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Introduction: Drugs are estimated to cause about 10 -- 25% of all cases of

gynecomastia. Over the course of several decades, multiple medications

have been implicated in the development of gynecomastia mostly in the

form of case reports and case series. However, these reports suffer from a

multitude of deficiencies, including poor quality of evidence.

Areas covered: Studies were selected for this review by performing an

extensive electronic and hand-search using BIOSIS, EMBASE and Medline,

from 1940 to present, for all reported drug associations of gynecomastia

and their possible pathophysiology. Quality of evidence was assessed on a

three-point scale: good, fair and poor, and each of the drugs reported to

cause gynecomastia was assigned a level of strength. The pathophysiology

of gynecomastia is also discussed in detail for each of the drugs found to

have a good or fair evidence of association with gynecomastia.

Expert opinion: Most of the reported drug--gynecomastia associations

were based on poor quality evidence. The drugs definitely associated with

the onset of gynecomastia are spironolactone, cimetidine, ketoconazole,

hGH, estrogens, hCG, anti-androgens, GnRH analogs and 5-a reductase

inhibitors. Medications probably associated with gynecomastia include risper-

idone, verapamil, nifedipine, omeprazole, alkylating agents, HIV medications

(efavirenz), anabolic steroids, alcohol and opioids.
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1. Introduction

Gynecomastia is a benign proliferation of male breast glandular tissue caused by an
imbalance between the actions of estrogens relative to androgens at the level of
breast tissue [1,2]. Table 1 summarizes various medical causes of gynecomastia
and Figure 1 demonstrates various possible pathophysiological mechanisms leading
to its development [1,2].

Drugs are estimated to cause about 10 -- 25% of all cases of gynecomastia seen in
referral medical centers [3]. Multiple medications have been implicated in the devel-
opment of gynecomastia [4,5]. However, these reports suffer from a multitude of
deficiencies including poor quality of evidence. Many of the drug associations
have been based on anecdotal reports or small series, but not been subjected to
rigorous cause--effect analysis, and many lack a plausible pathophysiological expla-
nation. Gynecomastia is common, so just finding a temporal relationship alone is
not sufficient to ascribe a true association. Unfortunately, a number of these associ-
ations have made their way into the published medical literature time and again
without careful scrutiny leading to misinformation and confusion in the minds of
both patients and providers. Therefore, the authors have attempted to carefully
review the published literature for all the reported drug associations of gynecomastia
and their possible pathophysiology.
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1.1 Methods
Studies were selected by performing an extensive electronic
and hand-search using BIOSIS, EMBASE and Medline
from 1940 to present with the help of a professional librarian.
The key words used in different combinations were: gyneco-
mastia, drugs and name/class of specific medications being
reported to cause gynecomastia in the literature. Only English
language reports were included.

1.2 Levels of evidence
The criteria for analysis of causality and association in
adverse drug events (ADE) as described by Hill include the
strength of association, consistency of results from different
studies, specificity of association, temporal relationship,
dose--response relationship, biologic plausibility, experimental
demonstration and analogy [6]. Several other factors to con-
sider while making such assessment are latency period for
the ADE, exclusion of any other drugs or existing responsible
conditions, improvement of condition on de-challenge and
recurrence on re-challenge. De-challenge refers to withdrawal
of the drug, and re-challenge indicates re-introduction of
the suspected drug after resolution of the side effect on
de-challenge.
Several grading scales are in use to determine the quality of

an individual study, most prominent of which are the ones
used by the United States Preventive Task Force guidelines
(USPTF) and the GRADE Working Group [7,8]. However,
these grading systems are developed primarily for determining
the efficacy of a treatment or a screening tool. For the
present article, the authors defined a three-point scale for

evaluating the quality of evidence in order to determine
the strength of association between the reported drug and
gynecomastia as good (consistent high-quality evidence), fair
(inconsistent or limited evidence) and poor (lack direct
evidence) (Table 2) [7].

2. Drugs with good quality of evidence for
association with gynecomastia

2.1 Spironolactone
Gynecomastia can develop as early as 1 month after initia-
ting spironolactone. In a double-blind, randomized trial of
30 healthy men, gynecomastia occurred in 3 of 10 men recei-
ving 100 mg/day, and 5 of 8 getting 200 mg/day of spirono-
lactone as compared with none in 12 placebo patients [9]. In
another prospective study, six of nine healthy young men deve-
loped gynecomastia after receiving 400 mg of spironolactone
daily for 24 weeks [10]. Among 1663 heart failure patients
randomized to receive either spironolactone 25 mg/day or
placebo for 24 months, gynecomastia was noted in 10% in
the treatment group versus 1% in the placebo arm [11].

Spironolactone acts as an anti-androgen by binding to
the androgen receptors; lowers circulating testosterone by
increasing its metabolic clearance and preventing a compensa-
tory rise in testicular androgen synthesis; displaces estrogen
from sex hormone-binding globulin (SHBG) and increases
the peripheral conversion of testosterone to estrogen leading
to elevated estradiol [12]. Estradiol levels decrease and testos-
terone increase significantly 3 -- 6 months after stopping
spironolactone [12].

2.2 Cimetidine
Spence and Celestin reported a 20% incidence of gynecomas-
tia in a prospective study of 25 male duodenal ulcer patients
treated with cimetidine 1.6 g/day [13]. Symptoms developed
after 4 months of treatment and regressed within a month
of stopping therapy. In another prospective cohort study
involving 22 patients, cimetidine caused breast changes and
erectile dysfunction in 60% of men which resolved completely
in all cases when switched to ranitidine [14]. In the UK general
practice database of over 80,000 men, the relative risk (RR) of
gynecomastia among cimetidine users was 7.2 (95% confi-
dence interval (CI 4.5 -- 11.3) as compared with the non-users.
Users with a daily dose ‡ 1000 mg had more than 40 times
the risk of developing gynecomastia than the non-users.
The period of highest risk was 7 -- 12 months after starting
cimetidine treatment [15].

Cimetidine blocks the androgen receptors in the breast
leading to decreased androgen action causing the growth
of breast tissue because of ‘unopposed’ estrogen action [16].
Another possible mechanism includes decreased 2-hydroxy-
lation of estrogen leading to elevated serum estrogen levels [17].
There also are reports of cimetidine blocking testosterone bio-
synthesis and causing elevated prolactin levels in individual
cases [18].

Article highlights.

. Gynecomastia is benign proliferation of glandular tissue
of the breast in males.

. The reported prevalence of drug-induced gynecomastia
varies from 10 to 25% of all cases of gynecomastia.

. Most of the reported drug--gynecomastia associations
are based on poor quality of evidence.

. The drugs definitely associated with the onset of
gynecomastia are spironolactone, cimetidine,
ketoconazole, human growth hormone (hGH),
estrogens, human chorionic gonadotropin (hCG),
anti-androgens, gonadotropin-releasing hormone
(GnRH) analogs and 5-a reductase inhibitors.

. The drugs probably associated with gynecomastia
include risperidone, verapamil, nifedipine, omeprazole,
alkylating agents, HIV medications (efavirenz), anabolic
steroids, alcohol and opioids.

. A careful history should be taken to identify an
underlying drug or over-the-counter product known to
be associated with the development of gynecomastia
and drug de-challenge should be considered whenever
possible. Switching to other medications from the same
class with lower association with gynecomastia may
prevent re-emergence of gynecomastia.

This box summarizes key points contained in the article.
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2.3 Ketoconazole
Ketoconazole was first reported by DeFelice et al. to cause bilat-
eral mastalgia and gynecomastia in 3 of 40 patients who
received therapy. Breast pain abated after several weeks despite
continued therapy, although gynecomastia persisted [19]. In a
prospective multicenter study involving 160 patients who
received 400 -- 2000 mg of ketoconazole once daily for non-
meningeal or meningeal coccidiomycosis, 25 developed (21%)
gynecomastia. It appeared as early as 1 month and as late as
32 months after initiation of therapy. Gynecomastia was dose
related and increased at dose of more than 800 mg a day,
but resolved after ketoconazole therapy was discontinued [20].

Ketoconazole, in conventional doses transiently blocks
testosterone synthesis and adrenal response to corticotrophin
when studied in healthy volunteers. Higher therapeutic doses
of 800 -- 1200 mg/day causes a marked and much more
prolonged blockade which is still transient [21-23]. Ketocona-
zole also selectively displace dihydrotestosterone (DHT) and
estradiol from serum-binding globulins. Suppression of testic-
ular testosterone synthesis and displacement of estrogens
from SHBG may decrease the androgen/estrogen ratio and
contribute to the development of gynecomastia [24].

2.4 Growth hormone
In a systemic review of three randomized controlled trials,
gynecomastia was reported in 6% of human growth hor-
mone (hGH)-treated patients (n = 95) as compared with
none in placebo controls (n = 63) [25]. Gynecomastia
resolved within 3 months after hormone treatment was
stopped [26]. Recombinant GH and insulin-like growth
factor-1 (IGF-I) treatment lead to development of transient
tender gynecomastia in four of nine undernourished frail
elderly patients. Two were evaluated and found to have nor-
mal serum testosterone, follicle-stimulating hormone (FSH),
luteinizing hormone (LH) and prolactin levels [27]. Reduc-
tion in adipose tissue mass with GH therapy is associated
with redistribution of adipose tissue from abdominal to
peripheral areas [28,29]. In addition, GH and its downstream
effector IGF-I have been shown to induce mammary gland
hyperplasia in primates [30].

2.5 Gonadotropins
In a study of 60 men with hypogonadotrophic hypogonadism
treated with FSH and human chorionic gonadotropin (hCG)
for 6 months, 3 reported mild to moderate bilateral gyneco-
mastia. It improved in one case after hCG dose reduction [31].
However, in another prospective study, 5 of 18 men treated
with the same dose of hCG and FSH developed gynecomastia
as compared with none of the 18 males receiving pulsatile
gonadotropin-releasing hormone (GnRH) therapy. The inves-
tigators observed a significant increase in estradiol levels in the
former group [32]. The gynecomastia reported with hCG
therapy corresponds to physiological gynecomastia observed
during the puberty. hCG or LH stimulation of the Leydig cells
leads to an increase in the aromatase activity thus leading to
higher conversion of testosterone to estrogen [33].

2.6 Anti-androgen therapies
Gynecomastia can be an embarrassing side effect for men
receiving androgen deprivation therapy as seen in multiple
prospective and cross-sectional studies [34-36]. Treatment with
estrogen has the highest incidence of gynecomastia, at
40 -- 80%, anti-androgens, including flutamide, bicalutamide
and nilutamide, are next, with a 40 -- 70% incidence, followed
by GnRH analogs (goserelin, leuprorelin) and combined
androgen deprivation, both with incidences of 13% each [37].
Gynecomastia usually starts within the first year of hormonal
treatment and is initially reversible. It occurs secondary to the
increase in estrogen-to-androgen ratio or blockade of the
androgen receptor [35].

Anti-androgens block the binding of DHT to its cytosol
receptors and subsequent translocation of the receptor into
the nucleus. Bicalcutamide, a non-steroidal anti-androgen
was shown to block central androgen receptors as well which
results in an impaired negative feedback at the hypothala-
mic--pituitary level. This induces a rise in LH and testosterone
and peripheral aromatization which leads to significant rise in
estradiol levels [38].

Table 1. Medical causes of gynecomastia.

Increased estrogen activity
Increased estrogen production Leydig or Sertoli cell tumors

Eutopic or ectopic hCG-secreting
tumors
Adrenocortical tumors

Higher aromatization of
androgen to estrogen

Aging
Obesity
Hyperthyroidism
Liver disease
Familial or sporadic aromatase
excess syndrome
Klinefelter’s syndrome
Testicular tumors
Adrenal tumors
Refeeding after starvation

Exogenous estrogen exposure Topical estrogen creams
Oral estrogen ingestion

Decreased androgen activity
Primary gonadal failure Trauma

Chemotherapy
Radiation
Orchitis
Klinefelter’s syndrome
Congenital anorchia

Secondary hypogonadism Hypothalamic diseases
Pituitary failure
Kallmann’s syndrome

Decreased androgen action Androgen receptor defects
Miscellaneous diseases Chronic renal failure

Liver disease
HIV
Chronic illness

hCG: Human chorionic gonadotropin.

Drug-induced gynecomastia
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2.7 5a-Reductase inhibitors
In an observational cohort study of 14,772 men on finaste-
ride, gynecomastia or mastalgia occurred in 0.4%. The rate
of gynecomastia was 0.26 per 1000 patient-months of finaste-
ride therapy and it resolved on drug withdrawal in about
half the men [39]. In a report submitted to the Food and
Drug Administration (FDA), the range of onset of gyneco-
mastia was 14 days to 2.5 years (median, 180 days) after the
initiation of finasteride therapy [40]. Although most cases
have been described with a regimen of 5 mg/day of oral finas-
teride, Ferrando et al. reported four patients who developed
gynecomastia with 1 mg/day dose [41]. The rate of gynecomas-
tia was 4.5% with finasteride as compared with 2.8% with
placebo in a prostate cancer prevention trial involving
18,882 men [42]. In a 2-year open-label extension of three ran-
domized controlled studies involving 4325 patients taking
0.5 mg dutasteride, the incidence of gynecomastia was low
and relatively constant throughout the 4-year period (1.3% in
year 1, 1.3% in year 2, 1.8% in year 3 and 0.7% in year 4) [43].

Finasteride and dutasteride inhibit 5a-reductase, which
chemically reduces testosterone to DHT. As the conversion
to DHT decreases, the metabolism of testosterone to estra-
diol and androstenediol increases via the liver, testes and
peripheral blood (Table 3).

3. Drugs with fair quality of evidence for
association with gynecomastia

3.1 Risperidone
In a retrospective pharmacovigilance study involving the
FDA’s Adverse Event Reporting System database, a total of
796 cases of hyperprolactinemia and 186 gynecomastia cases
were reported to be associated with anti-psychotics. Of these
adverse event reports, the majority (702 cases of hyper-
prolactinemia and 118 gynecomastia cases) were attributed
to risperidone. Only risperidone had significantly higher
adjusted reporting ratios for both hyperprolactinemia and
gynecomastia [44].

All traditional first-generation anti-psychotics are known to
cause mild to moderate hyperprolactinemia due to their

dopamine D2 receptor blockade. Hyperprolactinemia fre-
quently occurs with risperidone but is rare with other atypical
anti-psychotics such as aripiprazole, clozapine, olanzapine,
quetiapine, ziprasidone [45]. Serum prolactin levels are gener-
ally greater than 100 ng/ml in patients with prolactin-
associated hypogonadism [46]. These levels are higher than
most patients with drug-induced gynecomastia, which rarely
exceed 100 ng/ml, the exceptions being with risperidone [47].
Although prolactin elevation can cause fullness in the breasts
and mild galactorrhea in patients whose breasts have been
stimulated by estrogens and progesterone, it does not lead to
true gynecomastia directly [48]. However, hyperprolactinemia
may reduce gonadotropin stimulation of the testes leading
to a reduction in testosterone levels [49].

3.2 Calcium channel blockers

(verapamil and nifedipine)
Various calcium channel blockers (CCB) have been implicated
in gynecomastia. Thirty cases of CCB-associated gynecomastia
were reported to the FDA [50], with 18 cases involving verapa-
mil and 11 nifedipine. Resolution of symptoms occurred in
those in whom discontinuation was attempted, although in
two cases gynecomastia persisted despite stopping therapy.
One patient experienced recurrence of symptoms on being
re-challenged with nifedipine. Subsequently, the Australian
Adverse Drug Reactions Advisory Committee also received
reports of 12 cases (7 with verapamil and 1 with nifedipine)
of gynecomastia associated with CCB [51]. Latency of onset
ranged from 1 to 18 months. Although in most cases, other
drugs were being taken as well, CCB were strongly implicated
as the cause of the adverse reaction.

Verapamil may increase serum prolactin and suppress
GnRH leading to decreased testosterone levels [52]. Another
mechanism might be an increase in serum estradiol concen-
tration by inhibition of cytochrome P450 3A activity.
Satoh et al. demonstrated inhibition of 3- and 7-glucuronida-
tion, 2-hydroxylation and 17-oxidation of estradiol with
various CCB including verapamil and nifedipine [53-55].

3.3 Omeprazole
Although the risk of gynecomastia in the UK general practice
analysis was not significantly increased with the use of omep-
razole (RR 0.6; 95% CI 0.1 -- 3.3) [56], 24 cases of gyneco-
mastia associated with proton pump inhibitors (PPI) were
identified in the Spanish pharmacovigilance database [57].
Omeprazole was used in 20 of the 24 reported cases, whereas
lansoprazole and rabeprazole were used in 3 and 1 cases,
respectively. The median time to onset was 91 days, ranging
from 8 days to 4.8 years. Fourteen patients were also receiving
other drugs at the time of adverse effect. In 11 of 15 cases,
gynecomastia improved after PPI withdrawal. Whereas in
five of six patients in whom the medication was not with-
drawn, the condition continued [57]. Earlier, the World
Health Organization’s (WHO) international drug monitoring
center reported 13 cases of gynecomastia with omeprazole

Table 2. Classification of quality of evidence for

strength of drug associations with gynecomastia.

Level of

evidence

Quality of evidence

Good Systematic review of randomized controlled trials, or
Randomized placebo-controlled trial, or
Prospective cohort studies with or without concurrent
controls plus good pathophysiological
explanation

Fair Retrospective studies, or
Case--control studies, or
Case series with good pathophysiological explanation

Poor Isolated case reports

Drug-induced gynecomastia
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therapy. The dose of omeprazole used was 20 mg daily for
most patients. The mean time to onset was 2.9 months [58].
Santucci et al. re-challenged their patient who had earlier
developed gynecomastia with 20 mg/day of omeprazole and
had a successful resolution within 4 weeks of drug withdrawal.
Six weeks after re-introducing the drug, the patient developed
a second episode of painful gynecomastia [59].

Omeprazole at high concentrations has some properties of
inhibiting the estradiol catalytic enzyme, cytochrome P450
in the liver [53]. This can lead to inhibition of estradiol meta-
bolism possibly causing elevated estrogen/androgen ratio
leading to breast tissue growth.

3.4 HIV drugs
Growing numbers of gynecomastia cases have been reported in
AIDS patients who are taking anti-retroviral therapy. Such
patients can also develop gynecomastia secondary to an under-
lying primary hypogonadism, increased aromatization of
exogenous testosterone given to treat it and pseudogyneco-
mastia from the fat redistribution syndrome. A longitudinal
study found that the incidence of gynecomastia in HIV-
infected male patients treated with highly active anti-retroviral
therapy was 0.8/100 patient-years, with a prevalence of 2.8%
in those treated for at least 2 years [60]. Gynecomastia was
reported in five male patients who were receiving protease
inhibitors associated with nucleoside reverse transcriptase
inhibitors (NRTI, stavudine in four cases and zidovudine plus
lamivudine in one case). Gynecomastia persisted in most cases
despite change in anti-retroviral drugs [61]. Donovan et al.
reported four cases of gynecomastia associated temporally
with initiation of saquinavir treatment with subsequent resolu-
tion in those who stopped taking the drug. However, one of the
patients was concomitantly taking ketoconazole and the other
one was on risperidone and pimozide [62]. In a retrospective
case--control study, efavirenz-containing regimen was strongly
associated with the development of gynecomastia (odds ratio
(OR) 20; p < 0.001) [63]. In a cross-sectional survey of
669 males treated with anti-retroviral therapy for at least
12 months, ultrasound-proven gynecomastia developed in
15 cases. A concurrent lipodystrophy was present in all cases.
Efavirenz-based treatment apparently prompted gynecomastia
in four patients, and worsened this sign in other four patients.
Despite the therapeutic changes, no significant amelioration of
gynecomastia was observed on follow-up [64]. Caso et al.
reported three cases of pathologically confirmed gynecomastia
without lipodystrophy syndrome in HIV-infected male patients
treated with efavirenz. The drug was not withdrawn and
gynecomastia persisted [65]. Qazi et al. noted in their series
of 15 patients, that true gynecomastia could occur with
the use of all currently available classes of anti-retroviral
medications [66].

A direct mammotrophic effect of anti-retroviral drugs
mimicking the action of estrogen on breast tissue has been
proposed [67]. Cytokine perturbations occurring with immune
restoration resulting in altered breast tissue estrogen

availability has also been suggested to cause gynecomastia [66].
Anti-retroviral therapy can cause an improvement in the
T-helper cell cytokine response [68], specifically an increased
production of IL-2 which has been shown to increase the
proliferation of human breast carcinoma cells in vitro [69]. In
addition, IL-6 has been shown to increase aromatase activity
in breast tissue, with a consequent increase in estrogen
available to stimulate breast growth [70].

3.5 Alkylating agents
Gynecomastia is known to occur in patients with testi-
cular cancer producing large amounts of hCG. This could
be likely due to stimulatory effects of hCG on testicular
estradiol secretion [71]. However, gynecomastia has also
been described secondary to chemotherapy for testicular
cancer [72-74] and malignancies including multiple mye-
loma [75,76], Hodgkin’s [75,77] and non-Hodgkin’s lym-
phomas [78]. Sixteen patients in complete remission after
chemotherapy or radiotherapy for testicular cancer were
reported to develop gynecomastia which appeared
2 -- 9 months after the end of therapy and had a mean
duration of 4.8 months [79]. These patients had statistically
significant higher levels of estradiol, FSH and estrogen/
testosterone ratio than the control group without gyneco-
mastia that had received similar treatment. Both groups
had low normal testosterone and normal levels of hCG,
prolactin and progesterone. Sherins et al. reported moder-
ate to severe gynecomastia in 9 of 13 pubertal boys who
had been treated for Hodgkin’s disease with mechloreth-
amine, vincristine, procarbazine and prednisone and sur-
vived at least 2 years. These boys had a 10-fold increase
in mean serum FSH, a threefold increase in mean LH
and reduced serum testosterone levels. However, gyneco-
mastia was not associated with an increase in estradiol lev-
els [77]. Among the commonly used anti-neoplastic agents,
alkylating agents have been most commonly associated
with primary testicular failure [80].

3.6 Anabolic steroids
Among a survey conducted in British gymnasia among
100 steroid abusers, subjective gynecomastia was reported in
34% [81]. The reported prevalence of gynecomastia in another
such survey was 52%. Most commonly taken anabolic
steroids were testosterone, nandrolone decanoate and methan-
drostenolone [82]. In another retrospective study involving
160 athletes, anabolic-androgenic steroids (AAS) users dis-
played more frequent gynecomastia (25 of 88) as compared
with non-users (2 of 68) [83]. High doses of AAS suppress
the hypothalamic--pituitary--gonadal (HPG) axis due to
negative feedback which may take weeks or months and
sometimes even longer to recover. Androstenedione, a major
AAS used in the USA before being withdrawn from the mar-
ket increased estradiol concentration in studies conducted in
healthy men [84,85]. In a study on the effects of nandrolone,
decanoate and testosterone in body builders for 6 months,

Drug-induced gynecomastia
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53, 77 and 87% reduction in serum testosterone, LH and
FSH values, respectively were recorded. In addition, 45% of
the subjects showed increase in serum estradiol, although
not statistically significant as compared with the control estra-
diol levels [86]. Gynecomastia due to the use of aromatizable
androgens can be easily explained by increased peripheral
conversion of androgen to estrogens.

3.7 Alcohol
Alcoholic men may have symptoms of decreased sexual func-
tion. The presence of atrophic testes and gynecomastia usually
implies chronic alcohol abuse. Both chronic and short-
term intake of alcohol can cause direct testicular damage
and impair function of the HPG axis, resulting in reduced tes-
tosterone production. The alcohol-induced increase in SHBG
further leads to low free testosterone levels. Some men with
alcoholic cirrhosis also have augmentation of serum estradiol
levels. Together these changes lead to increased estrogen-to-
testosterone ratio causing gynecomastia which may be revers-
ible following alcohol withdrawal [87-89]. There are also reports
in literature about the isolation and identification of variety of
phytoestrogens in alcoholic beverages which may contribute
to gynecomastia [90].

3.8 Opioids
Heroin and high-dose methadone (80 -- 150 mg/day) use is
associated with low plasma testosterone levels [91,92]. Gyneco-
mastia was noted in a methadone clinic in Virginia among
8 of 12 men on methadone maintenance program for
4 -- 11 years [93]. de la Rosa and Hennessey reported gyneco-
mastia in a 47-year-old man with a history of heroin use
undergoing methadone treatment (130 mg/day). Basal testos-
terone, LH and FSH were all below normal levels. The patient
had a suboptimal increase in LH and FSH after administra-
tion of GnRH. The patient’s symptoms regressed, and hor-
mone levels improved after reduction in methadone dosage
to 40 mg/day [94]. Methadone-induced suppression of testos-
terone levels is likely mediated by the inhibition of HPG
axis as well as the direct reduction at the testicular level [95].
In the face of low testosterone levels, androstenedione from
the adrenals is aromatized to estrone which is inter-converted
to estradiol (Table 4) (Figure 2).

4. Drugs with poor quality of evidence for
association with gynecomastia

Gynecomastia has also been associated with the use of numer-
ous other medications. However, the quality of evidence is
poor, primarily in the form of isolated case reports. Some of
the reported patients had underlying medical condition which
could explain the onset of gynecomastia, while others were
concomitantly taking drugs known to cause gynecomastia.
Most of these reports were just based on a temporal relation-
ship with the offending drug. Resolution of gynecomastia after
withdrawal of medication was not mentioned in few reports

and re-challenge with the same drug was rarely attempted.
The hormonal evaluation including the sex hormones and
prolactin was also not determined in a number of these cases.
Hence, their association with gynecomastia remains unproven.
These drugs have been summarized in Table 5.

5. Expert opinion

Gynecomastia is a relatively common presenting complaint at
the primary care and endocrine clinics. First and foremost pal-
pable glandular tissue needs to be differentiated from pseudo-
gynecomastia by careful physical examination using pincer
movement with thumb and forefinger while the patient lying
flat on his back with his hands clasped beneath his head. Once
diagnosis of true gynecomastia is established, a thorough his-
tory and physical examination should be performed to iden-
tify any reversible causes including any drugs or herbal
products. Most of the drug--gynecomastia associations
reported in the literature are based on poor quality of evi-
dence. The drugs definitely associated with the onset of
gynecomastia are spironolactone, cimetidine, ketoconazole,
hGH, estrogens, hCG, anti-androgens, GnRH analogs and
5-a reductase inhibitors. Medications probably associated
with gynecomastia include risperidone, verapamil, nifedipine,
omeprazole, alkylating agents, HIV medications (efavirenz),
anabolic steroids, alcohol and opioids. Drug holiday should
be considered whenever possible if the patient is found to be
taking any of above-mentioned drugs.

In adults with symptomatic gynecomastia with no apparent
cause, laboratory investigations should involve liver, renal and
thyroid function tests and a limited hormonal work-
up including testosterone, LH, hCG and estradiol levels as
the yield of work-up is usually low. Breast imaging may be
considered when signs and symptoms suggest breast cancer
or presence of BRCA-2 mutation is suspected from the
family history.

In adults with painful gynecomastia, a trial of the estrogen
receptor blocker tamoxifen can be attempted at doses of
20 mg/day orally for up to 3 months. In patients who are
likely to respond to tamoxifen, improvement is usually seen
within a month. The overall response rate to tamoxifen has
varied from 50 to 80% in the published literature. There are
insufficient data at this time to recommend the use of raloxi-
fene although it did show some encouraging results in small
studies. The experience with aromatase inhibitors has been
largely disappointing so far. It is important to note that
none of the selective estrogen receptor modulators are
approved by the FDA for the prevention or treatment of
gynecomastia. Further studies with a better study design and
adequate sample size are needed to conclusively establish the
role of tamoxifen and raloxifen in the management of symp-
tomatic gynecomastia. Having a placebo-treated control arm
with adequate follow-up is essential in such trials to evaluate
true efficacy of the medication studied as spontaneous
regression of breast tissue is quite common.

F. Deepinder & G. D. Braunstein
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In case of long-standing gynecomastia of more than 1 year
in duration, medical therapy is usually futile, and surgical
removal of breast glandular tissue can be offered to those
who are symptomatic or bothered by their appearance.
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140. Aguirre MA, Vélez A, Romero M, et al.

Gynecomastia and sexual impotence

associated with methotrexate treatment.

J. Rheumatol 2002;29(8):1793-4

141. Pandhi D, Gupta R, Singal A.

Gynaecomastia with oligospermia:

an unusual complication of low-dose

methotrexate for pustular psoriasis.

Clin Exp Dermatol 2006;31(1):138-40

142. Pulik M, Genet P, Lionnet F, et al.

Thalidomide-associated gynecomasty in a

patient with multiple myeloma.

Am J Hematol 2002;70(3):265

143. Iaria G, Urbani L, Catalano G, et al.

Switch to tacrolimus for

cyclosporine-induced gynecomastia in

liver transplant recipients.

Transplant Proc 2005;37(6):2632-3

144. Harmon J, Aliapoulios MA.

Gynecomastia in marihuana users.

N Engl J Med 1972;287(18):936

145. Olusi SO. Hyperprolactinaemia in

patients with suspected cannabis-induced

gynaecomastia. Lancet 1980;1(8162):255

F. Deepinder & G. D. Braunstein

794 Expert Opin. Drug Saf. (2012) 11(5)

E
xp

er
t O

pi
n.

 D
ru

g 
Sa

f.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Su
ss

ex
 L

ib
ra

ry
 o

n 
01

/1
1/

13
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



146. Allen RC, Wallace AM, Royce M.

Marinol-induced gynecomastia: a case

report. Am J Med 2007;120(10):e1

147. Sauer MA, Rifka SM, Hawks RL, et al.

Marijuana: interaction with the estrogen

receptor. J Pharmacol Exp Ther

1983;224(2):404-7

148. Tooley PH, Lack C. Gynecomastia

during treatment with amphetamine.

Lancet 1949;1(6555):650

149. Dardick KR. Gynecomastia associated

with theophylline. J Fam Pract

1984;18(1):141-2

150. Mendhekar DN. Clonidine-induced

gynecomastia and hyperprolactinemia in

a 6-year-old child. J Clin Psychiatry

2005;66(12):1616-17

151. Reid DM, Martynoga AG, Nuki G.

Reversible gynaecomastia associated with

D-penicillamine in a man with

rheumatoid arthritis. Br Med J (Clin Res

Ed) 1982;285(6348):1083-4

152. Roberts HJ. Vitamin E and

gynecomastia. Hosp Pract (Off. Ed.)

1994;29(1):12

153. De Bleecker JL, Lamont BH,

Verstraete AG, et al. Melatonin and

painful gynecomastia. Neurology

1999;53(2):435-6

154. Bridgman JF, Buckler JM. Letter:

drug-induced gynaecomastia. Br Med J

1974;3(5929):520-1

155. Jameel JKA, Kneeshaw PJ, Rao VSR,

et al. Gynaecomastia and the plant

product “Tribulis terrestris”. Breast

2004;13(5):428-30

156. Sahin M, Yilmaz H, Gursoy A, et al.

Gynaecomastia in a man and

hyperoestrogenism in a woman due to

ingestion of nettle (Urtica dioica).

NZ Med J 2007;120(1265):U2803

157. Henley DV, Lipson N, Korach KS, et al.

Prepubertal gynecomastia linked to

lavender and tea tree oils. N Engl J Med

2007;356(5):479-85

158. Martinez J, Lewi JE. An unusual case of

gynecomastia associated with soy product

consumption. Endocr Pract

2008;14(4):415-18

Affiliation
Fnu Deepinder1 MD &

Glenn D Braunstein†2 MD
†Author for correspondence
1Cedars-Sinai Medical Center,

Division of Endocrinology,

Diabetes and Metabolism,

Department of Medicine,

Los Angeles,

CA 90048, USA
2Cedars-Sinai Medical Center,

Department of Medicine,

Rm 2119 Plaza Level, 8700 Beverly Blvd,

Los Angeles, CA 90048,

USA

Tel: +1 310 423 5140;

E-mail: Braunstein@cshs.org

Drug-induced gynecomastia

Expert Opin. Drug Saf. (2012) 11(5) 795

E
xp

er
t O

pi
n.

 D
ru

g 
Sa

f.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Su
ss

ex
 L

ib
ra

ry
 o

n 
01

/1
1/

13
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


