig cell tumor High testosterone levels 

Rapidly progressive hirsutism 
Usually identification of an ovarian lesion by imaging 
Absence of adrenal pathology 
Normal DHEAS levels 

Sertoli cell tumor 
Leydig cell tumor 
Leydig cell hyperplasia 
Steroid cell tumor 
Granulosa cell tumor 
Thecoma 
Gonadoblastoma 
Brenner tumor 
Metastases from NETs 
Endocrine abnormalities  
PCOS US of the ovaries 

Oligomenorrhea 
Stromal hyperthecosis Histopathological examination 

Insulin resistance 
HAIR-AN syndrome Acanthosis nigricans 

Insulin resistance 

NETs, Neuroendocrine tumors; DHEAS, Dehydroepiandrosterone sulfate; PCOS, 
Polycystic ovary syndrome; US, Ultrasonography; HAIR-AN, Hyper-
androgenism, insulin resistance and acanthosis nigricans. 
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