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Abstract

Context—Steroid 5a-reductase inhibitors are used to treat benign prostatic hyperplasia and
androgenic alopecia, but the role of 5a-dihydrotestosterone (DHT) in mediating testosterone’s
effects on muscle, sexual function, erythropoiesis, and other androgen-dependent processes
remains poorly understood.

Objective—To determine whether testosterone’s effects on muscle mass, strength, sexual
function, hematocrit level, prostate volume, sebum production, and lipid levels are attenuated
when its conversion to DHT is blocked by dutasteride (an inhibitor of 5a-reductase type 1 and 2).

Design, Setting, and Patients—The 5a-Reductase Trial was a randomized controlled trial of
healthy men aged 18 to 50 years comparing placebo plus testosterone enthanate with dutasteride
plus testosterone enanthate from May 2005 through June 2010.

Interventions—Eight treatment groups received 50, 125, 300, or 600 mg/wk of testosterone
enanthate for 20 weeks plus placebo (4 groups) or 2.5 mg/d of dutasteride (4 groups).

Main Outcome Measures—The primary outcome was change in fat-free mass; secondary
outcomes: changes in fat mass, muscle strength, sexual function, prostate volume, sebum
production, and hematocrit and lipid levels.

Results—A total of 139 men were randomized; 102 completed the 20-week intervention. Men
assigned to dutasteride were similar at baseline to those assigned to placebo. The mean fat-free
mass gained by the dutasteride groups was 0.6 kg (95% Cl, —0.1 to 1.2 kg) when receiving 50
mg/wk of testosterone enanthate, 2.6 kg (95% CI, 0.9 to 4.3 kg) for 125 mg/wk, 5.8 kg (95% ClI,
4.8 t0 6.9 kg) for 300 mg/wk, and 7.1 kg (95% ClI, 6.0 to 8.2 kg) for 600 mg/wk. The mean fat-
free mass gained by the placebo groups was 0.8 kg (95% CI, —0.1 to 1.7 kg) when receiving 50
mg/wk of testosterone enanthate, 3.5 kg (95% Cl, 2.1 to 4.8 kg) for 125 mg/wk, 5.7 kg (95% ClI,
4.8 10 6.5 kg) for 300 mg/wk, and 8.1 kg (95% ClI, 6.7 to 9.5 kg) for 600 mg/wk. The dose-
adjusted differences between the dutasteride and placebo groups for fat-free mass were not
significant (P=.18). Changes in fat mass, muscle strength, sexual function, prostate volume,
sebum production, and hematocrit and lipid levels did not differ between groups.

Conclusion—Changes in fat-free mass in response to graded testosterone doses did not differ in
men in whom DHT was suppressed by dutasteride from those treated with placebo, indicating that
conversion of testosterone to DHT is not essential for mediating its anabolic effects on muscle.

Trial Registration—clinicaltrials.gov Identifier: NCT00493987

5a-DIHYDROTESTOSTERONE (DHT) is a potent metabolite of testosterone; its role in
post-embryonic life remains poorly understood. At least 2 isoenzymes of steroid 5a-
reductase convert testosterone to DHT in humans.1=3 In marsupials and possibly in humans,
DHT also can be produced from other substrates via 1 or more alternate pathways.3->
Studies of the kindred with steroid 5a-reductase 2 mutations,%7 and mice with genetic or
pharmacological disruption of steroid 5a-reductase enzymes,8? suggest that DHT serves an
important role in the formation of prostate and phallus.

An improved understanding of the role of steroid 5a-reductases has important clinical
implications. Pharmacological inhibitors of steroid 5a-reductases are used to treat benign
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prostatic hyperplasial®1! and androgenic alopecia,? disorders of middle-aged and older
men, who are at risk of reduced muscle mass and sexual dysfunction. Similarly, nonsteroidal
selective androgen receptor modulators (SARMS) currently in development do not undergo
5a-reduction. Therefore, the safety of 5a-reductase inhibitors and nonsteroidal SARMs is
predicated upon the supposition that 5a-reduction is not essential for mediating androgen’s
effects on muscle mass and strength and on sexual function. Sexual dysfunction has been
reported as an adverse event in clinical trials of 5a-reductase inhibitors in men with benign
prostatic hyperplasia, who have high background rates of sexual dysfunction. However, it
has been debated whether sexual dysfunction in older men receiving 5a-reductase inhibitors
is causally related to these drugs and whether DHT is required for optimal erectile function.
13,14 Similarly, the role of DHT in mediating androgenic effects on sebum production, bone
markers, and levels of hematocrit, hemoglobin, and lipids in men remains unclear.

The primary objective of this study was to determine whether 5a-reduction of testosterone
to DHT is obligatory for mediating its effects on fat-free mass. Secondary objectives were to
determine whether 5-a reduction of testosterone is necessary for the maintenance of
androgen effects on sexual function, hematocrit, sebum production, bone markers, and lipid
levels in men. Accordingly, we determined the responsiveness of these androgen-dependent
outcomes in healthy men, in whom endogenous testosterone production had been suppressed
by administration of a gonadotropin-releasing hormone agonist, to graded doses of
testosterone in the absence and presence of dutasteride, a potent dual inhibitor of type 1 and
type 2 5a-reductase isoenzymes.

METHODS
Study Design

The 5a-Reductase Trial was a parallelgroup, double-blind, randomized placebo-controlled
trial. The first participant was enrolled in May 2005, the trial was registered in June 2007,
and the last participant completed the trial in June 2010. The study was approved by the
institutional review board of Boston University and all participants provided written
informed consent. A data and safety monitoring board reviewed the data every 6 months.

Participants

A structured medical history, physical examination, blood counts and chemistries, and levels
of testosterone, luteinizing hormone, follicle-stimulating hormone, and prostate-specific
antigen (PSA) were obtained to determine eligibility. Self-reported race and ethnicity were
recorded. The participants were healthy men, aged 18 to 50 years, with normal testosterone
levels (300-1200 ng/dL; to convert to nmol/L, multiply by 0.0347).

We excluded men who had androgen deficiency, prostate cancer, lower urinary tract
symptom score greater than 20, body weight greater than 135 kg, uncontrolled hypertension,
hematocrit level greater than 51%, PSA level greater than 4 ng/mL (to convert to pg/L,
multiply by 1.0), aspartate aminotransferase or alanine aminotransferase greater than 1.5
times the upper limit of normal, creatinine level greater than 2 mg/dL (to convert to pmol/L,
multiply by 88.4), or men receiving glucocorticoids, growth hormone, androgens, or 5a-
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reductase inhibitors. The participants were paid $1000 if they completed the study or a
prorated amount based on their participation time.

Interventions

Outcomes

Because administration of a 5a-reductase inhibitor raises testosterone levels,1>-17 which
could render the placebo and dutasteride groups unbalanced with respect to testosterone
levels, we suppressed endogenous testosterone by administering a long-acting gonadotropin-
releasing hormone agonist, and created different levels of circulating testosterone
concentrations by administration of graded doses of testosterone enanthate. Based on dose-
response studies in healthy men,18:19 we selected testosterone doses that would be expected
to generate varying testosterone concentrations spanning the entire physiological range for
men and extending well into the sub-physiological as well as the supraphysiological range.
Accordingly, participants received monthly injections of 7.5 mg of leuprolide acetate
(Lupron depot; TAP Pharmaceuticals) starting on the day of randomization. A
randomization table was used to allocate individuals to 1 of 8 study groups (placebo plus 50,
125, 300, or 600 mg/wk of testosterone enanthate intramuscularly for 20 weeks or 2.5 mg/d
of dutasteride plus 50, 125, 300, or 600 mg/wk of testosterone enanthate intramuscularly for
20 weeks). Because a 0.5-mg/d dose of dutasteride suppresses circulating and intraprostatic
DHT by more than 94%,20-23 we used 2.5 mg/d of dutasteride, reasoning that this dose
would assuredly suppress circulating and intratissue DHT. Study staff and participants were
unaware of testosterone dose and whether they received dutasteride or placebo.

The primary outcome was change in fat-free mass from baseline measured by dual-energy x-
ray absorptiometry. The selection of fat-free mass as the primary outcome was guided by our
primary hypothesis, which was related to the role of 5a-reductase in mediating the anabolic
effects of testosterone on muscle mass. Additionally, among various androgen-dependent
processes, the dose-response relationships of testosterone are the most robust with fat-free
mass. Finally, the issue of whether 5a-reduction of testosterone to DHT is obligatory for
mediating its anabolic effects on the muscle has relevance to the safety of 5a-reductase
inhibitors and nonsteroidal SARMS.

Secondary outcomes included fat mass, leg-press and chest-press strength, sexual function,
sebum production, and prostate volumes, which were assessed at baseline and at week 20.

Blood counts and chemistries, PSA level, presence or absence of acne, and adverse events

were monitored.

Body composition was measured using dual-energy x-ray absorptiometry (Hologic QDR
4500A),24 which was calibrated using a soft-tissue phantom. Leg-press and chest-press
strength were measured by the 1-repetition-maximum method using Keiser machines.25:26
The participants underwent 5 to 10 minutes of warm-up followed by progressive lifts leading
up to the 1-repetition maximum. Strength was reassessed within 2 to 7 days; if the
measurements were within 5%, the better of the 2 measurements was recorded.?>26 Sexual
function was assessed using the International Index of Erectile Function.2’ Additionally, we
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used the Male Sexual Health Questionnaire for a more comprehensive assessment of sexual
desire28 than is provided by the International Index of Erectile Function.

Prostate volume was measured using 1.5-Tesla magnetic resonance imaging (Philips
Medical Systems). The mixed-fast-spin echo-pulse sequence (slice thickness: 5 mm;
interslice distance: 2 mm) was used to generate parametric T1 and T2 maps. Prostate glands
were segmented using a dual-space clustering algorithm that interrogates each voxel to
determine whether the voxel is contained within the user-predefined quantitative imaging
space and a predefined anatomic space.?® Sebum production was measured using sebu tapes
applied to the forehead, nose, and back for 12 hours.30 Acne was assessed using the Palatzi
scale.3!

Hormone Assays

Testosterone and DHT were measured using liquid chromatography tandem mass
spectrometry32:33 with sensitivities of 2 and 5 ng/dL, respectively. The interassay coefficient
of variation for the testosterone assay was 7.7% at 241 ng/dL of testosterone, 4.4% at 532
ng/dL of testosterone, and 3.3% at 1016 ng/dL of testosterone. Free testosterone and free
DHT were calculated.3# Sex-hormone binding globulin and luteinizing hormone were
measured using immunofluormetric assays with sensitivities of 2.5 nmol/L and 0.1 U/L,
respectively,26:35

Statistical Analyses

Univariate analyses were performed to examine the distribution of variables. Within each
group (4 placebo groups and 4 dutasteride groups), the dose effects were estimated using 1-
way analysis of variance. Estimates of differences in outcomes between groups were
obtained from multiple linear regression models controlling for testosterone enanthate dose.
Dose-response curves in participants assigned to placebo vs dutasteride were compared
using statistical interaction terms and associated significance tests.

To assess potential bias in the use of parametric methods to test differences, sensitivity
analyses were conducted using nonparametric equivalents. Within groups, Kruskal-Wallis
rank sum tests were used to assess dose relationships. Models considering both testosterone
enanthate dose and group assignment were replicated using multiple regression, replacing
outcomes with their global rank transformations.

The associations between changes in testosterone concentrations and outcomes were
assessed using generalized additive models with tensor product smoothing. An offset square
root transformation of change in testosterone was used to provide a coherent range of values
for plotting.

Because this was not an efficacy trial, and our intent was to test a specific hypothesis under
idealized conditions of the 5a-reductase blockade, the primary analysis included men who
were randomized and had postrandomization assessment of the primary outcome during
week 20. A secondary, full intention-to-treat analysis used multiple imputation by chained
equations to assess the sensitivity for inclusion of participants with missing outcomes data.
All statistical tests were 2-sided with type | error probability set at an a level of equal to .05.
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Because analyses were specified a priori, the results were not adjusted for multiple
comparisons. Estimation and inference were performed using SAS version 9.3 (SAS
Institute Inc) and R version 2.14.0 (R Foundation for Statistical Computing).

Based on dose-response studies in men,18:19 we anticipated that in placebo groups,
administration of 50, 125, 300, and 600 mg/wk of testosterone enanthate would be
associated with fat-free mass change of 1, 2, 4, and 8 kg, respectively, and a 1.5-kg within-
dose SD of change in fat-free mass. With type | error fixed at .05, 52 men each completing
20 weeks of intervention in the placebo and dutasteride groups provided 90% power to
detect a 25% difference in the mean effect of testosterone between the study groups, using 2-
way analysis of variance. Sample size was therefore set at 120 men, anticipating a 15%
drop-out rate, but was revised later to 139 because of the higher observed drop-out rate.

Of the 3792 men who underwent telephone screening, 189 met eligibility criteria, 139 were
randomized, and 102 (54 in the placebo groups and 48 in the dutasteride groups) completed
the 20-week intervention (FIGURE 1). Randomized participants had a mean (SD) age of
37.6 (8.7) years, body mass index (calculated as weight in kilograms divided by height in
meters squared) of 26.3 (4.0), and fat-free mass of 62.7 (8.3) kg. Participants displayed
similar baseline characteristics (TABLE).

Hormone Levels

Levels of total and free testosterone increased with testosterone dose in all groups and did
not differ significantly between the groups (eFigure 1 at http://www.jama.com). Among
participants who received dutasteride plus testosterone enanthate, the mean testosterone
level was 519 ng/dL (95% CI, 378-660 ng/dL) for 50 mg/wk, 895 ng/dL (95% ClI, 616-1173
ng/dL) for 125 mg/wk, 1706 ng/dL (95% ClI, 13412071 ng/dL) for 300 mg/wk, and 3898
ng/dL (95% ClI, 3089-4708 ng/dL) for 600 mg/wk. Among participants who received
placebo plus testosterone enanthate, the mean testosterone level was 385 ng/dL (95% Cl,
261-508 ng/dL) for 50 mg/wk, 822 ng/dL (95% CI, 658-986 ng/dL) for 125 mg/wk, 1702
ng/dL (95% ClI, 1201-2203 ng/dL) for 300 mg/wk, and 3578 ng/dL (95% ClI, 2876-4279
ng/dL) for 600 mg/wk. Levels of DHT were higher with higher testosterone doses among
participants assigned to placebo, but were uniformly suppressed in all testosterone enanthate
dose groups assigned to dutasteride (eFigure 1 at http://www.jama.com). Thus, the study
intervention was effective in creating 8 groups that had similar testosterone levels, but which
differed in DHT levels. Luteinizing hormone levels were suppressed in the placebo and
dutasteride groups.

Fat-Free Mass

Fat-free mass and lean body mass increased in a dose-dependent manner in the placebo and
dutasteride groups (FIGURE 2). The changes in fat-free mass were related to testosterone
dose and changes in testosterone concentrations in the placebo and dutasteride groups but
did not differ between groups; the dose-adjusted mean difference (placebo minus
dutasteride) in fat-free mass was 0.50 kg (95% ClI, -0.22 to 1.22 kg; £=.18). There was no
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significant interaction between testosterone dose and randomization to dutasteride or
placebo, indicating a lack of evidence that the relationship of testosterone dose to change in
fat-free mass differed between the dutasteride and placebo groups. The model-based
smoothed regression lines, obtained by generalized additive models, describing the
relationship between changes in testosterone concentrations and changes in fat-free mass
and lean body mass were similar in the placebo and dutasteride groups. Changes in fat mass
were negatively related to testosterone dose and concentrations, but the relationship between
change in fat mass and dose did not differ significantly between the placebo and dutasteride
groups (P=.41; Figure 2).

Muscle Strength

Leg-press and chest-press strength increased dependently by dose in the placebo and
dutasteride groups. Increases in leg-press and chest-press strength were greater with larger
doses and higher concentrations of testosterone. These relationships did not differ between
the placebo and dutasteride groups (Figure 2).

Sexual Function

The International Index of Erectile Function composite scores, the Male Sexual Health
Questionnaire composite scores, and the domain scores were not significantly related to
either the testosterone dose or concentrations of testosterone while receiving treatment
(eFigure 2 at http://www.jama.com). Changes in the International Index of Erectile Function
and Male Sexual Health Questionnaire composite scores and erectile, orgasmic, ejaculatory,
intercourse, or overall satisfaction scores did not differ significantly between the dutasteride
and placebo groups.

Prostate Volumes and PSA Level

Changes in prostate volume and PSA level were not significantly related to either
testosterone dose or concentration, and did not differ significantly between the placebo and
dutasteride groups (eFigure 2). The dose-adjusted mean difference in change in PSA level
between participants assigned to placebo and participants assigned to dutasteride was 0.13
ng/mL (95% CI, —0.05 to 0.31 ng/mL; P=.15) and the corresponding difference in changes
in prostate volume was 0.91 cm3 (-0.44 to 2.25 cm3; P=.19).

Sebum Production and Acne

Sebum production in the forehead region, but not on the nose or back, was related to
testosterone dose, and did not differ between the placebo and dutasteride groups (eFigure 2).
Twenty-five men in the dutasteride groups and 25 in the placebo groups experienced acne
(eTable 1 at http://www.jama.com). The acne scores did not differ between groups.

Laboratory Tests

Levels of hemoglobin and hematocrit increased dose dependently in the placebo and
dutasteride groups; changes in levels of hemoglobin and hematocrit were significantly
related to changes in testosterone concentrations but did not differ significantly between the
groups (eTable 2). Changes in total cholesterol and high-density lipoprotein cholesterol were
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negatively related to testosterone dose but did not differ significantly between the groups.
Serum NTx (collagen-type | N-telopeptides) and osteocalcin levels did not change in the
placebo and dutasteride groups.

Adverse Events

The overall frequency of adverse events, including the frequency of sexual dysfunction,
acne, hot flashes, and breast tenderness was similar in the placebo and dutasteride groups
(eTable 1 at http://www.jama.com).

Sensitivity Analyses

Sensitivity analyses using multiple imputation confirmed the findings of the main analyses
described above, again supporting the significant relationship between testosterone dose and
changes in fat-free mass, lean body mass, legpress and chest-press strength, fat mass, and
levels of hemoglobin and hematocrit but there were no significant differences in the change
in these outcomes between the dutasteride and placebo groups (eTable 3 and eFigures 3-5).
Changes in sexual function scores, prostate volume, and PSA level in relation to testosterone
dose also did not differ between the dutasteride and placebo groups using multiple
imputation (eFigure 5). Analyses of rank-transformed outcomes likewise revealed similar
results.

COMMENT

Several models have been invoked to explain the role of DHT in men. A widely held view is
that conversion to DHT is obligatory for mediating testosterone’s effects in some tissues
with high 5a-reductase activity, such as prostate and skin, but not in others, such as skeletal
muscle and bone. It is possible that conversion of testosterone to DHT is not obligatory, but
that it amplifies the effects of testosterone in tissues with high 5a-reductase activity such as
the prostate and skin, but not in tissues with low 5a-reductase activity such as skeletal
muscle and bone. A third possibility is that 5a-reduction of testosterone is not obligatory for
mediating its effects in any tissue in men, but that testosterone and DHT can both exert
androgenic effects in all androgen-sensitive tissues, and their relative effects in any tissue are
contingent upon their relative concentrations and potency.

Our data, when viewed together with published literature on the effects of 5a-reductase
inhibitors in patients with benign prostatic hyperplasia, are the most consistent with the
second model in which DHT amplifies the effects of testosterone in tissues with high 5a-
reductase activity. The changes in lean body mass, fat mass, muscle strength, several
domains of sexual function, hematocrit level, and levels of total and high-density lipoprotein
cholesterol in response to graded doses of testosterone enanthate in men assigned to
dutasteride were not significantly different from those assigned to placebo. Even prostate
volume, PSA level, sebum production, and acne scores (markers of androgenic activity in
tissues with high 5a-reductase activity) were not affected by dutasteride administration in
the range of testosterone concentrations achieved in these men.

Furthermore, the relationship of testosterone concentrations with these outcomes did not
differ between the dutasteride and placebo groups despite substantial differences in DHT
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concentrations. Thus, the inhibition of testosterone’s conversion to DHT by dutasteride had
no significant effect on the ability of testosterone to exert its effects on muscle mass and
strength, sexual function, erythropoiesis, plasma lipid levels, prostate volume, and sebum
production. Instead, over the range of testosterone concentrations that were achieved (and
which spanned the entire physiological male range and extended well into the
subphysiological and supraphysiological range for men), testosterone was able to subserve
all androgen-dependent functions that were studied herein, including maintenance of
prostate volumes, PSA levels, and sebum production.

The net androgen effect in any tissue can be viewed as a function of the prevalent intratissue
testosterone and DHT concentrations and their relative androgenic potencies (eFigure 6). In
tissues with low steroid 5a-reductase activity such as muscle and bone, intratissue DHT
concentration is very low relative to testosterone and can be discounted, and the androgen
effect attributed largely to testosterone. In tissues with high 5a-reuctase activity such as the
prostate, intratissue DHT concentrations are higher than those of testosterone.22:23.36.37
Administration of 0.5 mg/d of dutasteride suppresses nearly completely intraprostatic DHT
formation (approximately 949)22:23; therefore, we assume that intraprostatic DHT
concentrations in men who received 2.5 mg/d of dutasteride were suppressed to very low
levels. Even under these conditions of suppressed circulating and intraprostatic DHT
concentrations induced by a high-dose dutasteride regimen, prostate volumes and PSA levels
were maintained by testosterone doses administered in this trial.

How can we reconcile these findings with those from trials in which dutasteride has been
reported to decrease prostate volume and PSA in men with benign prostatic hyperplasia?
10.11 The suppression of prostate volume by dutasteride in older men with benign prostatic
hyperplasia, when viewed together with the findings from our trial, suggests that DHT
formation is important for amplifying testosterone’s effect in this tissue at concentrations
lower than those achieved in our trial. Indeed, our model predicts that administration of a
5a-reductase inhibitor in men who have low testosterone levels below the activation
threshold of the prostate should attenuate androgen effects in this tissue. This argument is
supported by the finding that in older men with benign prostatic hyperplasia, the largest
reduction in prostate volume with dutasteride is observed in men with low serum
testosterone levels.38 However, as circulating testosterone concentrations are increased from
physiological to supraphysiological, testosterone alone can maintain prostate volumes even
when 5a-reductase activity is suppressed effectively.

Why then did the steroid 5a-reductase system evolve for androgens? Forty-six XY males
with steroid 5a-reductase deficiency exhibited ambiguous or female external genitalia at
birth and poor prostate development, but underwent normal muscle and bone development
during pubertal transition.8:":39 The phenotype of these patients suggests that steroid 5a-
reductase plays an essential role in the development of prostate and phallus by providing
local amplification of an androgenic signal without systemic hyperandrogenemia during
critical periods of sexual differentiation, illustrating nature’s extraordinary ingenuity in
creating mechanisms for tissue-selective amplification during development. We speculate
that in adult men, in whom this tissue-specific amplification is not essential because the
circulating testosterone concentrations are substantially higher than those in the fetus,

JAMA. Author manuscript; available in PMC 2018 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bhasin et al.

Page 10

testosterone and DHT can interchangeably subserve many androgenic functions. When
circulating testosterone concentrations are low, intraprostatic DHT formation may become
important in maintaining prostate growth, thus buffering the effects of decreasing
testosterone levels, which has been suggested by Marks et al.36

Our data are consistent with studies that have reported no effects of 5a-reductase inhibitors
on muscle or bone mass.#0-42 |nferences from these trials are limited by the fact that
administration of 5a-reductase inhibitors increases testosterone levels, 1517 rendering it
difficult to ascribe the outcomes to differences in DHT levels alone. In our trial, inhibition of
endogenous testosterone by administration of a gonadotropin-releasing hormone agonist
eliminated this problem. Additionally, the high-dose dutasteride regimen effectively
inhibited both steroid 5a-reductase isoenzymes.

Our study had greater than 90% power to detect a 25% difference in outcomes between the
placebo and dutasteride groups. We observed no meaningful numerical difference between
the placebo and dutasteride groups, especially for the primary outcome, and the relationship
between testosterone concentrations and outcomes did not differ between study groups
despite substantially different DHT concentrations. Thus, these dataprovide evidence in
favor of no difference. We did not measure intratissue DHT, but assume based on published
data22:23 that the high dose of dutasteride effectively suppressed intraprostatic DHT.
Because semen analyses were not performed, we cannot exclude an essential role for DHT
in spermatogenesis.

The dutasteride and placebo groups did not differ in any domain of sexual function. In a rat
model, testosterone’s effect on erectile response to electrical field stimulation was blocked
by finasteride.13 Healthy men treated with dutasteride experience modestly lower erectile
function scores than those treated with placebo.*2 Another study found no significant effects
of finasteride on sleep-related erections.3 Sexual dysfunction has been reported in some
trials of 5a-reductase inhibitors but not in others.14

Our model predicts that there may be an interaction between testosterone concentrations and
administration of 5a-reductase inhibitors such that in men with low testosterone, inhibition
of testosterone’s conversion to DHT may impair erectile function. Consistent with this
model, men with benign prostatic hyperplasia who were receiving dutasteride and who had
low testosterone concentrations were more likely to report sexual dysfunction than those
with normal testosterone concentrations.38 Although young men in our trial and in a
previous trial*2 who received dutasteride reported satisfactory sexual intercourse, older men
with low testosterone concentrations (the likely recipients of these drugs) may be at risk for
developing erectile dysfunction when treated with 5a-reductase inhibitors.

Although head-to-head comparisons of testosterone and DHT have not been conducted,
randomized trials of DHT gel in older men have reported changes in lean body mass and in
the levels of hematocrit and lipids similar to those observed in testosterone trials.*4-46
Similarly, 7a-methyl 19-nortestosterone, which does not undergo 5a-reduction, maintains
sexual function in hypogonadal men.#” These findings support the proposal that testosterone
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and DHT can interchangeably subserve androgen-dependent functions investigated in this
trial.

The finding that 5a-reduction of testosterone to DHT is not obligatory for mediating its
effects on outcomes that were studied in this trial has implications for therapeutic
applications of androgens and 5a-reductase inhibitors. These findings bode well for the
safety of 5a-reductase inhibitors with respect to their effects on muscle. Combined
administration of testosterone plus a 5a-reductase inhibitor and the use of SARMSs that do
not undergo 5a-reduction have been proposed as strategies for mitigating concerns about
androgen’s effects on the prostate.*8 While our data suggest that SARMs that do not
undergo 5a-reduction can exert anabolic effects on the muscle, they also indicate that such a
strategy may not necessarily be effective in sparing the prostate, depending upon androgen
dose. The prostate safety of such SARMs will need careful scrutiny. Our data also predict
that efficacy of 5a-reductase inhibitors may be limited in men with normal or high
testosterone concentrations; therefore, measurement of testosterone levels might be useful in
identifying men less likely to respond to 5a-reductase inhibitors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Flow of Participants Through the Trial
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Figure 2.

Body Composition and Muscle Strength Measures
In the graphs on the left, data markers indicate means and the error bars indicate 95%
confidence intervals. In the graphs on the right (change in testosterone levels), the horizontal
axis scales were shifted (offset) by 1000 ng/dL, and a square root transformation was then
applied. Semiparametric smoothing was obtained using generalized additive models. Shaded
regions indicate 95% confidence intervals.
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