Original Article

Penile vascular abnormalities in young men with persistent side
effects after finasteride use for the treatment of androgenic
alopecia
Mohit Khera1, Jeffrey K. Than2, James Anaissie1, Ali Antar1, Weitao Song1, Boriss Losso1,
Alexander Pastuszak3, Taylor Kohn4, Jorge Rivera Mirabal1
1

Scott Department of Urology, Baylor College of Medicine, Houston, TX, USA; 2Baylor College of Medicine, Houston, TX, USA; 3Division of

Urology, Department of Surgery, University of Utah School of Medicine, Salt Lake City, UT, USA; 4The James Buchanan Brady Urological Institute
at Johns Hopkins School of Medicine, Baltimore, MD, USA
Contributions: (I) Conception and design: All Authors; (II) Administrative support: All authors; (III) Provision of study materials or patients: M Khera; (I)
Collection and assembly of data: All authors; (I) Data analysis and interpretation: All authors; (I) Manuscript writing: All authors; (I) Final approval of
manuscript: All authors.
Correspondence to: Mohit Khera, MD. Professor, Scott Department of Urology, Baylor College of Medicine, 7200 Cambridge St, Suite 10B, Houston,
Texas 77030, USA. Email: mkhera@bcm.edu.

Background: The constellation of persistent sexual, neurological, and physical adverse effects in patients
who discontinue 5α-reductase inhibitors (5ARIs) has garnered recent concern. The objective of this study
was to evaluate potential penile vascular changes and persistent adverse effects of 5ARIs in men treated for
androgenic alopecia (AGA).
Methods: This was a prospective case-control study with 25 subjects with a history of 5ARI use for AGA
and 28 controls. Patient self-reported questionnaires including the International Index of Erectile Function
(IIEF), International Prostate Symptom Score (IPSS), Patient Health Questionnaire-9 (PHQ-9), the
Epworth Sleepiness Scale (ESS) and the Androgen Deficiency in the Aging Male (ADAM) were used. Penile
duplex Doppler ultrasound (PDDU) results were evaluated in men with a history of 5ARI use.
Results: A significant difference in total IIEF score between the 5ARI (median: 35; IQR: 29–43) and
control group (median: 29; IQR: 27–32) (P=0.035) was observed. Seventeen 5ARI subjects (68%) had a
vascular abnormality on PDDU. The median (IQR) for total IPSS score for the 5ARI group was 10 [5–16]
compared to 3 [2–8] for the controls (P<0.01). The 5ARI group had a higher median total PHQ-9 score than
controls [10 (6.5–16) vs. 1 (0–2) (P<0.001)]. Two subjects (8%) committed suicide during or after the study.
Conclusions: While the sexual side effects of 5ARIs are well known, there may be persistent genitourinary,
physical, psycho-cognitive, anti-androgenic and penile vascular changes after 5ARI discontinuation. Use of
5ARIs for treatment of AGA may lead to persistent sexual, genitourinary, physical, psycho-cognitive, and
anti-androgenic sequelae even after cessation of 5ARI therapy.
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Introduction

competitive inhibition of the enzyme 5α-reductase (1,2).

5ARIs are approved for treatment of benign prostatic
hyperplasia (BPH) and AGA. 5ARIs inhibit the conversion
of testosterone to dihydrotestosterone (DHT) through

Although 5ARIs can be highly beneficial in the above
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populations, they are associated with known adverse effects
including decreased libido and erectile dysfunction (ED).
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Given concerns regarding persistent adverse sexual side
effects, the FDA amended the 5ARI package insert label
to include a warning of sexual dysfunction that may persist
after stopping the medication (2). This is not a negligible
risk, which has led to the creation of patient advocacy
groups that intend to understand, explain, and possibly help
treat persistent 5ARI side effects (3).
PFS describes the persistent negative sexual, neurological,
and physical symptoms in patients who have taken 5ARIs (3).
Although sexual side effects of 5ARIs are well described in
the literature, many questions still exist surrounding other
side effects including severe depression (4), cognitive decline
and genitourinary and musculoskeletal complaints. A recent
review indicated that finasteride may impact the physical,
psychiatric, and cognitive domains (5) in addition to sexual
and genital function.
Most of the current literature on PFS supports increased
rates of ED and low libido in patients taking 5ARIs (6).
More worrisome, however, are data observing an increased
risk of persistent sexual side effects despite discontinuation of
the medication (7,8). In addition to ED and low libido, adverse
effects of finasteride may include penile atrophy, diminished
ejaculatory volume and force, and an increased incidence of
Peyronie’s disease; the latter of which may be mediated by a
decreased effect of DHT on male genitalia (9-11).
The effects of finasteride on BPH are well established
in the literature (12). Finasteride acts at the level of
5α-reductase, blocking the conversion of testosterone to
DHT. There are two main 5α-reductase isotypes with
localized effects. Broadly speaking, type 1 5α-reductase
affects most tissues of the body while type 2 specifically
affects genital tissue, namely the prostate (13). As a selective
type 2 5ARI, finasteride acts primarily on genital tissue,
reducing the level of DHT primarily in the prostate,
leading to a low androgen state within the prostate.
Patients who have taken finasteride also report changes
in body composition. Male gynecomastia is commonly
reported (9,11). Physical changes appear to stem from
aromatization of testosterone that is not metabolized by the
5α-reductase pathway (14). Additionally, patients commonly
report muscle weakness and twitching, as well as increased
fat deposition after stopping finasteride—though objective
assessments have not yielded measurable changes in fat
distribution or strength (9,15).
Psychiatric and cognitive changes reported by PFS
patients may be mediated by 5ARI effects on neurosteroid
and neurotransmitter levels (15). These neurohormonal
changes could contribute to the high rates of depressive
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symptoms reported by men after 5ARI use (15,16). In
addition, 5ARI use has been correlated with higher rates
of self-reported anxiety as well as memory and attention
disturbances (9,11,15). Of note, no significant decrease in
cognitive performance was appreciated after evaluation
of these patients (15). A recent study found high rates
of a previous psychiatric diagnosis in PFS patients or in
first-degree relatives, suggesting a possible risk factor for
developing PFS (14).
Given the wide range of symptoms after the initiation of
finasteride, the present study sought to further describe the
persistent sexual, genitourinary, physical, psycho-cognitive,
and anti-androgenic effects of 5ARIs in men treated for
AGA.
Methods
We performed a prospective case-control study to evaluate
the effects of 5ARIs on multiple men’s health parameters.
Twenty-five subjects who took 5ARIs for AGA (experimental
group) were compared to 28 controls who did not take
5ARIs (control group). All 25 subjects in the experimental
group took finasteride and one took dutasteride after
stopping finasteride. Twenty-five control patients who had
not taken 5ARIs and were separately being evaluated for
circumcision were included.
The study was approved by the Institutional Review
Board of Baylor College of Medicine and informed consent
was taken from all the patients prior to the start of the study.
The study took place at the Baylor College of Medicine
Medical Center Urology Clinic in Houston, Texas from
March 2013 to September 2018. Eligibility criteria included
men over 18 years of age who were being seen for sexual
dysfunction at the primary investigator’s (M Khera) clinic.
Sexual, genitourinary, physical, psychiatric, cognitive,
and androgenic characteristics were analyzed using validated
questionnaires or self-reported complaints. Sexual function
was assessed using patient-reported sexual complaints, the
validated International Index of Erectile Function (IIEF)
questionnaire scores and penile duplex Doppler ultrasound
(PDDU). PDDU was performed by administering
intracavernosal injections to induce erection and recording
peak systolic and end diastolic velocities, after a baseline
evaluation of the penis in the flaccid state. Measurements
were recorded at 5 and 15 minutes by a certified ultrasound
technician and reviewed by the principal investigator.
Genital function was assessed by patient-reported genital
complaints and using the validated International Prostate

Transl Androl Urol 2020;9(3):1201-1209 | http://dx.doi.org/10.21037/tau.2020.03.21

Translational Andrology and Urology, Vol 9, No 3 June 2020

1203

Table 1 Comparison of baseline characteristics between 5ARI and control groups
Variable

5ARI group

Age (years)
Duration of 5ARI use (months)
2

Controls

P value

38 [33–42]

41 [35–62]

0.13

18 [4–96]

0 [0–0]

–

BMI (kg/m )

24.5 [22.1–25.8]

30.6 [27.1–33.3]

<0.001

Testosterone (ng/dL)

450 [373–558]

315 [249–319]**

****

DHT (ng/dL)

366 [373–509]

Hemoglobin (g/dL)

15.9 [15.2–16.3]

***
14.9 [14.3–15.5]

0.07

Results displayed as median [interquartile range]. **, only available for 3 controls; ***, available for no controls; ****, too few observations to
calculate.

as median and interquartile range, respectively. KruskalWallis test was used to compare categorical and ordinal
variables. R 3.4.1 was used for all statistical analyses, with
P<0.05 considered statistically significant.

Table 2 IIEF total and sub-domain scores of PFS patients
IIEF domain

Experimental

Erectile function

9 [5–10]

Orgasmic function

6 [5–6]

Sexual desire

9 [8–10]

Intercourse satisfaction

6 [0–10]

Overall satisfaction

10 [7–10]

Total

35 [29–43]

Results
Baseline characteristics

Results reported as: median [interquartile range]. IIEF,
International Index of Erectile Function; PFS, Post-Finasteride
Syndrome.

Symptom Score (IPSS) questionnaire. Physical function was
assessed by subject-reported musculoskeletal complaints.
Psychiatric and cognitive function was evaluated using
the validated Patient Health Questionnaire (PHQ-9) and
the Epworth Sleepiness Scale (ESS). Lastly, hypogonadal
symptoms were characterized using the Androgen
Deficiency in the Aging Male (ADAM) questionnaire. A
positive result on the ADAM questionnaire was defined
as an affirmative answer (‘‘yes’’) to questions 1 or 7 or any
3 other questions (16).
Both subjects and controls took the following validated
questionnaires: IIEF, IPSS, PHQ-9, ESS and ADAM. Only
subjects who had taken 5ARI underwent PDDU and were
queried about genital and musculoskeletal complaints using
non-validated surveys.
Baseline, demographic, laboratory and questionnaire
results were extracted from medical records. Variables
were tested for normal distribution using the Shapiro-Wilk
test. As variables were uniformly not normally distributed,
measures of central tendencies and variability were reported
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The 5ARI group subjects had a median finasteride
exposure of 18 months with an interquartile range (IQR)
of 4 to 96 months. Eleven of twenty-five (44%) subjects
used 1 mg of finasteride (0.2–1.25 mg). One subject used
0.5 mg of dutasteride for 24 months after discontinuation of
finasteride, which he had taken for 96 months. Median total
testosterone level was 450 ng/dL (IQR, 373–558 ng/dL).
Median DHT value was 366 ng/dL (IQR, 373–509 ng/dL).
Median age was 38 years (IQR, 33–42 years). Median body
mass index (BMI) was 24.5 kg/m2 (IQR, 22.1–25.8 kg/m2).
Baseline characteristics are summarized in Table 1.
Sexual function
The IIEF questionnaire was completed by 23 of 25 (92%)
subjects in the 5ARI group and 14 of 28 (50%) patients
in the control group. A significant difference in total
IIEF score between subjects in the 5ARI (median: 35;
IQR: 29–43) and control group (median: 29; IQR: 27–32),
P=0.035) was observed. IIEF domain scores—erectile
function (EF), orgasmic function (OF), sexual desire (SD),
intercourse satisfaction (IS), and overall satisfaction (OS)
are summarized in Table 2. Of note, when comparing the
5ARI group to controls, there were significant differences
only in the SD (9 vs. 4, P<0.001) and OS domains (10 vs.
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Table 3 Comparison of IPSS questions and total scores between experimental and control groups
IPSS questions

5ARI group

Controls

P value

Question 1: How often have you had the sensation of not emptying your bladder?

2 [0–3]

0 [0–0.5]

0.005

Question 2: How often have you had to urinate less than every two hours?

2 [1–3]

0 [0–1.5]

0.024

Question 3: How often have you found you stopped and started again several times
when you urinated?

1 [0–2]

0 [0–1]

0.282

Question 4: How often have you found it difficult to postpone urination?

0 [0–2]

0 [0–0.5]

0.332

Question 5: How often have you had a weak urinary stream?

1 [0–2.5]

0 [0–0]

0.029

Question 6: How often have you had to strain to start urination?

0 [0–1]

0 [0–0]

0.152

Question 7: How many times did you typically get up at night to urinate?

1 [1–2.5]

1 [0.5–1.5]

0.570

Question 8 (not scored): If you were to spend the rest of your life with your urinary
condition just the way it is now, how would you feel about that?

2 [1.3–3]

1 [0.5–2]

0.029

3 [2–8]

0.009

IPSS total

10 [5–16]

Results displayed as median [interquartile range]. Higher scores suggest worse urinary symptoms. IPSS, International Prostate Symptom
Score.

5, P<0.001). No significant differences were noted in the
erectile function (9 vs. 11, P=0.378), OF (6 vs. 6, P=0.477)
and IS (6 vs. 4, P=0.164). Twenty-four of twenty-five (96%)
patients in the 5ARI group underwent PDDU. In total, 17
of 25 (68%) of subjects in the 5ARI group had some vascular
abnormality on penile Doppler ultrasound. Eight of twentyfour (32%) patients had arterial insufficiency [defined as peak
systolic velocity <25 cm/s (17)], while 5 of 25 (20%) patients
fell into the “gray zone” of possible ED, defined as a peak
systolic velocity between 25–35 cm/s (17). Four of twentyfour (16%) patients had venous leak, defined as an end
diastolic velocity >5 cm/s (17).
Genitourinary function
All 5ARI subjects were asked about subjective genital
complaints. Nine of twenty-five (36%) subjects reported
either increased descent of the testicles while the same
number reported loss of penile length. Fifteen of twentyfive (60%) subjects reported some element of genital pain or
numbness after starting finasteride. In total, 18 of 25 (72%)
of all subjects reported at least one genital complaint.
Twenty-three of twenty-five subjects (92%) in the 5ARI
arm completed the IPSS compared to 15 of 28 (54%) in
the control arm. The median (IQR) for total IPSS score
for the 5ARI arm was 10 [5–16] compared to 3 [2–8] for
the controls (P<0.01). 5ARI subjects scored significantly
worse on questions 1, 2, 5, and 8 which corresponded with
incomplete emptying (P<0.01), frequent urination (P=0.02),
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weak stream (P=0.03), and overall quality of life (P=0.03), as
demonstrated in Table 3.
Musculoskeletal effects
All subjects in the 5ARI group were queried with regards to
musculoskeletal complaints, with 12 of 25 (45%) of 5ARI
subjects reporting fatigue, and 5 of 25 (25%) reporting
muscle atrophy. Three of 25 (12%) reported gynecomastia,
weight loss, back pain, lower extremity pain and visual
disturbance. Two of 25 (8%) reported weight gain, ocular
hyperhidrosis, throat tightness, constipation, polydipsia,
and cold flashes. One of 25 (4%) mentioned tremors,
xeroderma, xerophthalmia, hypothermia, palpitations,
muscle spasms, rapid aging, swollen face, and facial flushing.
Overall, 19 of 25 (76%) of the subjects reported at least one
musculoskeletal complaint.
Psychological and cognitive function
The 5ARI group had a higher median total PHQ-9 score
when compared with the control arm [10 (6.5–16) vs. 1
(0–2), P<0.001], suggesting a higher degree of depression in
the 5ARI group. Men in the 5ARI group had significantly
higher scores on 8 of the 9 questions in the PHQ-9 when
compared to controls (P<0.05). There was no statistically
significant difference in scores between the groups in
psychomotor agitation or retardation, though this did trend
towards significance (P=0.073). The median total score
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Table 4 Comparison of PHQ-9 questions, total scores and score interpretation between experimental and control groups
PHQ9 questions

5ARI group

Controls

P value

Question 1: Little interest or pleasure in doing things

2 [1–3]

0 [0–0]

<0.001

Question 2: Feeling down, depressed, or hopeless

1 [0.5–2.5]

0 [0–0]

<0.001

Question 3: Trouble falling or staying asleep, or sleeping too much

1 [0–2]

0 [0–0]

0.025

Question 4: Feeling tired or having little energy

2 [1–3]

0 [0–0]

<0.001

Question 5: Poor appetite or overeating

1 [0–2]

0 [0–0]

0.014

Question 6: Feeling bad about yourself—or that you are a failure or have let yourself
or your family down

1 [0.5–2]

0 [0–0]

0.001

Question 7: Trouble concentrating on things, such as reading the newspaper or
watching television

1.5 [0.25–2]

0 [0–0]

0.001

Question 8: Moving or speaking so slowly that other people could have noticed? Or
the opposite—being so fidgety or restless that you have been moving around a lot
more than usual

0.5 [0–1]

0 [0–0]

0.073

1 [0–1]

0 [0–0]

0.007

1 [0–2]

<0.001

Question 9: Thoughts that you would be better off dead or of hurting yourself in
some way
PHQ9 total

10 [6.5–16]

Results displayed as median [interquartile range] or number of men/total men. Higher numbers are indicative of worse depressive
symptoms

of the 5ARI group was suggestive of moderate depressive
symptoms (10–14 points). In a question evaluating the level
of dysfunction in the patients’ lives due to the symptoms,
the vast majority of men in the control group reported “No
Difficulty At All,” while the majority of men in the 5ARI
group reported symptoms making life “somewhat difficult”.
Four of twenty-three men reported symptoms being “very
difficult” and another 4 men reported symptoms being
“extremely difficult”. These results are summarized in Table 4.
There was no difference in the median total ESS scores
between the experimental (median: 5.5; IQR: 3–10.5) and
control arms (median: 6; IQR: 3–8.5) (P=0.929). There was
also no difference in responses to individual ESS questions.
Eighteen patients (72%) in the experimental group had a
history of depression with or without anxiety documented in
their chart. Two patients (8%) in the 5ARI arm committed
suicide during or after the study period, whereas none of
the control subjects did.
Symptoms of androgen deficiency
On the ADAM questionnaire, the 5ARI group answered
yes to questions 1, 2, 3, 5, 6, 7, 10 while the control group
answered yes to question 7. These results suggest that those
patients in the 5ARI group were more likely to have signs
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and symptoms of hypogonadism. The two groups had a
significant difference in scores for questions 1,2, 3, 5, 6 and
10 (all P<0.05). These were questions regarding decrease
in libido, lack of energy, decrease in strength or endurance,
decrease in enjoyment of life, feeling “sad” or “grumpy” and
recent deterioration in work performance (all P<0.05). 5ARI
subjects scored similarly to controls in questions regarding
height loss, decrease in erection strength, deterioration in
ability to play sports and falling asleep after dinner (P>0.05).
A summary of these results is available in Table 5.
Discussion
This article sheds further light on the persistent sexual,
psychological and voiding symptoms in this patient
population. In addition, to our knowledge, this is the first
study to present PDDU data in men who took 5ARIs for
AGA. In this analysis, patients in the experimental group
had a higher total IIEF score after 5ARI treatment when
compared to controls. However, even though the overall
IIEF score was higher, the groups had similar erectile
function domain scores, which are in line with scores from
patients with sexual dysfunction (18). It is noteworthy that
the experimental cohort had abnormal low scores in the
erectile function, OF and IS domains compared to historical
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Table 5 Comparison of ADAM questions between experimental and control groups (list in the graph below what each of the 10 questions asked)
ADAM questions

5ARI group

Controls

P value

Q1: Do you have a decrease in libido (sex drive)?

1 [1–1]

2 [1–2]

0.006

Q2: Do you have a lack of energy?

1 [1–1.5]

2 [1.5–2]

0.015

Q3: Do you have a decrease in strength and/or endurance?

1 [1–2]

2 [1.25–2]

0.039

Q4: Have you lost height?

2 [2–2]

2 [2–2]

0.988

Q5: Have you noticed a decreased “enjoyment of life”

1 [1–1]

2 [2–2]

<0.001

Q6: Are you sad and/or grumpy?

1 [1–1.5]

2 [2–2]

0.005

Q7: Are your erections less strong?

1 [1–2]

1 [1–2]

0.347

Q8: Have you noticed a recent deterioration in your ability to play sports?

2 [1–2]

2 [2–2]

0.117

Q9: Are you falling asleep after dinner?

2 [1.5–2]

2 [1–2]

0.473

Q10: Has there been a recent deterioration in your work performance?

1 [1–2]

2 [2–2]

0.045

Results displayed as median [interquartile range]. The results are displayed as follows: 1= the subject answered yes to the question; 2=
the subject answered no to the question

IIEF controls (18). In line with this study, most of the
previously published literature points to a high prevalence
of sexual side effects with 5ARI administration. In a recent
systematic review and meta-analysis of 17 randomized,
placebo-controlled studies on the use of finasteride and
dutasteride for treatment of BPH that included over 46,000
patients, these medications led to significantly higher rates
of hypoactive SD and ED (6).
A considerable number of subjects had vascular
abnormalities on PDDU. Some reports suggest that
PDDU changes could serve as a marker of potential system
wide cardiovascular changes. A recent article by Caretta
et al. assessed the relationship between abnormal PDDU
characteristics and rate of major adverse cardiovascular
events (19). Although the authors found that abnormal Peak
Systolic Velocity (PSV <30 cm/s) values were not significantly
associated with increased risk of cardiovascular events,
the authors did note an increase in cardiovascular events
(RR 3.2, 95% CI: 1.2–8.8) in subjects with abnormal cavernosal
artery morphology (intima media thickness >0.4 mm).
This association was significant even when controlling for
baseline risk factors including age, blood sugar level, total
cholesterol, hypertension and smoking status. Further
studies should include measurements of a penile plaque and
arterial morphological characteristics in subjects with 5ARI
exposure, as these may provide a more complete picture of
penile vascular physiology in patients exposed to 5ARI.
Subjects in the 5ARI group had higher IPSS scores
than controls. BPH is increasingly being thought of as
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an immune modulated condition, with studies showing
a significant relationship between the level of lower
urinary tract symptoms (LUTS) and markers of chronic
inflammation (20). Although inhibition of 5α-reductase
is a primary mechanism of treatment, the low DHT
environment associated with finasteride may potentiate
inflammation, and paradoxically worsen BPH symptoms.
Recent studies have shown that a low DHT environment in
the prostate can recruit CD8 T cells to prostatic epithelial
cells (21). Follow up studies have shown that these CD8
cells can induce further proliferation of these epithelial cells
through CCL5/STAT1/CCND1 signaling pathways (22).
This proliferation, thought to be the cause of therapeutic
failure after finasteride treatment for BPH, may also provide
an explanation of our findings. 5ARIs may not have had a
treatment effect on lower urinary tract symptoms (LUTS)
in our patient cohort as these are younger men and likely to
have prostates significantly smaller than 40 cc (23).
The musculoskeletal domain results we observed
were in line with or more significant than those in other
studies. Our study subjects reported a 12% prevalence of
gynecomastia, which is higher than the 1–5% reported in
other studies (24,25), but closer to self-reported patient
accounts (26). The reported 20% muscle atrophy rate was
higher than the self-reported rate of 5.8–9.3% in the Food
and Drug Administration Adverse Event Reporting System
Database (FAERS) (26). Eight percent of our patient
cohort reported weight gain, similar to the 9.4% reported
in FAERS (26). Although not quantified in the general
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population, complaints regarding loss of genital sensation
or change in genital appearance associated with finasteride
use are becoming increasingly well documented in the
literature. Multiple studies have shown the percentage of
men reporting genital sensory changes to be anywhere from
79–87% (9,10) after finasteride use, consistent with the 72%
of men in the 5ARI group of our study.
Subjects in the 5ARI group reported more significant
psychological and cognitive symptoms, measured using the
PHQ-9, than controls. The median PHQ-9 score fell in the
moderate depressive symptoms range. Previously, Basaria
et al. found that symptomatic finasteride users (n=25)
fell into the moderate depression range (27). In the same
study, the PHQ-9 scores were independent of finasteride
treatment duration (P=0.406) or time elapsed since ceasing
finasteride treatment (P=0.180). Basaria et al. also showed
that when compared to asymptomatic finasteride users and
healthy men, PFS patients had higher depression scores on
the Beck Depression Inventory (P<0.001) and Hamilton
Depression Inventory (overall P<0.001).
Results of the PHQ-9 in this study showed that patients
in the PFS group reported high levels of anhedonia and
feelings of hopelessness, which is in line with prior work.
Other studies have found 30-73% of PFS patients reporting
these symptoms (9,11). Ganzer and Jacobs found that 55%
of patients with a history of finasteride use for AGA had a
previous Axis I or II psychiatric diagnosis and 28.8% had
a positive family history of a psychiatric illness in a firstdegree relative (25). The findings of both this study and
Ganzer and Jacobs (25) are confounded by the higher
rates of suicidal ideation in patients with AGA (28). Given
that two subjects committed suicide during or after this
study, psychiatric side effects and the risks of finasteride
use in patients with a history of psychiatric disorders
should be investigated further. At this time, patients should
undergo extensive counseling regarding sexual and nonsexual side effects that may occur after both initiation and
discontinuation of this medication class.
A significant number of subjects self-reported cognitive
symptoms including forgetfulness and brain fog. As in our
study, Ganzer et al. (25) found high rates of mental cloudiness
(75%), slowed thought process (74%), and attentional
difficulties (74%) in men responding to an internet survey
regarding the side effects of finasteride. Basaria et al. used
validated objective tests to evaluate men that reported cognitive
side effects after stopping finasteride (27). The authors
found no impaired performance on cognitive function and
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memory tests (P>0.10). As there are a significant number of
men reporting cognitive symptoms after stopping 5ARIs,
the discrepancy between the self-reported symptoms and
objective evaluations should be investigated further.
The median total ESS scores of the 5ARI arm fell below
the common cutoff for excessive daytime sleepiness of >10.
However, Sanford et al. have suggested that the ESS score
threshold of >10 may fail to accurately capture the number
of patients experiencing significant sleep disturbances (29).
Interestingly, in an analysis of the FAERS database,
Gupta et al. found an increased rate of developing
obstructive sleep apnea following finasteride use when
compared to other medications (30). Given this as well as
the higher number of sleep disturbances reported by the
PFS arm on the PHQ-9, abnormal sleep findings after
finasteride use should be the focus of future studies.
Both 5ARI and control groups provided positive
answers to the ADAM questionnaire. The former reported
yes on questions 1 and 7 and 2, 3, 5, 6, 7, 10 while the
latter reported yes to question 7. Question 7 addressed
erection strength and as reported above, may have been
impacted by a small difference in age or possible differences
in baseline erections and is consistent with our IIEF
results. Of note, differences were seen in the questions
regarding decreased enjoyment in life and feeling “sad”
or “grumpy”, which are in line with the differences
found in the PHQ-9 questionnaire. In addition, the rates
of decline in athletic ability were similar between the
5ARI and control arms, suggesting a minimal decline
in functional strength. In line with our musculoskeletal
survey results, Ganzer et al. reported high rates of muscle
weakness (56%), increased fat deposition (54%), and muscle
twitching (47%) in PFS patients (9). On the contrary,
Basaria et al. found no difference in trunk to limb fat
ratio, leg press strength, or lean and fat mass in the trunk,
limbs, and whole-body between PFS patients, former
finasteride users without PFS, and healthy controls (27).
The discrepancy between self-reported symptoms and
physical evaluation should be further investigated.
There are several strengths and weaknesses of the present
study that deserve mention. Strengths include the use of
validated questionnaires, PDDU data, hormonal laboratory
values, and baseline psychiatric assessments in all subjects.
Limitations include inconsistency in survey completion rates
between groups, variable duration of 5ARI therapy, selection
bias, lack of baseline questionnaire data before 5ARI use, and
lack of PDDU results in the control arm.
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Conclusions
The present study supports the conclusion that 5ARI use
may predispose to persistent sexual, genitourinary, psychocognitive, and anti-androgenic changes even after 5ARI
therapy is discontinued. Furthermore, this is the first study
to present data on PDDU results in patients who took
5ARIs for AGA. As the FDA amended the package insert to
include a warning of sexual dysfunction that persists after
stopping finasteride, we recommend additional clinical
studies that assess non-sexual side effects that may persist
after discontinuation of the drug. Given the significance of
the observed and potential side effects, patients should be
extensively counseled and monitored for possible side effects
after initiation and discontinuation of this medication class.
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