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OBJECTIVE To determine the distribution of semen parameters among adolescent and adult males presenting
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for fertility preservation.

METHODS
 A retrospective, cross-sectional cohort study of adolescent males age 11-19 who underwent semen

analysis for fertility preservation at 3 centers in 2 countries with a comparison cohort of adult men
presenting for fertility preservation. Prevalence of azoospermia and distribution of semen parame-
ters was compared across groups.
RESULTS
 A total of 197 adolescents and 95 adults underwent semen analysis for fertility preservation. Azoo-
spermia was present in 17 (8.6%) adolescents and 3 (3.2%) adults. There was decline in the preva-
lence of azoospermia with increasing age. After exclusion of patients with azoospermia, the
adolescent and adult cohorts were comprised of 180 and 92 patients, respectively. Median age at
presentation among adolescents vs adults was 16.5 years (interquartile range [IQR] 15.2-17.6) and
30.8 years (IQR 22.7-43.8), respectively. Median semen volume was 1.0mL (IQR 0.5-2.0) vs
2.5mL (IQR 1.5-3.5), P <.001. Median sperm concentration was 30 million/mL (IQR 10-57) vs
39 million/mL (IQR 14-57), P = .2. Median sperm motility was 39% (IQR 20-55) vs 45% (IQR
35-55), P = .01. Median total motile sperm count was 11 million (IQR 1.4-33) for adolescents vs
29 million (IQR 13-69) for adults, P <.001.
CONCLUSION
 Young adolescent males had higher prevalence of azoospermia and lower semen parameters compared
to adults. In conjunction with physical examination, Tanner stage, and specific clinical context,
these data can help to inform patients and their families about potential for fertility preservation,
even in very young adolescent patients. UROLOGY 127: 119−123, 2019. © 2019 Elsevier Inc.
While semen parameters are not diagnostic
of male infertility, they are crucial drivers of
treatment decisions in the management of
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adolescent male patients with fertility concerns.1 Varico-
cele is associated with impaired semen parameters, and
varicocele repair is often pursued with the goal
of improved semen parameters and fertility.2 Likewise,
semen parameters may impact fertility preservation
among adolescents with malignancy, such as the
decision to pursue testis biopsy and the extent of sperm
cryopreservation.3,4 However, the lack of established ref-
erence values for adolescent semen parameters substan-
tially impairs their utility in these clinical settings.

The commonly referenced World Health Organization
(WHO) criteria are based on fertile adult men only, and
semen parameters consistent with subfertility in adults may
not harbor the same prognostic significance in adolescents
on the spectrum of puberty and Tanner stage develop-
ment.5 Attempts to collect semen analyses from healthy
adolescents to establish reference ranges will be hampered
by barriers pertaining to practical and ethical concerns of
internal review boards, patient, and parental consent.6
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While prior studies have characterized adolescent semen
parameters in the setting of fertility preservation, the lack
of a comparison cohort renders it difficult to discern the
extent to which impaired adolescent semen parameters are
due to puberty or the presence of malignancy.3,7

Therefore, we sought to compare the distribution of
semen parameters in a multicenter, international cohort
of adolescent and adult males presenting for fertility pres-
ervation in order to inform patients and providers con-
fronted with fertility preservation prior to cancer therapy,
as well as to potentially offer insight into the management
of other conditions, such as varicocele, pertaining to fer-
tility in the adolescent male population.
MATERIALS AND METHODS
We performed a retrospective review of all adolescent males age
11 through 19 years who had semen analysis (SA) at 1 of 3 ter-
tiary care centers in 2 countries (United States and United King-
dom).8 Patients presented for sperm banking prior to treatment
of malignancy from 2010 to 2017. Those with a history of testis
cancer or systemic chemotherapy prior to SA were excluded as
these clinical characteristics may impact semen parameters.9-11

Patients who had SA for evaluation of varicocele were also
excluded. A comparison adult cohort consisted of men who pre-
sented for sperm banking prior to treatment of malignancy
at a single institution (Houston, TX) with the same exclusion
criteria.

Semen parameters (semen volume, sperm concentration,
motility) were measured at the local laboratory for each partici-
pating site. Each patient provided at least 1 semen sample. In
patients who subsequently provided additional samples, the
mean semen parameters of all samples for that individual was uti-
lized for the analysis. Initial evaluation was performed on the
uncentrifuged specimen. In the event that cryptozospermia or
azoospermia was noted, the specimen was centrifuged for further
analysis.

The prevalence of azoospermia in the adult and adolescent
cohorts was determined based upon SA at presentation. Patients
with azoospermia on 1 sample but presence of sperm on prior or
subsequent samples were considered oligospermic. Prevalence of
azoospermia in the adolescent cohort was compared to that of
the adult cohort using chi-squared test. This comparison was per-
formed to aid in determining the extent to which azoospermia in
the adolescent population was due to the patients being prepu-
bescent or due to an effect of the patients’ cancer diagnoses. If
azoospermia in adolescents was predominantly driven by malig-
nancy, we would expect similar rates of azoospermia cross all
adolescent and adult age groups. In contrast, if azoospermia in
adolescents was predominantly driven by progression of puberty
or lack thereof, we would expect variation in the prevalence of
azoospermia across age groups. While use of age as a surrogate for
puberty is confounded by the lack of Tanner stage and data
regarding the presence of varicocele, it can provide insight with
regard to potential etiology of azoospermia.

The prevalence of azoospermia in the adolescent cohort was
further stratified by age at 1-year intervals in order to provide a
more detailed assessment of differences between younger and
older adolescents, though no statistical testing was performed as
a result of power concerns secondary to the low number of young
adolescents in the cohort. For descriptive analyses of cohort
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semen parameters, patients with azoospermia were excluded
since they will likely represent distinct pathologies such as
puberty or genetic abnormalities. Cohort demographic and clini-
cal characteristics including age and duration of abstinence prior
to SA were described for all nonazoospermic adolescent patients.

Semen parameters for the overall cohort were described
according to quartile with additional reporting of the fifth and
95th percentile as a reference given the methodology of the
aforementioned WHO guidelines, which utilize the fifth percen-
tile as the lower bound of “normal.”12 Distribution of semen
parameters between adolescents and adults was compared using
the Wilcoxon rank-sum test.

Statistical significance for all testing was determined at a P
value of .05. All statistical analysis was performed using Stata
version 13.0 (StataCorp, College Station, TX). Institutional
review board approval was obtained for each participating insti-
tution.
RESULTS
A total of 197 adolescent males underwent SA for fertility pres-
ervation during the study period of whom 17 (8.6%) had azoo-
spermia. As expected, there was a decline in the prevalence of
azoospermia with increasing age (Fig. 1). In comparison, a total
of 95 adult men with cancer had SA in whom 3 (3.2%) had azo-
ospermia (P = .08).

After exclusion of adolescents with azoospermia, the adoles-
cent cohort was comprised of 180 patients from the United
States (N = 84, 46.7%) and the United Kingdom (N = 96,
53.3%). Median age at presentation was 16.5 years (interquartile
range [IQR] 15.2-17.6)

After exclusion of adults with azoospermia, the adult cohort
was comprised of 92 patients. Median age at presentation was
30.8 years (IQR 22.7-43.8).

Semen parameters for the adolescent and adult cohorts are
presented in Table 1. Median abstinence prior to SA was
4 days (IQR 3-5) for adolescents and 5 days (IQR 3-7) for
adults. Median semen volume was 1.0mL (IQR 0.5-2.0) for
adolescents vs volume 2.5mL (IQR 1.5-3.5) for adults, P
<.001. Median sperm concentration was 30 million/mL
(IQR 10-57) for adolescents vs 39 million/mL (IQR 14-57)
for adults, P = .2. Median sperm motility was 39% (IQR 20-
55) for adolescents vs 45% (IQR 35-55) for adults, P = .01.
Median total motile sperm count was 11 million (IQR 1.4-
33) for adolescents vs 29 million (IQR 13-69) for adults,
P <.001. A boxplot presenting the distributions of total
motile sperm count is presented in Figure 2.

The fifth percentile for all semen parameters among adoles-
cents and adults is presented in Table 2. Across all semen param-
eters, both adolescent and adult parameters were lower than the
WHO reference ranges.
DISCUSSION
There is a paucity of data examining semen parameters in
adolescent males, which is further complicated by the
inherent variation in timing and progression of puberty
among adolescents. The complexity of this issue and
absence of adolescent-specific parameters is particularly
challenging for management of adolescent conditions
such as varicocele and malignancy, wherein future fertility
UROLOGY 127, 2019



Figure 1. Prevalence of azoospermia among adolescent males according to age. (Color version available online.)
potential is a crucial component of clinical decision-mak-
ing. Studies of adolescent semen parameters have been
hindered by practical and ethical concerns from internal
review boards, providers, and parents. The ideal study
would evaluate middle- and high-school volunteers with
history, physical exam, and 2 semen samples after a prede-
fined period of abstinence. This would also enable the
exclusion of patients with cancer, varicocele, or other
potential confounding medical history. As such a study is
not technically feasible due to the aforementioned bar-
riers, we sought to retrospectively compare semen parame-
ters in adolescents and adults presenting for fertility
preservation in the context of malignancy.
Two recent retrospective studies have examined semen

parameters in an adolescent fertility preservation cohort.
Dinofia et al identified adolescents who were at least Tan-
ner stage III and newly diagnosed with malignancy, some
of whom had already received chemotherapy.3 The study
was limited by exclusion of adolescents with early Tanner
stage who may have had spermatogenesis, as spermarche
is an early pubertal event.13 Daudin et al reported data
from a large, multicenter, national cohort over 3 decades.7

While the largest series in the literature, the study did not
report the prevalence of azoospermia in the adolescent fer-
tility preservation cohort. Furthermore, the data were
Table 1. Adolescent and adult semen parameters

25th Percentile 50

Adolescent Adult Adole

Concentration (mil/mL) 10 14 3
Volume (mL) 0.5 1.5 1.
Motility (%) 20 35 3
Total motile count (mil) 1.5 13 1

*Wilcoxon-Mann-Whitney test.

UROLOGY 127, 2019
accrued across many different laboratories and over the
course of a long time period, which may render the results
subject to substantial variation in laboratory techniques
and data collection. Nonetheless, both studies described
baseline semen parameters in adolescents with malig-
nancy, thereby helping to establish a reference range for
these patients. The current study supports and expands
upon the findings of these prior studies.

We found that the prevalence of azoospermia in adoles-
cents decreased substantially with age and ultimately
approached those of adults. We hypothesized that the
prevalence of azoospermia in the adolescent population
was likely driven by puberty. However, to exclude the
possibility that azoospermia in the adolescent cohort was
driven by a diagnosis of malignancy in a substantial por-
tion of patients, we assembled a comparison cohort of
adult men with malignancy. Using age as a surrogate for
pubertal state, the higher prevalence of azoospermia in
the adolescent cohort suggested that this was likely due to
variations in onset of puberty. If azoospermia in adoles-
cents was driven by malignancy, we would have expected
similar rates of azoospermia across all adolescent and adult
age groups, though this assumption is confounded by the
inherent differences in the effects of adolescent and adult
malignancies on spermatogenesis and the lack of physical
th Percentile 75th Percentile

scent Adult Adolescent Adult P value*

0 39 57 57 .2
0 2.5 2.0 3.5 <.001
9 45 55 55 .01
1 29 33 69 <.001
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Figure 2. Boxplot distribution of total motile sperm count, adolescent versus adult (box represents median and interquartile
range). (Color version available online.)
examination (Tanner stage and varicocele).14-16 These
findings are consistent with DiNofia et al showing
decreasing prevalence of azoospermia across increasing
age groups, though the absolute rates of azoospermia are
lower in the current study.3

Figure 1 is very useful for counseling younger patients
age 11-13 who present with malignancy or other fertility-
related concerns. In the former circumstance, these data
demonstrate that even very young adolescent boys may
have spermatogenesis. Whereas some providers or family
members might overlook the potential for fertility preser-
vation in these young adolescent boys, the current data
reinforce the importance of discussing and offering fertil-
ity preservation in even the youngest patients. In the lat-
ter circumstance, most commonly a clinical varicocele,
these data can provide some reassurance that azoospermia
is likely related to puberty rather than varicocele pathol-
ogy, particularly when this is corroborated by Tanner
stage. Though lack of Tanner stage and varicocele data in
the current study unfortunately precludes the specific
Table 2. Fifth percentile lower bound of “normal” SA for
adolescent, adult, and World Health Organization (WHO)
cohorts12

Adolescent Adult WHO* WHOy

Concentration
(million/mL)

1 3 9 15

Volume (mL) 0.2 0.6 1.2 1.5
Motility (%) 0 13 26 40
Total motile
count (mil)

0 1.3 − −

*General population of unscreened men.
y Fertile men whose partners had time-to-pregnancy of less than
12 months.
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association of azoospermia with puberty, the high preva-
lence of azoospermia in younger patients relative to older
patients suggests that azoospermia in this age range is
likely to be puberty related.

We found that the distribution of semen volume, sperm
motility, and total motile sperm count in adolescents was
significantly different from those of adults. These data are
consistent with those of DiNofia et al and Daudin et al,
who previously demonstrated a correlation between these
semen parameters and age, which likely reflects progres-
sion of puberty.3,7 In contrast, whereas both Dinofia et al
and Daudin et al did observe a slight association between
age and sperm concentration, we did not observe a differ-
ence in sperm concentration between the 2 groups.3,7 In
the current study, there does appear to be a much lower
sperm concentration in both adult and adolescent fertility
preservation groups compared to the WHO reference
ranges, which may be due to the inherent effects of malig-
nancy on testicular function.16 Similar to these findings
in the context of malignancy, sperm concentration is
lower but not correlated with age amongst adolescent var-
icocele patients, whereas semen volume and motility are
positively correlated with age.17 In aggregate, these find-
ings suggest that sperm concentration may be most depen-
dent upon nonage-related gonadotoxic risk factors such as
malignancy and varicocele, whereas semen volume and
motility are age-dependent phenomenon, increasing with
age and progression of puberty irrespective of potential
gonadotoxic insult.

Our results must be evaluated in the context of the
strengths and limitations of our study design. The multi-
institutional and international nature of our cohort miti-
gates confounders and renders the results broadly applicable
and generalizable. We attempted to minimize heterogene-
ity by excluding adolescent and adult men with known
UROLOGY 127, 2019



varicoceles or pertinent history such as testis cancer, crypt-
orchidism, or orchiectomy that may affect spermatogenesis.
Additionally, the inclusion of a comparison adult cohort
sheds light upon the etiology of azoospermia in the adoles-
cent population. In this regard, the findings further support
and expand upon those of prior studies.3,7

The results are limited by the lack of specific clinical
data such as Tanner stage, type of malignancy, and physical
examination for the presence of varicocele. Ultimately, the
interpretation of these results is contingent upon use of age
as a surrogate for pubertal status in the absence of these
data and without controlling for these potential confound-
ers. Variability in laboratory sample processing and report-
ing (eg, counting chambers) across sites introduced
variability, thereby limiting regional comparisons and
reducing the accuracy of results from the overall cohort.18

We evaluated semen parameters from a single SA in the
majority of patients, which likely decreased the precision of
semen parameter measurement given the substantial varia-
tion in semen parameters between consecutive samples
from the same patient.19 Additionally, the distinct malig-
nancy profiles of adolescents vs adults likely contributed to
variation between the 2 groups.
CONCLUSION
We present the first international, multi-institutional
comparison of adolescent and adult semen parameters in
the setting of fertility preservation. Young adolescent
males had a higher prevalence of azoospermia compared
to adults, and the distribution of semen parameters was
significantly lower in adolescents compared to adults. The
current data build upon prior studies to establish a frame
of reference for providers, patients, and families who are
confronted with fertility concerns in the context of ado-
lescent malignancy and may further provide insight for
patients presenting with azoospermia in the context of
adolescent varicocele. In conjunction with physical exam-
ination, Tanner stage, and specific clinical context, these
data can help to inform patients and their families about
potential for fertility preservation, even in very young
adolescent patients.
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