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A B S T R A C T

Introduction. Recent studies have reported persistent sexual and nonsexual adverse effects associated with the
5α-reductase inhibitor finasteride.
Aims. The first aim was to review the clinical studies of persistent sexual and nonsexual adverse effects associated
with finasteride in younger men who took the medication for treatment of male pattern hair loss. The second aim
was to place these findings into context with what is known from basic and clinical studies about the hormones and
neurosteroids affected by finasteride.
Methods. Relevant published literature on the topic was reviewed. Clinical symptomatology in humans was corre-
lated with findings from rodent models to investigate possible underlying mechanisms.
Main Outcome Measures. Persistent sexual and nonsexual adverse effects were summarized.
Results. Two clinical studies have described persistent side effects associated with finasteride use in otherwise healthy
younger men. The sexual side effects are typically present in multiple domains that include erectile dysfunction, low
libido, and decreased orgasms. Erectile dysfunction may be related to low levels of dihydrotestosterone, which has
been shown to be an important androgen in both human and animal studies. Nonsexual side effects include
depression and decreased alcohol consumption that are linked to the neurosteroid allopregnanolone in both human
and animal studies. Three men with persistent side effects associated with finasteride were found to have lower
plasma and cerebrospinal fluid levels of several neurosteroids.
Conclusions. Persistent adverse effects of finasteride in younger men include erectile dysfunction, low libido, lack of
orgasms, depression, and decreased alcohol consumption. One study has found lower levels of several neurosteroids
in this population. Out of the various persistent side effects, erectile dysfunction and decreased alcohol consumption
have been the most studied in animal models. Further research is needed on who is susceptible to the persistent
adverse side effects of finasteride and on the underlying mechanisms of the medication. Irwig MS. Persistent sexual
and non-sexual adverse effects of finasteride in younger men. Sex Med Rev 2014;2:24–35.
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Introduction

T he 5α-reductase inhibitor finasteride was
approved for treatment of benign prostatic

hyperplasia (BPH) in 1992 and for male pattern
hair loss in 1997. It was well established through
multiple randomized, controlled trials (RCTs) that
the medication was associated with adverse sexual
side effects such as low libido, erectile dysfunction,
and ejaculatory disorders. The studies generally
concluded that the incidence of sexual side effects
was small and that these effects went away over
time with or without continuation of finasteride.

Nonetheless, close analysis of the RCTs of
finasteride reveals unanswered questions regarding
the duration of sexual side effects and subjects who
withdrew from the studies because of adverse sexual
effects. In a 6-year RCT in which only the first year
was double-blinded, rates of withdrawal for a sexual
adverse event were 0.2% for placebo, 0.7% for
finasteride 1 mg, and 1.3% for finasteride 5 mg in
the double-blind phase [1]. Information is lacking
on whether the sexual adverse events ever resolved
in these men. Similarly, the PROscar Safety Plus
Efficacy Canadian Two year (PROSPECT) Study
was an RCT of finasteride 5 mg for BPH that did
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not address the issue of resolution of adverse sexual
disorders [2]. This study stated “regardless of the
treatment group, the symptoms of sexual dysfunc-
tion tended to be of long duration.” A third example
comes from the Proscar Long-term Efficacy and
Safety Study that was a 4-year RCT in 3,040 men
with BPH [3]. Withdrawal from this study, specifi-
cally for an adverse sexual event, occurred in 4% of
the finasteride group and 2% of the placebo group.
Sexual adverse events resolved in 50% of the
finasteride group and in 41% of the placebo group.
The authors attribute these findings to “the natural
history of sexual dysfunction in this patient popu-
lation and a substantial placebo effect.” Whether
the adverse effects ever resolved has not been
published.

The RCTs for BPH have been included in this
section because they have been much larger and
longer than the few RCTs for male pattern hair
loss that may be underpowered to detect less
common adverse events. One RCT for male
pattern hair loss involved a different 5α-reductase
inhibitor, dutasteride, in which there was a case of
a young man with a persistent sexual side effect [4].
However, the etiology was not clear: “in 1 subject
decreased libido continued after therapy had been
stopped and was presumed by the subject to be
unrelated to the trial or drug therapy.”

In the case of Propecia® (Merck, Sharp &
Dohme Corp., Whitehouse Station, NJ, USA), the
warning bells began to ring when post-marketing
reports of persistent sexual side effects were
reported by two regulatory agencies in Europe. In
2008, the Swedish Medical Products Agency
patient information leaflet listed “persistent diffi-
culty having an erection after discontinuation of
treatment.” In 2009, the Medicines and Health-
care Products Regulatory Agency of the United
Kingdom similarly reported “difficulty having
erection after stopping treatment” [5]. In 2011,
two independent research groups published the
first reports of persistent sexual side effects associ-
ated with finasteride in younger men [6,7]. The
novelty in these reports was the concerning
finding that adverse effects of a medication can
persist for several years after its discontinuation.
While uncommon, irreversible side effects have
been described with other medications, most
notably the phenothiazines used for the treatment
of schizophrenia [8]. The specific neurotoxic
effects of this class of medication were tardive
dyskinesias that primarily consist of facial grimac-
ing and movements of the mouth, tongue, and
jaw.

This review focuses on the population of
younger men who have taken finasteride 1 mg (or a
similar dose) for male pattern hair loss. Studying
the sexual side effects of the medication in a
younger population is less prone to methodological
problems than using an older population in which
aging and comorbidities are confounding factors in
sexual dysfunction. Nonetheless, there is no reason
to believe that the effects observed in younger men
would not also be observed in older men. In fact,
one such study of finasteride 1 mg showed that
middle and older age men also report sexual side
effects [9].

First Studies

In 2011, Traish and colleagues published a report
about an otherwise healthy 24-year-old man who
began finasteride 1 mg for treatment of male
pattern hair loss in 1999 [6]. Within 2–5 days on
the medication, he developed testicular pain, low
libido, inability to achieve an erection, decreased
concentration, and depressed mood. Despite these
symptoms, he continued the medication for
approximately 1 month in the belief that the symp-
toms would be temporary. Several years later, he
subsequently sought treatment at sexual medicine
clinics in both the United States and Denmark,
and continued to have persistent sexual side effects
11 years after having stopped finasteride. The
remainder of this article is a review of the side
effects of 5α reductase inhibitors on libido, erectile
function, ejaculatory function, gynecomastia, and
depression.

The second study was a case series of 71
otherwise-healthy younger men aged 21–46 who
developed persistent sexual side effects temporally
associated with the use of finasteride [7]. None of
these men had any baseline sexual dysfunction nor
did they suffer from any medical or psychiatric
conditions prior to using finasteride. This study
was conducted principally via telephone and Skype
interviews as subjects lived across the United States
and around the world. Sexual function was assessed
using the Arizona Sexual Experience Scale, a vali-
dated instrument in which subjects assessed their
sexual function in five domains using a 6-point
Likert scale that ranged from hyperfunction (1) to
hypofunction (6) [10]. Sexual dysfunction corre-
lated to a total score of ≥19, if any one item was ≥5,
or if any three items were ≥4. This instrument was
selected based on its high reliability coefficients for
internal consistency and test-retest forms, accu-
racy, and brevity [11]. The mean total scores
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(± standard deviation) were 7.2 ± 2.0 before
finasteride, 22.2 ± 2.6 after finasteride at the time
of the interview, and 20.8 ± 3.6 at reassessment.
Figure 1 shows the mean scores for individual
domains before and after finasteride use. Among
the former users of finasteride in this study, sexual
dysfunction was almost always present in multiple
domains: 94% had low libido, 92% had erectile
dysfunction, 92% had decreased arousal, and 69%
had orgasm problems. In addition to worsening
sexual function, subjects reported a dramatic
decline in their all-inclusive sexual frequency
(including masturbation) from 25.8 episodes per
month before finasteride use to 8.8 episodes after
finasteride cessation. The minimum duration of
the persistent sexual side effects was 3 months with
a mean duration of 40 months. The limitations to
this study include selection bias, as many subjects
were recruited from an Internet forum called
Propeciahelp.com, as well as recall bias as subjects
had to retrospectively estimate their baseline sexual
function prior to starting finasteride.

Finasteride Background

Finasteride is a synthetic steroid that acts as alter-
native substrate for the 5α-reductase enzymes.
5α-reductase irreversibly reduces the double
bond at the 4,5 position in specific androgens,

progestins, and glucocorticoids via a nicotinamide
adenine dinucleotide phosphate (NADPH)
mechanism. Specifically, testosterone is converted
into dihydrotestosterone (DHT), progesterone
into dihydroprogesterone, and deoxycortico-
sterone into dihydrodeoxycorticosterone. These
hormones then are further metabolized in a revers-
ible reaction by 3α-hydroxysteroid dehydrogenase
to 3α-androstanediol, allopregnanolone (ALLO;
also known as 3α,5α-tetrahydroprogesterone),
and tetrahydrodeoxycorticosterone (THDOC). In
adult men treated with finasteride 5 mg daily for 4
months, lower plasma levels of many 5α-reduced
steroids were observed, including DHT, ALLO,
androsterone, and epiandrosterone [12].

Hulin-Curtis and colleagues have reviewed the
metabolism and pharmacogenetics of finasteride
[13]. Finasteride is initially metabolized through
hydroxylation and oxidation via the cytochrome
P450 enzymes. The second phase of metabolism
consists of glucuronidation. Finasteride is a
lipophilic compound that is able to cross the blood-
brain barrier. It is excreted primarily through
the gastrointestinal tract and less so through the
kidneys.

Thus far three isoforms of 5α-reductase have
been described. In humans, Type I is present in
the brain, liver, muscle, and skin. Type II is
present in epididymis, hair follicles, liver, pros-
tate, and seminal vesicles. Type III was described
relatively recently with a distribution in human
males in the brain, heart, lung, pancreas, colon,
stomach, liver, muscle, prostate, and testicle [14].
Andersson and Russell compared the structure of
human and rat 5α-reductases [15]. They found
that the human protein contained 259 amino
acids and was homologous to the rat protein in
only 60% of the amino acid sequence. The
enzymes that bind to finasteride have been found
to have significant genetic variation that may
account for the different affinities for the sub-
strate. For example, SRD5A2, which encodes
5α-reductase type 2, has missense substitutions
with at least eight described single-point variants,
three compound heterozygotes, and three
haplotypes that show different Michaelis con-
stants for testosterone and NADPH, different
maximum rates of reaction, and different inhibi-
tion constants for finasteride.

In the central nervous system (CNS) of adult
male mice, messenger RNA (mRNA) of 5α-
reductase type 1 is expressed in neurons but not in
glial cells using mRNA in situ hybridization [16].
The specific regions of brain were the amygdala,

Figure 1 The mean ASEX sexual dysfunction scores (with
95% confidence intervals) fell between 1 (extremely strong/
easily/satisfying) and 6 (absent/never). Differences in ASEX
variables before finasteride, after finasteride at the interview
(I) and after finasteride at reassessment (R) were compared
using two tailed paired t-tests. As compared to before
finasteride, all five scores at the reassessment were statis-
tically significant with a P < 0.0001. Orgasm Sat = orgasm
satisfaction. (Adapted from Irwig [66].)
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cerebellum, cortex, hippocampus, olfactory bulb,
striatum, and thalamus. In the adult rat brain,
immunohistochemical studies have shown that
5α-reductase type 2 is present in most regions,
with the highest presence in the prefrontal and
somatosensory cortex, olfactory bulb, thalamus,
hippocampus, amygdala, and cerebellum. Lower
levels were present in the midbrain and hypothala-
mus. Using double immunofluorescence labeling,
the authors found that 5α-reductase type 2 local-
ized in the neurons but not the glia [17].

Neurosteroids

Finasteride alters the concentrations of several
neurosteroids, a term that refers to steroids that are
locally synthesized in the brain or are metabolized
in the brain from steroids produced within the
gonads or adrenal glands. In general, neurosteroid
concentrations are higher in brain tissue than in
plasma and cerebrospinal fluid (CSF) [18]. In male
rats, plasma levels of most neurosteroids correlated
with their levels in the CSF. The plasma levels
of the following neurosteroids correlated with
their corresponding levels in most CNS structures
studied: dihydroprogesterone, ALLO, testoster-
one, DHT, and 3α-androstanediol [18]. As the
authors acknowledge, the measurements of
neurosteroids do not provide the full picture as
they are rapidly interconverted in the brain
tissue.

Neurosteroids have been found to play a wide
variety of roles in neurogenesis, neuroprotection,
plasticity, and synaptic formation and function. In
the brain, γ aminobutyric acid (GABA) is the major
inhibitory neurotransmitter. Two important
neurosteroids are ALLO and THDOC that are
modulators of the GABA receptor [19]. Using a
model of the hippocampus in mice, Ge and col-
leagues have described the process of synaptic
integration of new granule cells in the dentate
gyrus [20]. Depending on the developmental stage
of the mice, GABA signaling by neurosteroids
underlies how new synapses are formed. The sen-
sitivity of the GABAA receptor to ALLO can be
altered by withdrawal of neurosteroids, chronic
steroid administration, age, stress, and social
isolation [21].

Charalampopoulos and colleagues have re-
viewed the effects of neurosteroids on neuronal
survival and neurogenesis [22]. In one of their own
experiments, they describe the signaling pathway in
which ALLO activates the prosurvival transcrip-
tion factors cAMP response element-binding

protein and nuclear factor kappa B that control the
transcription of antiapoptotic Bcl-2 and Bcl-xL
genes [23]. Another relevant neurosteroid linked to
neurogenesis is DHT. In castrated male rats, injec-
tions of DHT for 30 days led to increased cell
survival in the dentate gyrus of the hippocampus
[24].

5α Reductase, Finasteride, and Neurosteroids

A small ground-breaking human study looked at
plasma and CSF levels of neurosteroids in three
men with persistent symptoms associated with
finasteride use [25]. In addition to the sexual
symptoms, the men suffered from anxious/
depressive symptomatology, chronic fatigue, and
muscle ache and tension. As compared with a
control group of five subjects, those with persis-
tent symptoms had lower CSF levels of ALLO,
isopregnanolone, and DHT, and higher levels of
testosterone and estradiol. The neurosteroids
were measured by liquid chromatography-tandem
mass spectrometry.

In male mice, finasteride has been found to alter
neuronal plasticity on a structural level [26]. Spe-
cifically, there were fewer newborn cells and young
neurons in the adult hippocampus region of
finasteride-treated mice. By lowering brain levels
of DHT (and possibly other neurosteriods),
finasteride decreases the rate of neurogenesis and
the proliferation of neural precursor cells.

In a mouse model of Niemann-Pick type C
disease, neurosteroids were found to play an impor-
tant role in neuroprotection and in the longevity of
the animals. Shortly after birth, mice with
Niemann-Pick type C disease experience a pro-
gressive reduction in 5α reductase activity over 10
weeks [27]. Consequently, the brains of these mice
have lower levels of neurosteroids such as
dihydroprogesterone and ALLO. When mice with
Niemann-Pick type C disease were administered
ALLO from post-natal days 21–23, their mean
lifespan significantly increased from 67 to 80 days.
As compared with mice that received an inactive
ALLO homolog, the administration of ALLO
markedly increased the survival of Purkinje cells in
the cerebellum. This survival was blocked with
bicuculline an antagonist of the GABAA receptor.
This implies that the effects of ALLO are at least
partially mediated by the GABAA receptor.

Progesterone and its metabolites are neur-
osteroids that also play an important role in
myelination. Consequently, blocking the produc-
tion of the metabolites of progesterone has been

Persistent Adverse Effects and Finasteride 27

Sex Med Rev 2014;2:24–35



found to have an adverse effect on the myelination
process. Using cultured cerebellum slices from
7-day-old rats, a 5α-reductase inhibitor partially
inhibited myelination as measured by myelin basic
protein immunostaining [28]. The inhibitory effect
of the 5α-reductase inhibitor was reversed by
administering ALLO, demonstrating the impor-
tant role of this progesterone metabolite.

Erectile Dysfunction

Out of the various persistent sexual side effects
associated with finasteride, erectile dysfunction
has been the best studied thus far. The most likely
culprit is DHT, which that has been shown to play
an important role in the erectile function of both
humans and rodents.

Long before the development of finasteride, a
different 5α-reductase inhibitor was shown to be
harmful in the erectile function of male rats
[29]. Using castrated animals, erection frequency
was higher in the group treated with a combina-
tion of DHT, T, and a 5α-reductase inhibitor
than the groups treated with testosterone only
or testosterone plus a 5α-reductase inhibitor. A
second study showed that erectile response to
electric field stimulation of the cavernosal
nerve was higher in castrated rats treated with
DHT and finasteride as compared with T and
finasteride [30]. A third study demonstrated that
DHT treatment markedly improved erectile
function in rats that had been castrated and
adrenalectomized [31]. These studies point to an
important physiological role for DHT in erectile
function.

In older rats, there are age-related declines in
both erectile function and in serum testosterone
concentrations. To determine the role of andro-
gens in erectile function in older rats (20 months
old), the animals were treated with either testos-
terone or DHT for 45 days via Silastic tubing [32].
As compared with control groups of younger rats
(5 months old) and untreated older rats, older rats
in both the testosterone and DHT treatment
groups showed restoration of erectile response as
measured by intracavernosal pressure with electri-
cal field stimulation of the cavernosal nerve. This
demonstrates the important role of DHT in erec-
tile function as DHT cannot be converted into
testosterone. This study found no differences in
nitric oxide levels or activity between the treated
and untreated older rats.

Using a 5α-reductase inhibitor, Pinsky and col-
leagues found that dutasteride had detrimental

effects on erectile function in rats [33]. In one
experiment, rats treated with dutasteride had a
decrease in vivo erectile response with cavernosal
nerve stimulation. A second experiment used strips
of smooth muscle from the corpora cavernosa
in tissue baths to demonstrate changes in con-
traction and relaxation. The dutasteride-treated
group exhibited less relaxation when subjected to
electrical stimulation and acetylcholine. A third
experiment used immunohistochemistry to show
increased collagen deposition, decreased staining
intensity of neuronal nitric oxide synthase, and
intense staining of inducible nitric oxide synthase in
the dutasteride group (Figure 2).

A second research group using finasteride also
confirmed worsening erectile function and histo-
logical changes in male rats treated with a
5α-reductase inhibitor. The weights of the
corpora cavernosa were 26% and 22% lower in
younger and older finasteride-treated rats, re-
spectively, as compared with controls [34,35]. In
addition, the smooth muscle cells of finasteride-
treated rats showed fewer autophagosomes as
shown by transmission electron microscopy,
increased apoptosis, decreased smooth muscle,
increased collagen deposition, and decreased
endothelial nitric oxide synthase. Another study
involving castrated male rats found that nitric
oxide activity was significantly higher in the T-
and DHT-treated groups as compared with the T
plus finasteride group [30].

To study persistent erectile dysfunction in a rat
model using a 5α-reductase inhibitor, Oztekin
and colleagues compared a control group with a
group on treatment with dutasteride for 8 weeks
and a group on treatment with dutasteride for 6
weeks followed by a 2-week washout period [36].
They found that certain parameters of decreased
erectile function persisted after the washout
period. First, there was decreased in vivo erectile
activity as measured by intracavernosal pressure/
mean arterial pressure and decreased total
intracavernosal pressure. Second, there was
decreased relaxation of smooth muscle after ace-
tylcholine. There were no changes to relaxation
of smooth muscle after electrical field stimulation
or sodium nitroprusside.

To complement the animal studies, two human
studies demonstrated that treatment with DHT
resulted in clinical improvement in erectile func-
tion. The first was an RCT of men aged 50–70
with ≤1 nocturnal penile tumescence per week, an
andropause symptom, and a total testosterone
≤15 nmol/L [37]. As compared with the placebo

28 Irwig

Sex Med Rev 2014;2:24–35



Figure 2 Immunohistochemical localization of nNOS and iNOS in rat penis (40× magnification). (A and B): nNOS staining
(dark brown) with decreased localization to the nerves of the corpus cavernosal smooth muscle from control (A) to treatment
(B) groups. (C and D): iNOS staining (dark brown) enhanced in the corpus cavernosal smooth muscle from the treatment
group. The negative control section processed without antibodies did not stain (data not shown). (E and F): Masson’s
trichrome (MT) staining results. MT staining is presented as ratio of smooth muscle : collagen in a percentage (mean ± stan-
dard deviation), which is markedly different between control (E) and treatment (F) groups. Quantitative analysis of collagen,
and smooth muscle content in cavernosal tissue was performed with an image analyzer. nNOS = neuronal nitric oxide
synthase; iNOS = inducible nitric oxide synthase. (Adapted from Pinsky et al. [33].)
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group, men treated with topical DHT for 6
months showed improvement in ability to main-
tain erection during intercourse. The second study
enrolled elderly men with total testosterone con-
centrations <10 nmol/L. In this study, treatment
with DHT increased the number of erections and
maximum rigidity to levels similar to those of older
men with testosterone concentrations >10 nmol/L
[38].

Low Libido and Decreased Orgasms

As compared with erectile function, low libido is
much more difficult to study, especially in humans.
Whereas erectile function and frequency can be
objectively measured, assessment of libido in
humans relies more heavily upon subjective data.
Pfaus has reviewed the complexities of the brain
systems and pathways involved in sexual excitation
and inhibition [39]. A central player in excitation is
the neurotransmitter dopamine. One dopaminer-
gic system is the diencephalic with terminals in the
medical preoptic area of the hypothalamus. A
second dopaminergic system is the mesolimbic/
mesocortical with projections to the nucleus
accumbens, amygdala, and frontal cortex. A third
dopaminergic system is the nigrostriatal with cell
bodies in the substantia nigra and terminals in the
striatum. Another excitatory neurotransmitter is
norepinephrine in which the cell bodies arise in the
locus ceruleus and project to a wide variety of areas
including the hypothalamus, cerebellum, cortex,
and limbic systems. Furthermore, other excitatory
systems involve melanocortins and oxytocin that
both arise in the hypothalamus and project to dif-
ferent areas of the hypothalamus, as well as the
limbic forebrain regions and posterior pituitary. On
the other side, inhibitory mechanisms of sexual
desire and arousal include serotonin, opioids, and
endocannabanoids.

Although the mechanisms between finasteride
and low libido and orgasm problems are less clear
than that of erectile function, 5α-reductase is
present in many of the important brain regions
linked to sexual desire. It is plausible to hypoth-
esize that the reduction in neurosteroid levels has a
negative effect on sexual desire because of a loss of
normal neuroprotection and changes in plasticity
based on several animal studies [26,27]. In a fasci-
nating study using intracerebral microdialysis in
freely moving rats, infusion of ALLO increased
extracellular concentrations of dopamine in the
nucleus accumbens, a region important to sexual
desire [40].

Depression

Although Irwig’s original case series set out to
examine persistent sexual side effects associated
with finasteride, it became apparent during the
interviews that many of the subjects had developed
depressive symptomatology, as well. In order to
formally study these symptoms using a validated
instrument, Irwig recruited 61 subjects to self-
administer the Beck Depression Inventory II (BDI-
II) [41,42]. To serve as a control group were 29 men
with male pattern hair loss but no history of
finasteride use and no history of psychiatric diag-
noses or medication use. The prevalence of depres-
sive symptoms, as defined by a score of ≥14 on the
BDI-II, was 75% in the finasteride group as com-
pared with 10% in the control group (P < 0.0001).
Furthermore, rates of moderate or severe depres-
sive symptoms, as defined by a score of ≥20 on the
BDI-II, were 64% in the finasteride group vs. 0% in
the control group. Finally, suicidal thoughts were
expressed by 44% of the finasteride group and 3%
of the control group (P < 0.0001). Among the 27
former finasteride users with suicidal thoughts,
three chose the statement “I would like to kill
myself.” The author is aware of several cases of
suicide in younger men who have taken and
developed persistent side effects associated with
finasteride.

Prior to this case series, there were two human
studies that examined the relationship between
finasteride use and depression. One was a retro-
spective study of 23 men and women treated with
finasteride in whom 19 developed depression that
resolved after medication discontinuation [43]. In
an attempt to determine causality, two of these 19
subjects were rechallenged with finasteride, and
both redeveloped depression within 2 weeks. The
second study measured scores on the BDI before
and during finasteride treatment in 128 men with
male pattern hair loss [44]. In this uncontrolled
study, mean scores were significantly higher after
having been on finasteride treatment for 2 months.

Depression has been associated with lower con-
centrations of neurosteroids in humans. Using
CSF, researchers found lower levels of ALLO in
depressed adults as compared with nondepressed
controls [45]. Likewise, serum ALLO concentra-
tions were lower in patients during a severe major
depressive episode as compared with when fully
recovered [46]. One study even found lower con-
centrations of serum GABAergic neurosteroids in
women in remission for several years from previ-
ous depression [47].
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To complement the human studies, finasteride
has also been linked to depression in rodents. One
behavioral method to assess depression in rodents
is the forced swim test in which the animal is
placed into a cylinder containing water. The time
spent immobile, as opposed to swimming, is con-
sidered depressive behavior. As compared with
female rats that were administered vehicle, rats
that received either subcutaneous finasteride or
an intrahippocampal implant of finasteride both
showed increased durations of immobility in the
forced swim test [48]. A similar study found that
finasteride increased depressive behavior in preg-
nant rats administered the forced swim test [49].
These rats were shown to have lower levels of
ALLO in both the plasma and hippocampus as
compared with a control group. A third study by
the same research group found that female rats
that received finasteride in the amygdala also had
increased depressive behavior as measured by the
forced swim test [50].

Decrease in Alcohol Consumption

In addition to assessing sexual function before and
after finasteride use, Irwig’s case series also col-
lected data on the number of alcoholic beverages
consumed prior to starting finasteride and after
discontinuing finasteride [51]. At baseline, 63 out of
83 subjects consumed at least one alcoholic drink/
week. Among this group, 65% noted a decrease in
alcohol consumption before and after finasteride
use. The mean (±standard error) number of drinks
consumed per week dropped from 5.2 ± 0.7 to
2.0 ± 0.3 (P < 0.0001). The largest decline was
observed among the eight subjects who consumed
at least 10 drinks/week prior to finasteride. Equally
noteworthy, 18 out of 63 men reported quitting
drinking entirely as a result of the effects that
alcohol had on their mental functions. These sub-
jects described that after finasteride, they had a
lowered tolerance for alcohol as well as decreased
euphoria.

In a placebo-controlled RCT of healthy human
social drinkers homozygous for the A-allele of
GABAA receptor α-2 subunit, pretreatment with
finasteride (two doses of 100 mg) resulted in
changes in the subjective response to three alco-
holic drinks [52]. Finasteride reduced the number
of stimulant effects of alcohol and numbing effects
of alcohol. Likewise, finasteride pretreatment in
male mice led the animals to drink less ethanol,
which varied during the treatment and withdrawal
phases [53–55].

The effects of finasteride on alcohol appear to be
modulated by ALLO. Different doses of ALLO
have been shown to influence the intake patterns of
alcohol in male mice and rats [56,57]. Acute alcohol
intoxication in humans results in increased levels of
plasma ALLO [58]. In rats, a similar phenomenon
is observed, whereby ethanol increases the levels of
ALLO and THDOC in the plasma, cortex, and
hippocampus [59]. In male rats, pretreatment with
finasteride decreased the levels of ALLO in the
cerebral cortex [60]. This study also looked at the
electrophysiological actions of ethanol and found
that finasteride pretreatment prevented the
ethanol-induced inhibition of spontaneous firing
rates in neurons of the medial septum/diagonal
band of Broca. Finasteride was also shown to inhibit
the effects of alcohol by decreasing the amplitude of
miniature inhibitory post-synaptic currents in rat
hippocampus [61]. On a cellular level, one area that
finasteride affects is the pyramidal neurons of the
CA1 region of the hippocampus in rats [62]. After
administration of alcohol, finasteride blocked the
staining of ALLO in this region. This same group
found that finasteride treatment to rat hippocampal
slices altered the effects of ethanol on a form of
synaptic plasticity known as long-term potentiation
[63].

Medication Warnings

Some might wonder why it has taken over 10 years
since the approval of Propecia for the persistence of
sexual and other side effects to be reported in the
medical literature. One major factor is the inci-
dence of the persistent side effects that is probably
quite low, likely to be less than 1%. Because only a
few thousand patients were studied in the RCTs of
finasteride for male pattern hair loss, these studies
were not adequately powered to detect an uncom-
mon or rare adverse effect. For this reason, post-
marketing studies are critically important to
identify less common adverse effects. It stands to
follow that a medication’s complete safety profile is
not fully established until it has been on the market
for several years and until a large enough popula-
tion has been exposed. Another well-described
factor is the underreporting of adverse effects of
medications. In a systematic review of 45 studies,
reasons noted for not reporting adverse medication
events included ignorance, diffidence, lack of inter-
est or time, indifference, insecurity about being
incorrect, and complacency [64].

Although the most plausible adverse effects of
finasteride would be sexual in nature because of
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lower concentrations of the potent androgen
DHT, most of the RCTs of the 5α-reductase
inhibitor did not use a validated instrument to
assess sexual function before and during treatment
with the medication. Reliance of self-reporting
and yes/no questions to ascertain adverse events
creates limitations to studying safety as these
studies likely would not detect minor or mild
decreases in sexual function.

Based on the published post-marketing reports
of persistent sexual side effects associated with
finasteride, as well as the significant media cover-
age of the topic, the U.S. Food and Drug Admin-
istration (FDA) conducted an investigation that
included several hundred adverse effect reports in
its database. In 2012, the FDA mandated changes
to the product labeling of finasteride (Propecia and
Proscar®) to broaden the list of persistent sexual
side effects [65]. Of note, depression was added to
the product labeling of Propecia in the United
States in 2010.

Future Avenues for Research

Unraveling the mechanisms behind the persistent
sexual and nonsexual effects of finasteride in
humans will be quite challenging for two obvious
reasons. First, finasteride alters the levels of mul-
tiple hormones and neurosteroids, making it diffi-
cult to tease apart the individual roles of a particular
hormone or neurosteroid. Second, studying the
inner workings of the brains of live humans will be
difficult because of anatomic constraints and risks.

One of the most intriguing aspects of this field
is the persistent nature of the adverse effects. A
pressing question for men suffering from the per-
sistent adverse effects is whether the effects will
ever go away. Irwig prospectively followed 54 men
with persistent sexual side effects who were reas-
sessed after a mean of 14 months after completing
the first study [66]. According to the Arizona
Sexual Experience Scale, 89% of subjects contin-
ued to fulfill the criteria for sexual dysfunction.
The changes in scores of sexual function were not
related to the length of finasteride use or the dura-
tion of the persistent sexual side effects.

In addition to the rat model described in the
erectile dysfunction section, finasteride treatment
for 30 days resulted in persistent changes in pros-
tate morphology in the epithelial and stromal
compartments of male gerbils of different ages
[67]. Similar to the studies of corpora cavernosa in
rats, there was an increased amount of collagen
among the smooth muscle cells in the gerbil study.

Although the mechanism underlying the persis-
tence of tardive dyskinesias associated with the
phenothiazines has still yet to be definitively
solved, one study has implicated the neuro-
steroid ALLO [68]. Perhaps finasteride and the
phenothiazines will share a common pathway for
some their neurotoxicities.

In addition to further elucidating the mecha-
nisms of the adverse effects, another important
avenue for research pertains to who is susceptible
to the persistent side effects of finasteride. Pre-
sumably, genetics would determine an individual’s
risk for a particular side effect. Ideally, a genetic
test would be developed in which a potential user
of a 5α-reductase inhibitor could be informed of
whether he would be at risk before making the
decision on whether to use the medication.

While calculating the incidence of persistent
adverse effects of finasteride would be helpful, this
question is less important clinically as an individual
contemplating the use of the medication cannot
predict if he will be unlucky. In addition, a study to
ascertain the incidence would need to enroll thou-
sands of men who would need to be followed for
several years as many subjects only developed per-
sistent effects after having been on the medication
for years at a time. Such a study realistically is
unlikely to be funded due to the high cost.

Conclusion

Persistent adverse effects of finasteride in younger
men include erectile dysfunction, low libido, lack of
orgasms, depression, and decreased alcohol con-
sumption. One study has found lower levels
of several neurosteroids (ALLO, DHT, and
isopregnanolone) in the CSF of this population.
Out of the various persistent side effects, erectile
dysfunction and decreased alcohol consumption
have been the most extensively studied in animal
models. Further research is needed on who is sus-
ceptible to the persistent adverse side effects of
finasteride and on the underlying mechanisms of
the medication. Although there are still many
unanswered questions, the basic and clinical studies
published thus far will provide a solid foundation
upon which to make further research discoveries.
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