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Abstract

Objective—To determine factors that influence sperm recovery after testosterone-associated
infertility.

Design—Clinical retrospective study.
Setting—Academic male-infertility urology clinic.
Patient(s)—Sixty-six men who presented with infertility after testosterone use.

Intervention(s)—Testosterone (T) cessation and combination high-dose human chorionic
gonadotropin (hCG) and selective estrogen modulator (SERM) therapy.

Main Outcome Measure(s)—Whether patients successfully achieved or failed to achieve a
total motile count (TMC) of greater than 5 million sperm within 12 months of T cessation and
initiation of therapy.

Result(s)—A TMC of greater than 5 million sperm was achieved by 46 men (70%). Both
increased age and duration of testosterone use directly correlated with time to sperm recovery at
both 6 and 12 months of hCG/SERM therapy. Age more consistently limited sperm recovery,
while duration of testosterone use had less influence at 12 months than at 6 months. Only 64.8%
of azoospermic men achieved a TMC greater than 5 million sperm at 12 months, compared with
91.7% of cryptozoospermic men, yet this did not predict a failure of sperm recovery.

Correspondence. Larry I. Lipshultz, M.D., Scott Department of Urology, Baylor College of Medicine, 6624 Fannin Street, Suite
1700, Houston, Texas, USA 77030, Telephone: +001-713-798-6163, Fax: +001-713-798-6007, larryl@bcm.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kohn et al. Page 2

Conclusion(s)—Increasing age and duration of testosterone use significantly reduce the
likelihood of recovery of sperm in the ejaculate, based on a criterion of a TMC of 5 million sperm,
at 6 and 12 months. Physicians should be cautious in pursuing long-term testosterone therapy,
particularly in men who still desire fertility. Using these findings, physicians can counsel men
regarding the likelihood of recovery of sperm at 6 and 12 months.

CAPSULE
In this retrospective analysis of 66 men with testosterone-associated infertility, we found that

duration of testosterone therapy and age at presentation are directly correlated with time to sperm
recovery.

Keywords

Infertility; Testosterone; Sperm; Azoospermia; Human chorionic gonadotropin; Spermatogenesis-
Blocking Agents

INTRODUCTION

The use of exogenous testosterone (T) in the treatment of hypogonadism has known risks
with regards to male infertility. Serum testosterone levels in men begin to decrease in an age-
dependent manner starting in the late 30’s (1-3), and the number of testosterone
prescriptions has drastically increased in recent years, from 1.2 million patients in 2010 to
2.2 million patients in 2013 (4). Of men receiving testosterone therapy (TTh), 12.4% were
younger than 39 years old, indicating that a large number of men seek TTh during the
reproductive years (5). One study found that 7% of male patients seeking care for infertility
were on TTh at the time of their visit, and concomitant TTh was the fourth most common
etiology of male infertility in the two large infertility practices in the study (6). Coupled with
the increase in T prescriptions, physicians are often failing to inform patients of the risk of
testosterone-induced infertility, in part due to a lack of knowledge of the fertility-related
adverse effects of TTh. In a 2010 survey of urologist members of the American Urological
Association, 25% incorrectly believed that TTh would improve a male’s fertility (7); such
beliefs likely contribute to the growing number of men with T-induced infertility (8).

Exogenous T inhibits spermatogenesis by suppressing secretion of follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) from the anterior pituitary gland, limiting the
signals required for endogenous testosterone production and spermatogenesis (9). Thus, the
use of testosterone by younger men increasingly intersects with their reproductive potential
for many men, and approaches to predicting and mitigating the negative effects of
testosterone on fertility are needed.

Several studies have demonstrated that cessation of TTh in men seeking fertility treatment
can lead to a return to baseline sperm concentrations (6, 10-12). However, the time for
return of sperm to the ejaculate in quantities sufficient for fertility remains unclear. In a
pooled analysis of 30 studies using testosterone as a short-term hormonal contraceptive in
eugonadal men, Liu et a/. demonstrated that the average probability of sperm recovery to 20
million sperm / mL was 67% within 6 months, 90% within 12 months, 96% within 16
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months, and 100% within 24 months, but suggested that men who started with a low-normal
sperm count and who were older required more time to recover (10). Another study
examining more than 14,000 semen samples from World Health Organization (WHO)
studies in which androgens were evaluated as a potential male contraceptive found that
sperm production after therapy was only approximately 85% of pre-treatment concentrations
(11). The literature also suggests that men who have been on high-dose TTh for longer
periods will require longer to recover normal sperm production (12, 13).

Human chorionic gonadotropin (hCG) and selective estrogen receptor modulators (SERMs)
are effective at restoring spermatogenesis alone and in combination (12, 14-17). The
efficacy of hCG is attributed to its structural similarity to LH. SERMs potentiate
spermatogenesis by inhibiting negative feedback by estrogen, thereby raising GnRH and
gonadotropin levels and increasing downstream testosterone production. Numerous
protocols combining hCG and SERMs are available for the restoration endogenous
testosterone in testosterone-suppressed men. Ishikawa et a/. used 5000 IU of hCG three
times a week for 3-6 months, in combination with recombinant FSH supplementation, with
recovery of spermatogenesis observed in 44—100% of patients (18). hCG doses described in
the literature range from 3,000 — 10,000 1U, administered 2—3 times per week (8, 13, 15, 18,
19). In a retrospective chart review of azoospermic or severely oligospermic men, Wenkler et
al. observed return of spermatogenesis in a mean of 4.6 months with a mean density of 22
million sperm / mL in 95.9% of subjects receiving hCG 3000 IU every other day, along with
either FSH, clomiphene citrate, tamoxifen, or anastrozole (12). In another retrospective
review by Coward et al., men previously on TTh and seeking vasectomy reversal were
treated with high-dose hCG (3000 IU every other day) and clomiphene citrate, with 83%
having normalization of LH, FSH and testosterone levels (15).

Previous studies analyzed only patients who had been on testosterone for a short duration,
for contraception purposes, or who were eugonadal at the time if TTh initiation; our study
analyzes men with a prolonged duration of TTh use and focuses on men who were
cryptozoospermic or azoospermic at cessation of TTh. The primary objective of the present
study is to determine the factors that influence sperm recovery after presumed testosterone-
associated infertility.

MATERIAL AND METHODS

Patient Selection

After institutional review board approval, we retrospectively reviewed the records of 66 men
with testosterone-associated infertility who were evaluated at a single academic infertility
clinic between 2004 and 2015. Men were included if they presented for infertility, were 18
years or older, had been on testosterone for a recorded duration, and were found to be
azoospermic or cryptozoospermic (<1 million sperm/mL) at the time of TTh cessation. In
addition they must have ceased TTh and began hCG therapy within a single visit, and had a
least one follow-up semen analysis. Men were excluded if they had a history of vasectomy,
obstructive azoospermia, or a known primary cause of testicular failure such as
chromosomal abnormalities, Y-chromosome microdeletions, history of testicular trauma or
infection, or history of cryptorchidism. No men included in the analysis were concurrently
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on recombinant FSH. Age at time of T cessation, total duration of TTh use, route of TTh,
duration and dosage of hCG therapy, use and type of selective estrogen receptor modulators
(SERM), serum levels of testosterone, FSH, and LH at time of presentation, and sperm
concentration at presentation were recorded and compared.

At initial presentation, men underwent a physical examination by a urologist with fellowship
training in male reproductive medicine, as well as evaluation of serum testosterone, LH,
FSH, prolactin, and estradiol levels, and semen analysis. Men were instructed to stop
testosterone use and begin a regimen of 3,000 1U of hCG administered subcutaneously three
times per week. All men in this study were also prescribed either clomiphene citrate or
tamoxifen citrate. Patients were seen in follow-up approximately every 3 months, with
semen analyses and hormonal evaluation performed at each visit

Statistical Analysis

The main outcome measure was whether patients achieved a total motile sperm count
(TMC) of greater than 5 million sperm during evaluation within 6 months or within 12
months of stopping TTh and beginning hCG therapy. This total motile count reflects the
minimum number of sperm used for intrauterine insemination (IUI) at our institution. Two
binary variables (TMC >5 million reached within 12 months or within 6 months) were
created, which were the dependent variables of interest.

We compared the patient characteristics between those who reached TMC > 5 million within
12 months using the Student t test for normally distributed continuous variables, the Mann-
Whitney U test for non-parametric continuous variables, and the chi-square test or Fisher
exact test for categorical variables. Only duration of TTh was found to be a nonparametric
variable.

We used a multivariate linear probability model to estimate the effects of various factors on
successfully reaching a TMC of >5 million sperm. Six independent variables were used in
the final model — three continuous variables (duration of TTh, age at TTh cessation, and
testosterone level at presentation), and three categorical variables (whether TTh was
delivered by intramuscular injection, transdermal application, or pellet insertion; use of
clomiphene or tamoxifen citrate; and presence of cryptozoospermia or azoospermia). We
then use the results of this regression analysis to calculate the predicted probability of
achieving a TMC > 5 million within 12 months and 6 months at different ages and durations
of TTh. For example, to calculate the predicted probability of success for a 30 year-old man
with a TTh duration of 1 year, we assumed every patient in our sample is 30 years old and
was on TTh for 1 year. We then use the coefficients estimated from the regression to
calculate each patient’s predicted probability of success. These probabilities were then
averaged across the entire sample to calculate the final predicted probability for those
parameters. We repeat this process for each combination of age and duration of TTh. All
statistical analysis was performed using STATA 14.1, with p<0.05 considered significant.
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RESULTS

Sixty-six men met criteria and were included in this analysis at 12 months. Table 1 shows
the baseline characteristics of all men and is further stratified by those who successfully
achieved a TMC >5 million sperm within 12 months and those who did not. The mean+SD
age of the cohort was 40.2+8.7 years, and the median duration of TTh was 2 years (range
0.17 - 25) years. Thirty-five men used intramuscular injections of testosterone, twenty-two
topical testosterone, and nine used pellets. Forty-six men (69.7%) successfully achieved a
TMC of 5 million or greater within 12 months. For men with successful recovery of
spermatogenesis, the mean+SD age was 38.3+7.0 years and duration of TTh use was a
median of 1.67 (range 0.17 — 15) years. For men without successful recovery of
spermatogenesis, the mean+SD age was 44.0+10.7 years and median duration of TTh was
4.0 (range 0.25 — 25) years. The average TMC for men with a TMC > 5 million sperm
within 12 months was 40.0+44.6 million sperm, while the average for those men with a
TMC < 5 million sperm was 1.8+1.6 million sperm. The average sperm density for men who
achieved a TMC > 5 million sperm within 12 months was 33.9£36.8 million sperm/mL
while the average sperm density for those with a TMC < 5 million sperm was 4.7£7.1
million sperm/mL. Table 2 denotes semen parameters, FSH, LH, and testosterone levels for
each formulation of testosterone at baseline, at 6 months, and at 12 months. Semen density
and TMC increases at each evaluation, from baseline to 6 months to 12 months,
demonstrating the waning effect of testosterone over time.

When comparing the differences between men who did and did not have successful recovery
of spermatogenesis, age (p=0.018) and duration of TTh (p=0.006) were identified as
significant predisposing factors. Route of testosterone administration, initial serum
testosterone level, type of SERM used and initial sperm concentration were not found to be
significant predictors of sperm recovery. Multivariate linear regressions were performed in
order to determine the magnitude of effect on the likelihood of success at both 6 and 12
months; correlation coefficients are reported in Table 3. Supplemental Table 1 compares the
result of a multivariate linear regression including limited predictors with a multivariate
linear regression with an expanded number of predictors, demonstrating that the expanded
model accounts for a larger proportion of the variance in sperm recovery. Results presented
here use the results of the expanded regression.

Duration of TTh, age at TTh cessation, and initial sperm concentration were significant
predictors for successfully reaching a TMC of 5 million within 12 months. Duration of TTh
has a correlation coefficient of —0.0306 (p = 0.017; 95% CI -0.0555, —0.0057), suggesting
that the probability of reaching a TMC of 5 million sperm decreases by 3.06% for each
additional year of TTh. Age has a correlation coefficient of -0.0171 (p = 0.015; 95% ClI
-0.0308, —0.0034), which suggests that the probability of reaching a TMC of 5 million
decreases by 1.71% for every year of age.

The regression analysis was performed for sperm recovery at 6 months using 59
observations. Similar to the analysis of 12 month data, duration of TTh (p = -0.0555, p<
0.001; 95% CI1 —0.0771, —0.0339) and age (p = -0.0163, p=0.019; 95% CI —0.0298,
-0.0028) were identified as significant negative predictors of successful sperm recovery at 6
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months. Using the probabilities generated from this linear probability model, the likelihood
of sperm recovery at 12 and 6 months based on a man’s age and duration of TTh was
calculated (Figures 1a and 1b).

DISCUSSION

Currently, no guidelines are available discussing the management of men presenting with
infertility that is presumed to be associated with testosterone use. Furthermore, it is unclear
how soon after cessation of testosterone that adequate spermatogenesis should be
anticipated. The results of this study facilitate physician counseling of men presenting with
azoospermia or cryptozoospermia presumably due to TTh, and provide a means to estimate
the likelihood of recovered spermatogenesis at 6 and 12 months after discontinuing TTh.
The coefficients for the impact of age are similar at both 6 and 12 months (-0.016 and
-0.017), indicating that age has a durable, long-lasting effect on sperm production and
recovery of spermatogenesis. In contrast, the contribution of the duration of TTh decreased
by approximately 50% between the 6 and 12 month analyses (—0.055 vs —0.030), suggesting
that the deleterious impact of TTh on spermatogenesis diminishes with increasing time off
of testosterone.

TTh suppresses the hypothalamic-pituitary-gonadal axis and inhibits spermatogenesis within
3.5 months in most men (10, 20-22). The present study examined the successful return of
spermatogenesis after discontinuation of TTh and initiation of high-dose hCG and SERM
therapy. We found that cryptozoospermic men had a higher likelihood of successful recovery
of spermatogenesis when compared with azoospermic men at 12 months but not at 6
months. Of azoospermic men, only 64.8% achieved a TMC >5 million sperm at 12 months,
compared with 91.7% of cryptozoospermic men. Thus, sperm recovery progresses at similar
rates in both groups during the the first 6 months, but cryptozoospermic men have a higher
likelihood of successful recovery of spermatogenesis within 12 months.

In a preliminary study, we demonstrated that hCG therapy promotes sperm recovery after
presumed testosterone-associated infertility (12). In the present study, important new
findings are observed. Our preliminary work defined recovery of spermatogenesis in
azoospermic patients as the presence of any sperm and as any increase in sperm count for
oligospermic patients. Our current study sets a more clinically relevant benchmark for sperm
recovery — the desirable number of total motile sperm required for IUl. Furthermore, our
preliminary work did not evaluate the effects of total duration of TTh, which are more
clearly outlined. In the present study, our inclusion criteria are stricter and draw from a
larger cohort of men, facilitating a more rigorous set of conclusions, and we concurrently
assess factors that influence sperm recovery. Most studies that have examined time to
recovery of spermatogenesis after TTh have used testosterone as a male contraceptive in
eugonadal men for up to 18 months (20-24). In a pooled analysis of 30 hormone
contraception studies encompassing 2,023 men, Liu et a/. found age, initial testosterone
level, initial LH level, total duration of testosterone, initial semen volume and density, and
type of testosterone to be significant predictors for recovery of spermatogenesis (10).
However, this study examined men that were in tightly controlled clinical trials, were
eugonadal prior to TTh, and were only on testosterone for less than one year on average,
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limiting the generalizability of the results to hypogonadal men on longer-duration TTh (8).
Nevertheless, the probabilities of recovery of spermatogenesis in the present study are
comparable to those observed by Liu et al. (10). Liu et a/. calculate a 90% chance of
recovery to 20 million sperm / ml 12 months after cessation of testosterone with a mean
cohort age of 31.8 years and duration of testosterone treatment of 9.45 months. This
probability is similar to our calculated probability of a 90.0% chance of achieving a TMC >5
million sperm at 12 months for a 30-year old man with a 1 year duration of TTh yet Liu et
al. find a lower average sperm density than our 33.9 million sperm/mL average. When
comparing probabilities of sperm recovery at 6 months duration of TTh, those calculated by
Liu et al. are lower than those calculated by our model. Our increased probabilities may be
attributable to accelerated sperm recovery from hCG and SERM therapy.

While the only significant predictors in our univariate analysis were time on testosterone and
age, we included initial T levels, route of T administration, and initial oligospermia as Liu ef
al. demonstrated in a much larger population that these factors are significant; additionally,
the inclusion of these variables strengthened the fit of our model. Yet our model differs from
Liu et al. in that our model calculates probabilities for recovery of spermatogenesis for a
wider range of ages and longer duration of testosterone in a population of men for whom
these data will provide a meaningful basis for patient counseling.

A factor in the growing prevalence of testosterone-associated infertility is the mistaken view
that testosterone can improve a man’s fertility (7). As such, is essential that physicians
counsel patients that testosterone will reduce their fertility and that longer durations of
testosterone or advanced age will prolong time to recovery of spermatogenesis. For men
who desire future fertility, physicians should consider a baseline semen analysis prior to
initiating TTh. This will ensure that men with underlying testicular dysfunction are
identified prior to TTh, which could otherwise confound the interpretation of semen
analyses while on post-TTh treatment.

The present study has several strengths and limitations. This is the first study to examine
sperm recovery after long-term TTh. We observed that both age and duration of TTh are
predictors of recovery of spermatogenesis and present a model that facilitates risk
stratification across a broad range of ages and TTh durations. Nevertheless, the retrospective
nature of the study limits the impact and generalizability of the data. Importantly, we do not
have semen analyses or FSH levels for these men prior to starting testosterone therapy,
limiting our ability to discern underlying testicular dysfunction prior to initiation of TTh.
While we excluded men with known genetic or other known causes of infertility, we cannot
conclude that all men included in this analysis were azoospermic or cryptospermic solely
due to testosterone-induced infertility. Our model, however, is still clinically useful as many
patients who present with infertility that is presumed to be associated with testosterone use
do not have a semen analysis prior to initiating testosterone use. Additionally, our strict
inclusion criteria limited the number of men included in this analysis. Finally, the dependent
variable in our analysis is whether men successfully achieved a TMC > 5 million sperm
within 6 or 12 months; however, we did not observe each subject’s TMC at exactly 6 or 12
months after initiation of HCG/SERM therapy, but rather the semen analysis occurred within
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or up to 6 and 12 months after therapy initiation. Therefore, it is likely that we underestimate
the effects of the predictor variables on TMC recovery.

CONCLUSION

The increased use of TTh in younger men has led to a rise in testosterone-associated
infertility. In our retrospective study of 66 men with testosterone-associated infertility who
ceased TTh and began high-dose hCG and/or SERM therapy, we identified age and duration
of TTh as significant predictors for the recovery of spermatogenesis at 6 and 12 months after
TTh cessation. Using our predictive model, physicians can counsel men regarding the
likelihood of recovery of spermatogenesis at 6 and 12 months after TTh cessation. Older
men on long-term TTh in particular should be counseled regarding the lower probability of
successful recovery of spermatogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Probability of achieving a total motile count greater than 5 million sperm within 12

months of TTh cessation. (B) Probability of achieving a total motile count greater than 5
million sperm within 6 months of TTh cessation.
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Table 1

Baseline characteristics and comparison of men with successful and unsuccessful sperm recovery.

All Men Success Failure

Biometric Features (n =66) (n =46) (n=20)
Age of men (y) 40.2 (+8.7) 38.3 (£7.0) 44.8 (£10.5)
Time on TTh (y) 2.0 (0.17-25) 1.67 (0.17-15) 4.0 (0.25-25)
Initial Hormone Analysis

Initial T (ng/dl) 632 (+369) 656 (+387) 577 (£327)

Initial FSH (miU/mL) * 13 (3.0) 12(3.1) 16(2.5)

Initial LH (mIu/mL) * 0.9 (x2.5) 09 (£2.8) 0.9 (£1.6)
Route of Testosterone

Injection 35 (53.0) 23 (50.0) 12 (60.0)

Topical 22 (33.3) 17 (37.0) 5 (25.0)

Pellets 9 (13.6) 6 (13.0) 3(15.0)
SERM

Clomiphene Citrate 45 (68.2) 32 (69.6) 13 (65.0)

Tamoxifen Citrate 21(31.8) 14 (30.4) 7(35.0)
Fertility Diagnosis

Azoospermia 54 (81.8) 34 (76.1) 19 (95.0)

Cryptozoospermia 12 (18.2) 11 (23.9) 1(5.0)

P-value
0.018
0.001

0.654
0.372

0.725

0.654

0.859

0.055

Note: Data are presented as mean (+SD), median (range), or n (%)

*
Missing information in some subjects
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