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The prevalence of idiopathic oligozoospermia has been esteemed as high as 75%. An
Italian survey has reported bilateral testicular hypotrophy in 14% of final-year high school
students. The search for determinants of testicular growth in childhood is important for the
primary prevention of spermatogenic failure. Therefore, this retrospective study aimed to
evaluate the testicular growth and pubertal onset in deficient children treated recombinant
human growth hormone (rhGH). To accomplish this, the clinical charts of 93 patients with
GH deficiency (GHD) were carefully reviewed. Their mean age at the time of diagnosis was
11.2 ± 2.4 years. rhGH was administered for 44.0 ± 22.4 months, and the onset of
puberty was recorded after a mean of 25.8 ± 22.4 months from the first rhGH
administration. As expected, serum insulin-like growth factor 1 (IGF1) levels increased
significantly after treatment. Before rhGH therapy, the Tanner stage was I in 59 out of 70
boys (84.3%), II in 8/70 (11.4%), III in 3/70 (4.3%). No one was on stage IV or V. The mean
Tanner stage was 1.19 ± 0.51. At the last visit, the Tanner stage was I in 8/72 boys
(11.1%), II in 6/72 (8.3%), III in 6/72 (8.3%), IV in 16/72 (22.2%), and V in 36/72 (50.0%).
After a mean of 44.0 ± 22.4 months of rhGH treatment, the mean Tanner stage was 4.05 ±
1.30. Patients treated with rhGH showed a significant testicular volume (TV) growth over
time, whereas no growth was observed in age-matched but not yet treated patients, even
when the age was compatible with a spontaneous start of puberty. The multivariate
regression analysis showed that the duration of treatment and the mean rhGH dose
significantly predicted the percentage of TV increase. In contrast, age, serum FSH, and
IGF1 levels, and final rhGH dose did not impact TV growth over time. In conclusion, these
findings suggest that GH may play a role in testicular growth and pubertal onset, despite
the descriptive nature of this study. Further properly designed studies are needed to
confirm these findings. This knowledge may be useful to implement the diagnostic-
therapeutic algorithm in case of a lack of testicular growth in childhood.
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INTRODUCTION

Male infertility represents an increasingly emergent issue in
Western countries, since it affects ~7% of the male population
(1). However, despite a through diagnostic work-up (including
genetic testing), its etiology remains elusive in the vast majority
of the cases (2). A longitudinal single center study carried out in
1737 patients with oligozoospermia esteemed the rate of
idiopathy as high as 75% (3). Meta-regression data on secular
trends of sperm parameters worryingly show that sperm
concentration and total sperm count halved in the last forty
years. The amount of the annual decrease of total sperm count
was 1.6%, overall corresponding to a decline of 59.3% (4). These
evidences push toward the urgent need of searching for the
causes of apparently idiopathic male infertility.

In recent years, the knowledge on testicular physiology has
increased (see 5–7 for review). The Sertoli cells (SCs), the main
components of the prepubertal testis, are “nurse cells”, as they
release factors enhancing spermatogenesis in the adulthood.
Also, SCs constitute the blood-testicular-barrier with the tight-
junctions between them, which makes the testicular tubules
immunologically silent, so that germ cells are protected by the
attack of the immune system. SCs secrete androgen binding
protein and anti-Müllerian hormone (AMH), needed for
Müllerian ducts regression. Before puberty, SCs are in an
immature state during which they actively proliferate and
secrete AMH. When puberty starts, SCs switch from an
immature to a mature state and lose the ability to mitotically
divide. In this phase, they start to release inhibin B and the
secretion of AMH declines (5–7).

Every SC provides the niche for the male germline and is able
to support the proliferation and differentiation of a definite
number of spermatogonia (8, 9). Thus, factors that impact on
SC proliferation can likely influence fertility and sperm output in
the adulthood. Therefore, at least some of the cases of apparently
idiopathic oligozoospermia may be addressed to an abnormal
proliferation of SCs in childhood, which entails low testicular
volume (TV) in the adulthood. Accordingly, a low TV is
associated with low sperm concentration and total sperm
count (10). An Italian survey carried out in 3816 final-year
high school students found bilateral testicular hypotrophy in
up to 14% of cases (11). Hence, to find the factors involved in
pre- and peri-pubertal testicular growth and SC proliferation
may reasonably be of relevance for the fertility of the
tomorrow’s fathers.

Our in vitro experience on a model of porcine neonatal SCs
suggests that insulin-like growth factor 1 (IGF1) promotes SC
proliferation (12). In particular, incubation with IGF1 but not
with growth hormone (GH), nor (surprisingly) with follicle-
stimulating hormone (FSH), stimulates the proliferation of
cultured SCs (12). Despite other data on the experimental
animal support the relevance of IGF1 on testicular
development and growth (13), the possible implication(s) of
this knowledge in the clinical practice is unknown. In particular,
the impact of IGF 1 serum levels on testicular growth in
childhood has not been fully acknowledged yet. This
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information could be useful to implement the diagnostic-
therapeutic algorithm in case of evidence of poor testicular
volumetric growth in childhood.

GH deficiency (GHD) represent a useful clinical model which
provides information on the in-vivo consequences of the lack of
IGF1 and recombinant human GH (rhGH) replacement therapy
on testicular growth and pubertal onset in a predefined window
of life. Thus, this retrospective study aimed to evaluate the role of
GH treatment on testicular growth and pubertal onset in a
cohort of GHD children.
PATIENTS AND METHODS

Study Population
This is a retrospective study performed on male GHD children
who were diagnosed and followed-up at the Unit of Pediatric
Endocrinology, University of Catania (Catania, Italy), from
May 2002 to December 2019. Specifically, all children referred
for short stature [-2 SDS according to the Italian population-
based reference (14)] underwent a complete medical evaluation,
including anamnesis, physical examination, blood testing
for measurements of complete blood count, fasting
glucose, creatinine, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), thyroid hormones, and insulin-like
growth factor 1 (IGF1). Screening for celiac disease was also
accomplished, by the measurement of serum total IgA,
transglutaminase IgA, gliadin IgA, and deamidated gliadin
IgA. In the case of negative values and no IgA deficiency, the
algorithm stopped. In case of IgA deficiency, transglutaminase
IgG, gliadin IgG, and deamidated gliadin IgG were measured.
Patients with positive values underwent duodenal biopsy for
diagnosis confirmation. In those with the suspicion of GHD,
plasma GH response to both arginine infusion and glucagon
was evaluated and the diagnosis was made when the GHmax

value at the two GH stimulation tests was <10 µg/l, as for the
GH Research Society consensus guidelines (15). All GHD
patients received rhGH treatment at a starting dose of 25
mg/kg/day. During follow-ups, dose adjustment was
performed within a range of 25–50 mg/kg/day, according to
guidelines (15) and in conformity with Note 39 of the Italian
Drug Agency (AIFA) (http://www.agenziafarmaco.gov.it/
content/nota-39).

Small for gestational age (SGA) patients, those with a head
injury, endocrine disorders (hypogonadism, hyperprolactinemia,
Cushing syndrome, and hypopituitarism), any form of tumor,
exposure to radio- and/or chemotherapy, abnormal FSH levels,
systemic diseases (kidney and/or liver diseases), and genetic
disorders were excluded.

Follow-Ups
Patients were followed-up every six months, as the guidelines
suggest (15), for auxological measurements and puberty staging.
IGF1 and testicular volume were evaluated at each follow-up
time. Luteinizing hormone (LH), FSH, total testosterone (TT),
April 2021 | Volume 12 | Article 619895
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and bone age were assessed less frequently when needed (e.g., for
monitoring pubertal onset or adverse effects).

Children were followed-up until they reached the near-adult
height, or until the end of the study. The treatment was
administered until the target height was achieved, independently
of the pubertal stage. Pubertal onset was defined for a TV >3ml by
Prader orchidometer. The assessment of puberty was
accomplished using the Tanner and Whitehouse staging method
(16). The duration of puberty was calculated as the time elapsing
between the first measurement of TV >3 ml and the age when the
maximum TV was achieved.

Hormonal Measurements
Hormone evaluation was performed in the central laboratory of
the University-Teaching Hospital Policlinico “G. Rodolico-San
Marco”, by electrochemiluminescence (ECLIA) (Hitachi-Roche
equipment, Cobas 6000, Roche Diagnostics, Indianapolis, IN,
USA). Blood was collected at the Pediatrics Endocrinology
outpatient clinic, in the morning.

Statistical Analysis
Results are reported as mean ± SD throughout the study.
Outcomes were classified according to rhGH administration.
The normality of data distribution was evaluated using the
Shapiro-Wilk test. Significant differences between mean TV,
gonadotropin, TT, and IGF1 in age-matched treated and still
untreated GHD patients were analyzed using the Student t-test
for independent samples or the Mann-Whitney U test, as
appropriate. Multivariate regression analysis was performed for
the TV change over time, that is the percentage of TV increase
during treatment. It was calculated as the ratio between the TV
value at the end of rhGH therapy and TV value before rhGH
therapy was started. The variables included in the model were:
the length of treatment (number of months during which
patients received rhGH therapy), mean IGF1, mean FSH
serum levels, calculated from the beginning of puberty to the
time when the full testicular development was reached, mean
rhGH dosage, final rhGH dosage, age at the end of treatment.
SPSS 22.0 for Windows (SPSS Inc., Chicago, USA) and
RealStatistics add-on for Excel were used for statistical analysis.
Frontiers in Endocrinology | www.frontiersin.org 3
The results were considered statistically significant when the
p-value was lower than 0.05.

Ethical Approval
This study was conducted at the Division of Endocrinology,
Metabolic Diseases and Nutrition of the University-Teaching
hospital “G. Rodolico-San Marco”, University of Catania
(Catania, Italy). The protocol was approved by the internal
Institutional Review Board, and informed written consent was
obtained from the parents of each participant after full
explanation of the purpose and nature of all procedures used.
The study has been conducted in accordance with the principles
expressed in the Declaration of Helsinki.
RESULTS

Medical records of 115 patients were initially evaluated and 93
GHD patients were ultimately included in this study. The
remaining 22 were excluded because they had craniofaringioma
(n = 3), neuropsychiatric disorder under treatment with
risperidone (n = 1), leukemia (n = 1), thalassemia major (n =
3), short-stature homeobox (SHOX) gene mutations (n = 2),
Nijhegen syndrome (n = 1), 1q32.2p43 chromosome deletion
(n = 1), Noonan syndrome (n = 1), renal failure (n = 1),
medulloblastoma (n = 2), multiple exostoses (n = 1), and
abnormalities at brain MRI (n = 2). Three patients with
incomplete medical records were also excluded.

At the time of GHD diagnosis, the patients’ mean age was
11.2 ± 2.4 years. The mean rhGH dose initially prescribed was
0.025 ± 0.003 mg/Kg daily; it was modulated at each follow-up
according to its efficacy and IGF1 levels. The mean rhGH dose
during therapy was 0.026 ± 0.003 mg/Kg daily. rhGH was
administered for a mean of 44.0 ± 22.4 months. At the end of
the study, patients showed an increase in height and BMI,
compared to baseline (Table 1). Similarly, the Tanner stage
was expectably higher at the end of the study (4.1 ± 1.3)
compared to baseline (1.2 ± 0.5), and the onset of puberty was
recorded after 25.8 ± 22.4 months from the firs t
rhGH administration.

The majority of the patients were pre-pubertal before rhGH
was prescribed. In particular, before rhGH therapy, the Tanner
stage was I in 59 out of 70 boys, II in 8/70, and III in 3/70. None
was on Tanner stage IV or V. At the last visit, the Tanner stage
was I in 8 out of 72 boys, II in 6/72, III in 6/72, IV in 16/72, and V
in 36/72 (Figure 1). Overall, at the end of the study, the
treatment was ongoing in 17 patients since they had not
already reached the target height. Among them, 10 had a
Tanner stage V, 2 a Tanner stage IV, 1 a Tanner stage III, 3 a
Tanner stage II, and 1 a Tanner stage I.

To appraise the effects of rhGH on the onset of puberty and
testicular growth, we evaluated mean IGF1 and TV values at each
follow-up visit during GH therapy, and these results were
compared with those of the age-matched patients who were
not on treatment yet. As showed in Figure 2, TV was
significantly higher in the treated GHD patients, compared to
TABLE 1 | Anthropometric and auxological characteristics of the 93 patients
with growth hormone (GH) deficiency included in this study at baseline [before
the start of recombinant human GH (rhGH) therapy] and at the end of the study.

Parameters Baseline End of the study

Age (years) 11.2 ± 2.4 15.4 ± 3.1
Dose of rhGH (mg/kg/daily) 0.024 ± 0.004 0.03 ± 0.01
Height (cm) 127.01 ± 14.88 158.36 ± 11.0
SDS of height -2.54 ± 0.78 -1.62 ± 0.79
Body mass index (BMI) (Kg/m2) 17.93 ± 5.32 20.15 ± 4.60
BMI standard deviation-score (SDS) -0.40 ± 1.50 -0.77 ± 1.68
Growth velocity (cm/year) 4.18 ± 1.20 5.03 ± 2.55
Growth velocity SDS -1.72 ± 1.66 2.13 ± 3.47
Tanner stage 1.19 ± 0.51 4.05 ± 1.30
Tanner stage was available for 70 patients at baseline and 72 patients at the end of
the study.
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the age-matched GHD patients who were not on treatment yet.
In the patients not already treated, who served as controls, the
TV volume remained pre-pubertal, even in those with an age
compatible with a spontaneous start of puberty (13-15 years).
Only an untreated 15.5 years old patient had a TV of 11 ml
(Figure 2 and Supplementary Table 1).

However, baseline TV values were available in 59 patients.
Among these, only 5 had a TV >3 ml, which corresponded to
11.4% (5/44) of the patients aged ≥10 years. All the other patients
had a TV ≤3 ml (Figure 3A). TV at the end of rhGH
administration was available in 60 patients, and a full testicular
development was reached in 70% of cases (Figure 3B). Among
patients with TV <12 ml at the last visit, 53.3% (8/15) withdrew
from therapy before the age of 16 years.

Expectably, treated patients showed significantly higher IGF1
levels compared to the age-matched not yet treated ones (Figure
4). No difference was found in serum LH, FSH, and TT
(Supplementary Table 2). These findings suggest the influence
of the GH-IGF1 system on TV growth over-time and the onset
of puberty.

To evaluate whether the increase in TV was influenced by the
duration of rhGH therapy, we built a multivariate regression
Frontiers in Endocrinology | www.frontiersin.org 4
model, including the length of treatment (number of months
during which patients received rhGH therapy), mean IGF1,
mean FSH serum levels, calculated from the beginning of
puberty to the time when the full testicular development was
reached, mean rhGH dosage, final rhGH dosage, and age at the
end of treatment. The stepwise procedure showed that the
duration of treatment and the mean dose were the only two
variables that significantly influenced the percentage of TV
increase. By contrast, the other variables were shown not to
influence TV growth over time (Table 2).
DISCUSSION

This retrospective study was undertaken to evaluate whether
treatment with rhGH can influence testicular growth and the
onset of puberty in a cohort of patients with GHD, the vast
majority of whom were pre-pubertal. We found that only the
patients receiving rhGH had a progressive increase of the TV
over time, whereas still untreated patients did not show any
significant TV increase. However, the final TV of the patients
treated with rhGH remained lower than the normative values
Parameters of multivariate regression analysis.

b coeff std err t stat p-value Lower 95% Upper 95% VIF

Intercept -1317.0624 816.2324 -1.6136 0.1174 -2986.4452 352.3202 –

Mean IGF1 0.0059 0.3976 0.0148 0.9883 -0.8073 0.8191 1.242
Mean FSH -19.8334 23.2197 -0.8542 0.4000 -67.3230 27.6562 1.61
Age 28.3438 38.5955 0.7344 0,4686 -50.5928 107.2805 1.475
Duration of treatment (months) 12.4452 1.9576 6.3573 0.0000 8.4415 16.4490 1.226
Mean rhGH dose 31595.3224 22148.8406 1.4265 0.1644 -13704.1430 76894.7878 4.76
Final rhGH dose 226.7791 17306.4988 0.0131 0.9896 -35168.9852 35622.5434 4.051
April 2021 |
 Volume 12 | Article 6
Model after removal of variables with p>0.05.

df SS MS F Significance F

Regression 2 3536761,7 1768381 31,92123 0.0000
Residual 33 1828143,1 55398,27
Total 35 5364904,8
TABLE 2 | Stepwise multivariate regression analysis.

Model with all the variables entered.

df SS MS F Significance F

Regression 6 3613744.43 602290.74 9.9742 0.0000
Regression 6 3613744.43 602290.74 9.9742 0.0000
Residual 29 1751160.33 60384.84
Total 35 5364904.76
Parameters after Stepwise procedure.

b coeff std err t stat p-value Lower 95% Upper 95% VIF

Intercept -861.5613 363.1699 -2.3723 0.0237 -1600.4360 -122.6865 –

Duration of treatment (months) 12.3217 1.7792 6.9253 0.0000 8.7018 15.9416 1.000
Mean rhGH dose 30447.4389 13889.9927 2.1920 0.0355 2188.0362 58706.8416 1.000
IGF1, insulin-like growth factor 1; FSH, follicle-stimulating hormone; rhGH, recombinant human growth hormone.
19895
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reported in healthy children and adolescents (17). Moreover,
TV growth was influenced by the duration of rhGH treatment.
Limitedly to the retrospective design of this study, these results
Frontiers in Endocrinology | www.frontiersin.org 5
suggest a role of GH (and of IGF1) in testicular growth and
pubertal onset. On note, the treatment was ongoing in 17
patients at the end of the study, since they had not yet
A

B

FIGURE 1 | Tanner stage of boys with growth hormone (GH) deficiency. (A) Tanner stage at enrollment. (B) Tanner stage at the end of the study.
FIGURE 2 | Testicular volume changes over time in boys with growth hormone (GH) deficiency who received recombinant human GH (rhGH) and in aged-matched
not yet treated GHD boys. The number of patients available for each time point is reported in the Supplementary Table 1.
April 2021 | Volume 12 | Article 619895
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reached the target height. However, the majority of them (10/
17) had a Tanner stage V and only 1 was prepubertal (Tanner
stage I). Hence, the results were not influenced by the
ongoing treatment.

These findings are in agreement with those of the previous
literature. However, few studies have assessed the effects of rhGH
administration on the onset of puberty and testicular health in
the past because this aspect has poorly been explored in GHD.
Nevertheless, pubertal delay is a common finding in GHD
patients, which has led to treatment with oxandrolone or T in
the past (18). The onset of puberty has been reported to occur
after 19.0 ± 3.5 months after rhGH therapy initiation and no
other specific treatments, in a cohort of eight GHD children.
Interestingly, no abnormality of conventional sperm parameters
nor TV was found in these patients (19). Subsequently, Bertelloni
and colleagues reported low TV and hypergonadotropic
hypogonadism in four male patients with non-GHD-
dependent short stature treated with rhGH (20). These
discrepant data prompted other research groups to assess
whether rhGH treatment could be deleterious for the testicular
function. Leschek and colleagues designed a randomized,
double-blind, placebo-controlled trial to evaluate the effect of
Frontiers in Endocrinology | www.frontiersin.org 6
rhGH administration on pre-pubertal or early pubertal male
patients with non-GH-deficient short stature. The results of this
study showed that GH treatment did not have a detrimental
effect on testicular function and pubertal onset or pace, as no
difference of pubertal onset age or final TV was found compared
with placebo (21). Similar findings were reported in a cohort of
84 GHD patients and 27 boys with idiopathic short stature (22).
Also, in a cohort of 107 patients (79 with GHD and 28 with
idiopathic short stature) treated with rhGH, no difference was
found in final TV when compared with that of the reference
population, thus confirming that rhGH administration does not
impact negatively on testicular volume progression (23). A
subsequent study carried out in eight patients with non-GH-
deficient short stature (constitutional delay of puberty or
idiopathic short stature) showed no adverse effect of rhGH
therapy on final TV, gonadotropins, and sperm conventional
parameters (24). Finally, in the last prospective, randomized,
controlled study on 124 non-GHD-related short children (91
male) randomized in rhGH treatment or placebo, rhGH
treatment reported increasing TV (25).

Altogether, these data suggest 1) no detrimental effect of
rhGH administration on testicular function in childhood; 2) that
A

B

FIGURE 3 | Testicular volume (TV) of boys with growth hormone (GH) deficiency. (A) TV at enrollment. Overall, 88.6% of patients whose TV values were available
prior to recombinant human GH (rhGH) administration and aged ≥10 years showed TV values ≤3 ml and had a Tanner stage 1. (B) TV at the end of rhGH
administration. The 70% of patients on rhGH therapy had TV ≥15 ml at the end of therapy, 20% had values <12 ml, compatible with testicular hypotrophy. Ten
percent had borderline values (12 ml ≤ TV < 15 ml).
April 2021 | Volume 12 | Article 619895
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rhGH administration may enhance testicular growth in GHD
patients that likely occurs via an IGF1-mediated mechanism.
This hypothesis has been recently suggested also by other
authors (26). Indeed, by observing the physiological elevated
(acromegalic) levels of IGF1 during puberty in both sexes, IGF1
has been supposed to promote the development of sexual organs
and gonads (26). Moreover, IGF1 receptor (IGF1R) has been
identified in gonadotropin hormone-releasing hormone (GnRH)
neurons of mice, and mice with a selective knock-out of the
IGF1R gene in the GnRH neurons show marked delay of puberty
(26). Hence, IGF1 may act with both a peripheral mechanism –
by enhancing SC proliferation, and with a central one – by
inducing the firing of the GnRH neurons.

On this account, IGF1 may be suggested as a diagnostic target
(with potential therapeutic implications) for cases with poor
testicular volumetric growth in childhood. Its serum levels are
known to augment with the increase of TV in healthy children
(27). Several previous studies have tried to understand if rhGH
treatment may somehow improve sperm parameters in
adulthood (28–30) or whether a relationship between IGF1
serum levels in adulthood and sperm parameters do exist (31).
The results of these studies showed no effect, and, therefore, the
idea that the GH-IGF1 may play a role in the reproductive
system was abandoned. However, those studies focused on the
adult testis, which is made of mature SCs that are unable to
proliferate. The physiology of the childhood testis is somewhat
different as SCs actively proliferate with an IGF1-dependent
mechanism (12). Testicular growth and function in childhood
are not frequently investigated by pediatricians. The evaluation
of testicular function in prepubertal children may be really
important to early recognize markers of testicular tubulopathy
and to prevent the onset of apparently idiopathic (and
Frontiers in Endocrinology | www.frontiersin.org 7
irreversible) oligozoospermia in adulthood (32). In fact, a poor
SC proliferation in childhood could lead to a reduced SC number
in adulthood, which will support the proliferation and
differentiation of a lower number of germ cell, in turn leading
to irreversible (since SCs can no more divide) oligozoospermia
(8, 9). In this scenario, the measurement of IGF1 may be
suggested in children with poor testicular volumetric growth.

We are aware of some of the limitations of the present study. The
reasons for cautiously interpreting our results include the
retrospective design, which limits the strength of the findings, as
well as the lack of an appropriate control group made of untreated
GHD patients. However, ethical issues do not allow overcoming this
last aspect, since it is not possible to deny rhGH prescription to
GHD children. Moreover, the study lacks entirely or in part of some
parameters. For example, IGF1 SDS or GHAUC were not available in
all children included in the study; also, information on the Tanner
stage was available in 70 boys before they were prescribed rhGH and
in 72 at the last visit, whereas data on TV were found in 59 boys
before therapy and 60 afterward. Finally, not all patients had
completed the rhGH therapy at the last visit.

In conclusion, according to the scanty previous literature, a
role for GH treatment in testicular growth and pubertal onset in
GHD children cannot be excluded. Due to the high prevalence of
apparently idiopathic oligozoospermia, the assessment of
testicular growth and function in childhood is of importance
to prevent the onset of male infertility in adulthood. Longitudinal
studies are needed to understand whether a poor testicular
volumetric growth may underlie borderline-low IGF1 serum
levels in otherwise healthy children. This knowledge may
implement the diagnostic-therapeutic algorithm in case of
evidence of poor testicular volumetric growth in childhood and
could be used for the primary prevention of infertility.
FIGURE 4 | Insulin-like growth factor 1 (IGF1) serum levels in boys with growth hormone (GH) deficiency who received recombinant human GH (rhGH) and in aged-
matched not yet treated GHD boys. The number of patients available for each time point is reported in the Supplementary Table 2.
April 2021 | Volume 12 | Article 619895
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