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Abstract

Objective: Differential diagnosis of androgen excess disorders re-
vealed the occurrence of hyperprolactinemia. However, an eleva-
ted level of prolactin (hyperprolactinemia) is a very infrequent
cause of hyperandrogenemia in clinical practice. This study aimed
to investigate the presence of hyperandrogenism/hyperandroge-
nemia in women with prolactinoma before and after treatment
with cabergoline. Material and Methods: Twenty women diag-
nosed with prolactinoma in the recent past and 15 healthy women
between the ages of 18 to 50 were enrolled in the study. Patients
were evaluated at the baseline and after six months of cabergo-
line treatment. Patients were carefully noted for any signs and
symptoms of hyperandrogenemia and concentration of androgen
in blood. Further, adrenocorticotropin stimulation test was perfor-
med to analyze cortisol, dehydroepiandrosterone sulfate (DHEAS),
androstenedione, 11-deoxycortisol (11-S), and 17-hydroxypro-
gesterone (17-OHP) responses. Results: A significantly higher
level of prolactin compared to the control group was seen in pro-
lactinoma patients, which reverted to normal levels after caber-
goline treatment. Estradiol (E2) concentration was lower in
patients with prolactinoma than control group and it did not show
a significant increase after being treated with cabergoline. Pati-
ents with prolactinoma exhibited decreased sex hormone-binding
globulin (SHBG) concentration in blood, which also increased sig-
nificantly after the treatment. The levels of basal androstenedione,
DHEAS, 17-OH progesterone, 11-S, and cortisol were found to be
similar between the two groups. Basal and stimulated DHEAS and
androstenedione levels decreased significantly after cabergoline
treatment in prolactinoma patients. The presence of acne, hirsu-
tism, and androgenic alopecia were similar in both groups. Pelvic
ultrasonography revealed polycystic ovary (PCO) in nine patients
with prolactinoma, which was significantly more frequent than in
the control group. Among the 9 PCO patients, normal ovarian
morphology was restored in three patients after the treatment.
Conclusion: From the data, it may be suggested that hyperpro-
lactinemia may not lead to clinically significant hyperandrogene-
mia and hirsutism. Moreover, the treatment of hyperprolactinemia
does not lead to significant improvement in hirsutism score of the
patients, if exists.

Keywords: Androgen; hirsutism; hyperandrogenemia;
prolactin; prolactinoma

Ozet

Amag: Hiperprolaktinemi, androjen fazlaligi ile seyreden
hastaliklarin ayirici tanilarinda arastiriimasi gereken durum-
lardandir. Ancak, klinik pratikte hiperprolaktinemi olan hasta-
larda nadiren hiperandrojenizm goérulmektedir. Calismamizda,
prolaktinoma tanisi almis kadinlarda kabergolin tedavisi 6n-
cesi ve sonras! hiperandrojenizmin degerlendirilmesi amaglan-
mistir. Gereg ve Yontemler: Calismaya yas araligi 18-50 vyil
olan, prolaktinoma tanisi konulan 20 kadin hasta ve 15 saglkli
kontrol dahil edildi. Hastalar bazal ve 6 aylik kabergolin tedavi-
sinden sonra dederlendirildi. Hiperandrojenizm belirtileri ince-
lendi ve bazal androjen diizeyleri 6lglildi. Adrenokortikotropin
stimllasyon testi ile kortizol, dehidroepiandrosteron silfat
(DHEAS) ve androstenedion, 11-deoksikortikol (11-S), 17-hid-
roksiprogesteron (17-OHP) cevabi degerlendirildi. Bulgular:
Prolaktinomali kadin hastalarda kontrol grubuna kiyasla PRL se-
viyeleri ylksekti ve kabergolin tedavisi ile geriledi. E2 seviyeleri
prolaktinoma hastalarinda daha dislktlu ve kabergolin sonrasi
anlamli bir artis gértlmedi. Seks hormon baglayici globulin du-
zeyleri prolaktinoma hastalarinda disik olmakla beraber, tedavi
ile anlamli derecede yikseldi. Bazal androstenedion, DHEAS, 17-
OH progesteron, 11-S ve kortizol diizeyleri 2 grupta benzer bu-
lundu. Prolaktinoma hastalarinda, bazal ve uyariimis DHEAS ve
androstenedion seviyeleri, kabergolin tedavisi sonrasi anlamli
derece azaldi. Sivilce, hirsutizm ve androjenik alopesi 2 grupta
benzer izlendi. Prolaktinomali 9 kadin hastada kontrol grubuna
gore anlamh olarak daha sik pelvik ultrasonografide polikistik
over (PKO) gorildi. Tedaviden sonra PKO olan 9 hastanin
3’nde normal over morfolojisi géruldi ve 6 hastada hala PKO
vardi. Sonug: Galismamizda, hiperprolaktineminin klinik ola-
rak anlaml hiperandrojenizm ve hirsutizme yol agmadigi iz-
lendi. Ayrica, hirsutizmi olan kadin hastalarda ve hirsutizm
skorunda hiperprolaktinemi tedavisi sonrasi anlaml bir iyilesme
g6zlenmedi.

Anahtar kelimeler: Androjen; hirsutizm; hiperandrojenemi;
prolaktin; prolaktinoma
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Prolactinomas are the most common form of
pituitary adenomas. They account for about
40% of all pituitary adenomas (1). Pro-
lactinoma causes amenorrhea and galactor-
rhea in premenopausal women, while it
causes sexual dysfunction in men. Patients
suffering from macroprolactinoma may
show signs and symptoms like headache, vi-
sual field defects, and pituitary deficiencies.
Prolactinomas are found in incidentalomas
in few cases (2).

Androgens are the steroid hormones pro-
duced by the adrenal cortex, are synthe-
sized in the adrenal glands and ovaries of
women. Dehydroepiandrosterone sulfate
(DHEAS) is the primary adrenal androgen
and is released only in small amounts by the
ovaries. The adrenal glands and the ovaries
produce androstenedione and testosterone
in women. Moreover, a small amount of
DHEAS is converted to androstenedione and
testosterone in peripheral tissues and adre-
nal glands (3). Although hypersecretion of
DHEAS suggests adrenal hyperandrogenism,
they possess little intrinsic androgenic activ-
ity. Symptoms of hyperandrogenemia like
hirsutism and virilization are caused primally
by the more potent androgens such as an-
drostenedione and mainly testosterone (4).
In adult women, hyperandrogenism causes
hirsutism, acne, androgenetic alopecia,
menstrual irregularities, and infertility. It
may seldom cause virilization. The most
common cause of hyperandrogenism in
women is polycystic ovary syndrome (PCQOS)
(5,6) followed by idiopathic hyperandrogen-
emia, idiopathic hirsutism, and non-classic
congenital adrenal hyperplasia (7,8). Al-
though infrequent, other causes of androgen
overproduction that causes hirsutism
include androgen-secreting ovarian and ad-
renal tumors, severe insulin-resistance syn-
dromes, Cushing's syndrome, acromegaly,
and hyperprolactinemia. But these diseases
appear with more specific and frequent clin-
ical symptoms (9-12).

Although hyperprolactinemia is commonly
found in the differential diagnosis of andro-
gen excess disorders, it appears to be a rare
cause of hyperandrogenemia in clinical prac-
tice (13,14). There are very few studies that
investigated the relationship between hy-
perandrogenemia and hyperprolactinemia.

Therefore, the present study aimed to eval-
uate the existence of hyperandrogenism/hy-
perandrogenemia before and after
treatment with cabergoline in women with
prolactinoma.

It was a prospectively designed study with
20 women with treatment naive prolactin-
oma and 15 healthy women of age 18 to 50
years included as controls. Informed con-
sent was obtained from each participant.
The patients who used drugs that could in-
crease the prolactin level and had any co-
morbid conditions were excluded from the
study.

The patients were evaluated at the time of
diagnosis and after six months of cabergo-
line treatment. The control group, consist-
ing of healthy individuals, was evaluated
only once. The presence of acne, hirsutism
and androgenic alopecia was noted in the
patients with prolactinoma and healthy con-
trols. Modified Ferriman-Gallwey score
(mFG) was exercised for evaluating hir-
sutism and a score of =8 was considered as
hirsutism (15).

Basal androgens (total testosterone, an-
drostenedione, and DHEAS), prolactin
(PRL), cortisol, thyrotropin (TSH), free thy-
roxine (fT4), FSH, LH, estradiol (E2) and sex
hormone-binding globulin (SHBG) levels
were estimated. Free androgen index (FAI)
was also calculated from the equation given
below

Total testosterone
(nmol/L)* 100

Free androgen index (FAI) =
SHBG (nmol/L)

The adrenocorticotropin (ACTH) stimulation
test was performed in both groups. A single
bolus of 250 pg synthetic ACTH was admin-
istered intravenously (Synacthena 0.25 mg,
Novartis, Nurnberg, Germany). The test was
performed in the morning, during the follic-
ular phase of menstruation in patients with
a regular cycle. Patients with oligo/amenor-
rhea, ovulation was excluded by low prog-
esterone levels. Cortisol, DHEAS,
androstenedione, 11-deoxycortisol (11-S),
and 17-hydroxyprogesterone (17-OHP) lev-
els were measured at 0, 30, and 60 min
after the ACTH administration.
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Electrochemiluminescence and chemilumi-
nescence methods were used for estimating
the hormone concentration. Serum prolactin
(PRL), cortisol, total testosterone, DHEAS,
SHBG, thyrotropin (TSH), free thyroxine
(fT4), FSH, LH, and estradiol (E2) levels
were measured by the electrochemilumines-
cence immunoassay (Cobas® 8000, Roche).
IGF-1 and androstenedione levels were de-
termined by chemiluminescence technique
(Immulite 2000 XPi, Siemens). Serum 17-
OHP level was measured by radioim-
munoassay, while liquid chromatography-
tandem mass spectrometry (LC-MS/MS)
was used to measure 11-S concentration.
Pelvic ultrasonography was performed to de-
tect the polycystic ovaries (PCO) and to
evaluate their morphology.

Statistical analysis was performed by using
SPSS version 21.0. The data were presented
as meanzxstandard deviation. All data were
subjected to the Shapiro-Wilk test, which
determines the normality of the data. A chi-
square test was used for testing relation-
ships between categorical variables.
Student’s t-test or Mann-Whitney U test was
used for comparing the results of both the
groups, wherever appropriate. The value of
p<0.05 was considered statistically signifi-
cant. The area under the curve (AUC) was
calculated following the trapezoid formula.
Pearson's correlation coefficient was used to
calculate the association between two con-
tinuous variables.

The mean age of the patients with pro-
lactinoma and the control group showed
similar results (26.9+7.4 and 26.6+4.5, re-
spectively). Two prolactinoma patients had
acne, and three of them had hirsutism that
persisted after cabergoline treatment (Table
1). The patients with prolactinoma showed
higher PRL levels than the control group that
were restored to normal values after caber-
goline treatment. The E2 levels were lower
in the patients with prolactinoma, which did
not increase significantly after the treatment
(Table 2). SHBG levels were also found to be
reduced in patients with prolactinoma,
which increased significantly after the treat-
ment. A negative correlation was detected
between SHBG, and total testosterone and
DHEAS levels (R=-0.58 P=0.023, R=-0.53

P=0.049, respectively). FAI was found
slightly higher in patients with prolactinoma
that was decreased after treatment; how-
ever, the change in data was statistically in-
significant. Although the data revealed a
positive correlation between PRL levels and
total testosterone (R=+0.52 P=0.026),
there was no correlation between PRL and
FAI, androstenedione, DHEAS, 17-OH prog-
esterone, 11-S levels.

Basal androgen and cortisol levels and re-
sponses to ACTH stimulation test are sum-
marized in Table 3. Basal androstenedione,
DHEAS, 17-0OH progesterone, 11-S, and cor-
tisol levels were found to be similar in both
the groups. In patients with prolactinoma,
the basal and stimulated DHEAS and an-
drostenedione levels decreased significantly
in the cabergoline treated group. Although
insignificant, FAI was decreased in pro-
lactinoma patients after cabergoline treat-
ment.

Pelvic USG revealed PCO in nine patients
with prolactinoma that was significantly
more frequent than in the control group
(n:0) (P=0.004). After treatment, normal
ovarian morphology was restored in 3 out of
9 PCO patients.

Women with hyperprolactinemia have been
reported to have hyperandrogenemia and/or
hirsutism. However, there are very few stud-
ies that investigated the relationship be-
tween hyperprolactinemia and androgen
excess disorders. In clinical practice, hyper-
androgenism and hirsutism are infrequently
found in patients with hyperprolactinemia.
In this study, prolactinoma was not found to
be associated with hyperandrogenemia. Al-
though treatment with cabergoline after six
months led to a significant decrease in the
basal and ACTH stimulated DHEAS levels but
during the initial diagnosis, the patients
showed DHEAS levels similar to healthy
women.

A study by Glasow et al. showed the pres-
ence of PRL receptor using polymerase chain
reaction (PCR) and immunohistochemical
techniques in the human adrenal gland and
adrenal primary cell cultures. PRL receptor
was observed in all three zones of the adre-
nal cortex and marginally in the medulla.
The concentrations of cortisol, aldosterone,
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and DHEA were found to be en-
hanced after PRL stimulation in cell
supernatant (16).

Kim et al. studied basal androgen lev-
els in 20 hyperprolactinemic women
and 7 control subjects. The total
testosterone and DHEAS concentra-
tions were similar in both groups
However, the free testosterone level
was elevated and the E; level was re-
duced in patients with hyperpro-
lactinemia than the control group
(17). Another study reported higher
serum DHEAS concentration (basal
and after ACTH stimulation) in eight
hyperprolactinemic women than the
control group. Androstenedione lev-
els were found similar in both groups
(18). In the present study, free an-
drogen index and total testosterone
levels were similar in the two groups,
whereas prolactinoma patients had
reduced E» and SHBG concentra-
tions. 17-OHP, 11-S, DHEAS, and an-
drostenedione responses to ACTH
stimulation were also comparable in
patients with prolactinoma and
healthy controls.

After cabergoline treatment, the pa-
tients were found to have signifi-
cantly decreased DHEAS response to
ACTH stimulation as previously
shown (18). Another study by Moria
et al. comprising of 122 medically
and 26 surgically treated patients
with prolactinoma, reported a de-
crease in DHEAS levels after treat-
ment (19). However, the study did
not have a control group and the ef-
fects of hyperprolactinemia could not
be evaluated at baseline. In the
present study, SHBG concentration
was found to be increased and the
stimulated androstenedione level
was found to be decreased signifi-
cantly in the treated patients. A neg-
ative correlation was observed
between SHBG and androgen levels.
It may be inferred from this situation
that hypogonadism due to hyperpro-
lactinemia leads to a decrease in E,
and SHBG levels, but after treat-
ment, SHBG concentration in-
creased, which may be due to the

P2
0.180
0.192
0.280
0.188
0.294
0.822
0.128

0.033%*
0.030%*
0.003*
0.002*
0.004*
0.048%*
0.005%*
0.009%*

Patients after treatment (n:20)
0.93+0.47
2.55+1.83
117+77.4
1.99+1.1
3.93+1.6

188.3+85.9
10.8+2.9
23.7+3.2
1133+154
208+106
201.7+111.2
12320+6542
2.1+0.9
3.32+1.28
175+73

P1
0.426
0.169
0.271
0.639
0.751
0.574
0.853
0.801
0.918
0.886
0.899
0.845
0.586
0.140
0.230

=15)

0.93+0.65
1.97+0.57
94.2+24.2
2.19+1.17
4.09+1.43
205+69.1
11.8+4.9
25.2+3.65
1224+176
293+180
310+189
17857+10753
2.5+1
3.6+1.25
194.1+64.2

Control (n

=20)

1.18+0.83
2.76+1.96
126.6£93,6
2.46+1.6
4.28+1.4
190.9+76.3
12.1+4.3
25.6+4.6
12314206
317+162
310+176
185669830
2.741.3
4.54+1.97
229492

Patients at baseline (n

17-OHP (basal) (ng/mL)

17-OHP (peak) (ng/mL)

AUC (17-OHP response to ACTH)
11-S (basal) (ng/mL)

11-S (peak) (ng/mL)

AUC (11-S response to ACTH)
Cortisol (basal) (pg/dL)

Cortisol (peak) (ug/dL)
AUC (androstenedione response to ACTH)

AUC (cortisol response to ACTH)

DHEAS (basal) (pg/dL)

DHEAS (peak) (pg/dL)
Androstenedione (peak) (ng/mL)

AUC (DHEAS response to ACTH)
Androstenedione (basal) (ng/mL)

Hormone
p;: P-value for the comparison of the control and patients with prolactinoma at baseline, p,: P-value for the comparison of the patients with prolactinoma at baseline and after treatment;

AUC: Area under the curve.
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decline in androgen levels by cabergoline
treatment. A positive correlation was iden-
tified between total testosterone and PRL
levels as discussed in published reports
(20). However, the concentration of total
testosterone did not decrease after treat-
ment in the patient group.

In the present study, the patients were
evaluated for hyperandrogenism symptoms
which include hirsutism, acne, and andro-
genic alopecia. Although hirsutism was
more frequent in patients with prolactin-
oma, it was statistically nonsignificant and
the mFG scores were found similar be-
tween the groups. Hagag et al. investi-
gated 80 hirsute and hyperprolactinemic
women with prolactinoma, neuroleptic
treatment, and idiopathic hyperprolactine-
mia. In all women, the mFG score, Leed
acne score, DHEAS, free testosterone, and
androstenedione levels decreased after the
treatment with a dopamine agonist drug,
which was carried out for 11+1 months
(20). However, the study group taken into
consideration was very heterogenous and
the study also included the cases of drug-
induced hyperprolactinemia. It can be in-
ferred that antipsychotic drugs may
directly interfere with androgen levels (21-
23). In the present study, only a homoge-
neous group of patients with
hyperprolactinemia due to prolactinoma
was taken into account. Although DHEAS
and androstenedione levels decreased
after the treatment as reported, the basal
levels of androgens in patient and control
groups were comparable in the present
study. Also, no significant change was ob-
served after the treatment in the mFG
score. DHEAS is known to be a weak an-
drogen, and testosterone is more likely to
be responsible for hyperandrogenism
symptoms (24). The reduction of DHEAS in
patients after treatment may be due to
restitution of prolactin levels or a direct ef-
fect of cabergoline or both.

For the diagnosis of PCOS, hyperpro-
lactinemia is required to be ruled out. On
the other hand, polycystic ovarian mor-
phologly may be seen in 20% of women in
the reproductive age group and 5% of
them have PCOS (25). In the literature, a
few studies and case reports indicates a
close association between PCOS and pro-

lactinoma, but there is no prospective
study evaluating ovarian morphology in
patients with prolactinoma (26,27). In the
present study, an increased prevalence of
PCO in patients was seen with prolactin-
oma. After treatment, the ovarian mor-
phology was restored to normal in three of
the nine PCO patients.

A relatively limited number of patients with
prolactinoma and short follow-up time are
the limitations of the present study.

The data, from the above study, suggest
that hyperprolactinemia may not lead
to clinically meaningful hyperandrogenemia
and hirsutism. Moreover, the treatment
of hyperprolactinemia does not lead to
significant improvement in the hirsutism
score of the patients, if exists. A well-
known feature of hyperandrogenic disor-
ders is menstrual dysfunction.
Hyperprolactinemia should be considered in
the differential diagnosis of menstrual dis-
turbances whether associated with hir-
sutism or not. However, in accordance with
the data evaluated in the present study and
the published reports mentioned above, it
may be suggested that hyperprolactinemia
is not a cause of hyperandrogenism/hir-
sutism per se.

This study was supported by Erciyes Univer-
sity Research Foundation, Turkey, (TTU-
2016-6976).

The study was carried out according to the
ethical standards of institutional research
committee (Erciyes Universitesi Etik kurulu
Karar no:2016/447 Tarih: 29/07/2016).

During this study, no financial or spiritual
support was received neither from any phar-
maceutical company that has a direct con-
nection with the research subject, nor from
a company that provides or produces med-
ical instruments and materials which may
negatively affect the evaluation process of
this study.

No conflicts of interest between the authors
and / or family members of the scientific



Turk J Endocrinol Metab
2020;24:55-62

Unal et al. 61
Hyperandrogenemia in Prolactinoma

and medical committee members or mem-
bers of the potential conflicts of interest,
counseling, expertise, working conditions,
share holding and similar situations in any
firm.

Idea/Concept: Kirsad Unliihizarci; Design:
Zileyha Karaca; Control/Supervision: Zi-
leyha Karaca; Data Collection and/or Pro-
cessing: Mehmet GCagri Unal; Analysis
and/or Interpretation: Zileyha Karaca; Lit-
erature Review: Kiirsad Unlihizarci; Writing
the Article: Mehmet Cagri Unal; Critical Re-
view: Zlleyha Karaca; References and
Fundings: Fahrettin Kelestemur; Materials:
Fahrettin Kelestemur.

1. Melmed S, Casanueva FF, Hoffman AR, Kleinberg
DL, Montori VM, Schlechte JA, Wass JA; Endocrine
Society. Diagnosis and treatment of hyperpro-
lactinemia: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2011;96:273-
288. [Crossref] [PubMed]

2. Buurman H, Saeger W. Subclinical adenomas in
postmortem pituitaries: classification and correla-
tions to clinical data. Eur J Endocrinol.
2006;154:753-758. [Crossref] [PubMed]

3. Rosenfield RL, Ehrmann DA. The Pathogenesis of
Polycystic Ovary Syndrome (PCOS): the hypothesis
of PCOS as functional ovarian hyperandrogenism re-
visited. Endocr Rev. 2016;37:467-520. [Crossref]
[PubMed] [PMC]

4. Unluhizarci K, Karaca Z, Kelestimur F. Hirsutism-
from diagnosis to use of antiandrogens. Front Horm
Res. 2013;40:103-114. [Crossref] [PubMed]

5. Conway G, Dewailly D, Diamanti-Kandarakis E, Es-
cobar-Morreale HF, Franks S, Gambineri A, Keles-
timur F, Macut D, Micic D, Pasquali R, Pfeifer M,
Pignatelli D, Pugeat M, Yildiz BO, ESE PCOS Special
Interest Group. The polycystic ovary syndrome: a
position statement from the European Society of
Endocrinology. Eur J Endocrinol. 2014;171:P1-P29.
[Crossref] [PubMed]

6. Escobar-Morreale HF, Carmina E, Dewailly D,
Gambineri A, Kelestimur F, Moghetti P, Pugeat M,
Qiao J, Wijeyaratne CN, Witchel SF, Norman RJ. Epi-
demiology, diagnosis and management of hir-
sutism: a consensus statement by the Androgen
Excess and Polycystic Ovary Syndrome Society.
Hum Reprod Update. 2012;18:146-170. [Crossref]
[PubMed]

7. Unluhizarci K, Kaltsas G, Kelestimur F. Non polycys-
tic ovary syndrome-related endocrine disorders as-
sociated with hirsutism. Eur J Clin Invest.
2012;42:86-94. [Crossref] [PubMed]

8. Azziz R, Carmina E, Sawaya ME. Idiopathic hir-
sutism. Endocr Rev. 2000;21:347-362. [Crossref]
[PubMed]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Rosenfield RL. Clinical practice. Hirsutism.
N Engl J Med. 2005;353:2578-2588. [Crossref]
[PubMed]

Carmina E, Rosato F, Janni A, Rizzo M, Longo RA.
Extensive clinical experience: relative prevalence of
different androgen excess disorders in 950 women
referred because of clinical hyperandrogenism. ]
Clin Endocrinol Metab. 2006;91:2-6. [Crossref]
[PubMed]

Azziz R, Sanchez LA, Knochenhauer ES, Moran C,
Lazenby ], Stephens KC, Taylor K, Boots LR. Andro-
gen excess in women: experience with over 1000
consecutive patients. J Clin Endocrinol Metab.
2004;89:453-462. [Crossref] [PubMed]

Karaca Z, Acmaz B, Acmaz G, Tanriverdi F, Un-
luhizarci K, Aribas S, Sahin Y, Kelestimur F. Rou-
tine screening for Cushing’s syndrome is not
required in patients presenting with hirsutism. Eur
J Endocrinol. 2013;168:379-384. [Crossref]
[PubMed]

Glickman SP, Rosenfield RL, Bergenstal RM, Helke
J. Multiple androgenic abnormalities, including ele-
vated free testosterone, in hyperprolactinemic
women. J Clin Endocrinol Metab. 1982;55:251-257.
[Crossref] [PubMed]

Lobo RA, Kletzky OA. Normalization of
androgen and sex hormone-binding globulin lev-
els after treatment of hyperprolactinemia. J Clin
Endocrinol Metab. 1983;56:562-566. [Crossref]
[PubMed]

Hatch R, Rosenfield RL, Kim MH, Tredway D.
Hirsutism: implications, etiology, and manage-
ment. Am J Obstet Gynecol. 1981;140:815-830.
[Crossref] [PubMed]

Glasow A, Breidert M, Haidan A, Anderegg U, Kelly
PA, Bornstein SR. Functional aspects of the effect of
prolactin (PRL) on adrenal steroidogenesis and dis-
tribution of the PRL receptor in the human adrenal
gland. J Clin Endocrinol Metab. 1996;81:3103-
3111. [Crossref] [PubMed]

Kim SY, Sung YA, Ko KS, Cho BY, Lee HK, Koh CS,
Min HK. Direct relationship between elevated free
testosterone and insulin resistance in hyperpro-
lactinemic women. Korean J Intern Med. 1993;8:8-
14. [Crossref] [PubMed] [PMC]

Schiebinger R], Chrousos GP, Cutler GB Jr, Loriaux
DL. The effect of serum prolactin on plasma adrenal
androgens and the production and metabolic clear-
ance rate of dehydroepiandrosterone sulfate in nor-
mal and hyperprolactinemic subjects. J Clin
Endocrinol Metab. 1986;62:202-209. [Crossref]
[PubMed]

Moria Y, Kortbawi R, EL-Asmar N, Arafah BM.
Increased androgen secretion in patients
with prolactinomas: the impact of altered HPA func-
tion. Pituitary. 2019;22:170-178. [Crossref]
[PubMed]

Hagag P, Hertzianu I, Ben-Shlomo A, Weiss M. An-
drogen suppression and clinical improvement with
dopamine agonists in hyperandrogenic-hyperpro-
lactinemic women. J Reprod Med. 2001;46:678-
684. [PubMed]


https://doi.org/10.1210/jc.2010-1692
https://www.ncbi.nlm.nih.gov/pubmed/21296991
https://doi.org/10.1530/eje.1.02107
https://www.ncbi.nlm.nih.gov/pubmed/16645024
https://doi.org/10.1210/er.2015-1104
https://www.ncbi.nlm.nih.gov/pubmed/27459230
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5045492
https://doi.org/10.1159/000341822
https://www.ncbi.nlm.nih.gov/pubmed/24002408
https://doi.org/10.1530/EJE-14-0253
https://www.ncbi.nlm.nih.gov/pubmed/24849517
https://doi.org/10.1093/humupd/dmr042
https://www.ncbi.nlm.nih.gov/pubmed/22064667
https://doi.org/10.1111/j.1365-2362.2011.02550.x
https://www.ncbi.nlm.nih.gov/pubmed/21623779
https://doi.org/10.1210/edrv.21.4.0401
https://www.ncbi.nlm.nih.gov/pubmed/10950156
https://doi.org/10.1056/NEJMcp033496
https://www.ncbi.nlm.nih.gov/pubmed/16354894
https://doi.org/10.1210/jc.2005-1457
https://www.ncbi.nlm.nih.gov/pubmed/16263820
https://doi.org/10.1210/jc.2003-031122
https://www.ncbi.nlm.nih.gov/pubmed/14764747
https://doi.org/10.1530/EJE-12-0938
https://www.ncbi.nlm.nih.gov/pubmed/23221034
https://doi.org/10.1210/jcem-55-2-251
https://www.ncbi.nlm.nih.gov/pubmed/6282921
https://doi.org/10.1210/jcem-56-3-562
https://www.ncbi.nlm.nih.gov/pubmed/6296189
https://doi.org/10.1016/0002-9378(81)90746-8
https://www.ncbi.nlm.nih.gov/pubmed/7258262
https://doi.org/10.1210/jcem.81.8.8768882
https://www.ncbi.nlm.nih.gov/pubmed/8768882
https://doi.org/10.3904/kjim.1993.8.1.8
https://www.ncbi.nlm.nih.gov/pubmed/8268149
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532080
https://doi.org/10.1210/jcem-62-1-202
https://www.ncbi.nlm.nih.gov/pubmed/2999177
https://doi.org/10.1007/s11102-019-00948-w
https://www.ncbi.nlm.nih.gov/pubmed/30798438
https://www.ncbi.nlm.nih.gov/pubmed/11499189

62

Unal et al.
Hyperandrogenemia in Prolactinoma

Turk J Endocrinol Metab
2020;24:55-62

21.

22.

23.

Sidhu HS, Srinivasa R, Sadhotra A. Evaluate
the effects of antiepileptic drugs on reproductive
endocrine system in newly diagnosed female
epileptic patients receiving either Valproate
or Lamotrigine monotherapy: a prospective study.
Epilepsy Res. 2018;139:20-27. [Crossref]
[PubMed]

Baptista T, Reyes D, Hernandez L. Antipsychotic
drugs and reproductive hormones: relationship to
body weight regulation. Pharmacol Biochem Behav.
1999;62:409-417. [Crossref] [PubMed]

Jiang XJ, Wu FX, Zhang JP, Shi L, Hu JQ, Zhu HZ,
Xiao B, Lin WC, Wen YG, Shang DW. Effects of
risperidone and aripiprazole on serum levels of pro-
lactin, testosterone and estradiol in female patients
with schizophrenia. Drug Res (Stuttg).
2018;68:410-414. [Crossref] [PubMed]

24.

25.

26.

27.

Martin KA, Chang RJ, Ehrmann DA, Ibanez L, Lobo
RA, Rosenfield RL, Shapiro J, Montori VM, Swiglo
BA. Evaluation and treatment of hirsutism in pre-
menopausal women: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab.
2008;93:1105-1120. [Crossref] [PubMed]

Lakhani K, Seifalian AM, Atiomo WU, Hardiman P.
Polycystic ovaries. Br ] Radiol. 2002;75:9-16.
[Crossref] [PubMed]

Kuroda S, Yonekawa Y, Kawano T. Pituitary pro-
lactinoma associated with polycystic ovary--case re-
port. Neurol Med Chir (Tokyo). 1991;31:736-739.
[Crossref] [PubMed]

Yavasoglu I, Kucuk M, Coskun A, Guney E,
Kadikoylu G, Bolaman Z. Polycystic ovary syndrome
and prolactinoma association. Intern Med.
2009;48:611-613. [Crossref] [PubMed]


https://doi.org/10.1016/j.eplepsyres.2017.10.016
https://www.ncbi.nlm.nih.gov/pubmed/29144993
https://doi.org/10.1016/S0091-3057(98)00188-9
https://www.ncbi.nlm.nih.gov/pubmed/10080231
https://doi.org/10.1055/s-0044-102093
https://www.ncbi.nlm.nih.gov/pubmed/29482256
https://doi.org/10.1210/jc.2007-2437
https://www.ncbi.nlm.nih.gov/pubmed/18252793
https://doi.org/10.1259/bjr.75.889.750009
https://www.ncbi.nlm.nih.gov/pubmed/11806952
https://doi.org/10.2176/nmc.31.736
https://www.ncbi.nlm.nih.gov/pubmed/1723164
https://doi.org/10.2169/internalmedicine.48.1829
https://www.ncbi.nlm.nih.gov/pubmed/19367058

