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Abstract
Purpose To evaluate total testosterone distribution in male idiopathic infertility.
Methods A retrospective, real-world case-control clinical study was conducted. Cases consisted of men evaluated for couple
infertility, specifically those with alterations in semen parameters and normal gonadotropin levels, and after excluding all known
causes of male infertility. Controls were male subjects who underwent semen analysis for screening purposes, without any
abnormality detected. The total testosterone distribution was evaluated in cases and controls. Further analyses were performed
subgrouping cases according to total testosterone reference threshold suggested by scientific societies (i.e., 3.5 ng/mL).
Results Cases included 214 idiopathic infertile men (mean age 38.2 ± 6.2 years) and controls 224 subjects with normo-
zoospermia (mean age 33.7 ± 7.5 years). Total testosterone was not-normally distributed in both cases and controls, with
positive asymmetric distribution slightly shifted on the left in cases. The rate of subjects with testosterone lower than 3.5 ng/
mL was higher in cases (23.8%) than controls (4.5%) (p < 0.001). In cases with testosterone lower than 3.5 ng/mL, a
significant direct correlation between testosterone and the percentage of normal morphology sperms was highlighted, also
applying multivariate stepwise linear regression analysis (R= 0.430, standard error= 0.3, p= 0.020).
Conclusion Although idiopathic infertile men show by definition altered semen analysis and gonadotropins within reference
ranges, testosterone serum levels are widely variable in this population. Approximately a quarter of these patients present
some sort of functional hypogonadism. Our data support the need to better classify idiopathic male infertility and total
testosterone serum levels could be a supportive parameter in tracing the patient’s therapeutic profile.
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Introduction

Male infertility is estimated to affect about 50% of all
reproductive-aged infertile couples in Western countries
[1, 2]. In about 40% of the cases, the underlying cause of
male infertility could not be identified, falling into the broad
category of male idiopathic infertility. By definition, this
condition is characterized by at least one altered semen
parameter according to World Health Organization
(WHO)’s decision limits, in the absence of any recognizable
cause [3]. Since etiological factors remain unknown, pro-
posed therapies in idiopathic infertility setting are empirical.
Among potential treatments, the empirical testicular stimu-
lation through exogenous follicle-stimulating hormone
(FSH) has been reported in the literature. The comprehen-
sive evaluation of clinical trials designed to investigate FSH
efficacy in male idiopathic infertility showed an overall
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increased pregnancy rate after treatment, burdened by a
high number-need-to-treat to obtain a single pregnancy
[4, 5]. This evidence could have two different interpreta-
tions: from one side, FSH could be evaluated as essentially
ineffective in case of male idiopathic infertility, while, on
the other side, FSH could be effective, but the current
treatment scheme should be optimized in terms of dose and
duration. Indeed, a recent real-world study suggested that
the actual FSH therapy leads to a 27.6% pregnancy rate
when administered to idiopathic infertile men [6], while a
dose-dependent FSH efficacy on semen parameters has
been suggested in the literature [7, 8]. In this context, one of
the crucial points remains the need to recognize a priori
FSH-responders and consequently to have the possibility to
tailor the FSH scheme according to patients’ characteristics.

Few attempts have been performed so far to stratify
patients a priori, using pharmacogenetics predictors of FSH
efficacy [9–11]. However, conflicting results have been
obtained and no validated strategies to personalize hormo-
nal treatment in male idiopathic infertility are available
nowadays. Surely, the genetic background of idiopathic
infertile men must be considered. Several authors suggested
that male idiopathic infertility is caused by not yet identified
genetic abnormalities acting alone or in multiple combina-
tions [12]. Accordingly, male idiopathic infertility is a large
and heterogeneous diagnostic definition that includes con-
ditions extremely different from each other. Male idiopathic
infertility is not a single entity but the sum of several sub-
groups, each one with a possible different response to
exogenous FSH administration. From a practical point of
view, male idiopathic infertility has been considered as a
form of functional hypogonadotropic hypogonadism, a
condition in which gonadotropin serum levels are ‘inap-
propriately’ within reference ranges, while the target gland
does not respond optimally. According to that and
mimicking the therapeutic approach used in hypogonado-
tropic hypogonadism, FSH is proposed to idiopathic infer-
tile men as a hormonal replacement therapy. On the other
hand, other authors suggested that male idiopathic infertility
is not classifiable as alternative form of hypogonadotropic
hypogonadism, since gonadotropins’ activity is present and
not absent as seen in hypogonadotropic hypogonadism.
According to these considerations, exogenous FSH admin-
istration could be proposed with a stimulatory aim, instead
of a replacement one. Clearly, if it was possible to clarify
whether idiopathic infertility is or not a form of hypogo-
nadotropic hypogonadism, this would have repercussions in
therapeutic management, supporting a stimulatory versus
substitutive approach.

It is well known that high levels of intratesticular tes-
tosterone are required to support a qualitatively and quan-
titatively normal spermatogenesis [13–16]. Accordingly, the
European Association of Urology (EAU) [17] and the

Italian Society of Andrology and Sexual Medicine (SIAMS)
[18] recommended at least one testosterone serum levels
measurement in infertile men. This is physiologically
appropriate, since it allows to evaluate the testicular func-
tion as a whole. But are testosterone serum levels useful to
discriminate between functional hypogonadotropic hypo-
gonadism to other conditions resulting in male idiopathic
infertility? The distribution of testosterone serum levels in
men with idiopathic infertility has been evaluated in old
studies, providing conflicting results [19–31]. With this in
mind, the aim of the study was the evaluation of testoster-
one serum levels distribution in a cohort of men with
idiopathic infertility to possibly clarify its clinical implica-
tions. Moreover, idiopathic infertile men were compared to
controls.

Materials and methods

Study design

A retrospective, observational case-control clinical study
was carried out based on real-world data.

Cases consisted of all patients evaluated at the Andrology
Unit for couple infertility issues from June 2016 to June
2023. Each patient underwent the standard diagnostic work-
up provided for male infertility [32], as already described
elsewhere [33]. Thus, history collection, physical examina-
tion, semen analysis and hormonal evaluations were per-
formed and collected. Only those patients entering the
diagnostic class of male idiopathic infertility were finally
enrolled in the study. Thus, each patient was evaluated more
than once, in order to exclude all known causes of male
infertility. In particular, the following inclusion criteria were
considered for cases: (i) male partner of infertile couples (i.e.,
couples who did not reach a pregnancy after at least
12 months of unprotected sexual intercourses), (ii) with
alteration in at least one of semen analysis parameter, (iii)
with normal FSH (range 1–12 IU/L) and luteinizing hormone
(LH) (range 1–9 IU/L) serum levels, and (iv) with total tes-
tosterone serum levels higher than 2.1 ng/mL. The reference
ranges of FSH and LH serum levels were those suggested by
the kit used to perform the examination by the laboratory. On
the contrary, reference ranges for testosterone serum levels
were not those suggested by laboratory kit. Indeed, a widely
accepted testosterone threshold for the definition of hypo-
gonadism is still lacking. Considering scientific guidelines on
the definition of clinical hypogonadism [34, 35], testosterone
serum levels lower than 2.1 ng/mL surely recognize hypo-
gonadal men, while values higher than 3.5 ng/mL identify
eugonadal ones. With this in mind, we excluded men in
which the diagnosis of hypogonadism was reached beyond
any doubt, thus when testosterone serum levels were <2.1 ng/
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mL. Alongside hypogonadism, known and demonstrated
causes of infertility were excluded, such as the genetic
alterations (i.e., chromosomal alterations/aberrations,
Y-chromosome microdeletions and cystic fibrosis trans-
membrane conductance regulator [CFTR] gene mutations)
presence of varicocele, urogenital infections, obstructive
forms of infertility, other endocrinopaties potentially affect-
ing the gonadal function (i.e., Cushing syndrome, pituitary
tumours, adrenal gland dysfunctions).

Controls included all men consecutively referred to the
Department of Laboratory Medicine and Pathological
Anatomy, Azienda USL of Modena, from September 2010
to May 2022 for semen analysis for screening purpose.
Subjects were extracted and identified by an anonymous
unique personal alphanumeric code, as published elsewhere
[36]. A single dataset was generated, including patient’s
age, LH, FSH, testosterone and prolactin serum levels and
conventional semen analysis. Starting from this dataset,
only subjects with normozoospermia were considered. In
details, the definition of normozoospermia required all the
following criteria satisfied: (i) sperm concentration higher
than 16 million/mL, (ii) total sperm number higher than 39
million, (iii) progressive sperm motility higher than 30%,
and (iv) normal sperm morphology higher than 4% [37].

Data collected

For cases, the final dataset included history of couple
infertility (i.e., partner’s age, duration of infertility, primary
or secondary infertility, previous or current treatment for
male infertility), personal history (including comorbidities,
number of drugs, chronic disease score [CDS]), physical
examination (body mass index [BMI], testicular volume
measured at orchidometer and at testicular ultrasound
examination), hormone serum levels (LH, FSH, total tes-
tosterone, estradiol and prolactin) and semen analysis. The
CDS was calculated based on the current medication use
returning an aggregate comorbidity measure [38, 39]. In
particular, 25 classes of medication are weighted in the total
CDS score reflecting the disease complexity and severity
[39]. Higher CDS values correspond to more severe
comorbidity status (range 0–35) [38].

For controls, the final database included LH, FSH, total
testosterone, prolactin and semen analysis.

For both cases and controls, conventional semen analysis
was performed at the Department of Laboratory Medicine
and Pathology, Azienda USL of Modena on a semen sample
collected through masturbation after 2–7 days of sexual
abstinence. Among sperm parameters, the following vari-
ables were considered: semen volume, pH, sperm con-
centration and total number, sperm progressive and total
motilities and normal sperm morphology. The analysis was
performed according to V edition of WHO manual, until

2021 and following the VI edition in the last two years [37].
Blood samples were obtained after an overnight fast, in the
morning (8.00 am) to evaluate hormonal data. Total tes-
tosterone serum levels were assayed by Chemiluminescent
Microparticle Immunoassay (Achitect, Abbott, Dundee,
UK). LH, FSH and estradiol were measured by ARCHI-
TECT platform (Abbott Laboratories, USA). Prolactin was
measured by Chemiluminescent Immunoassay (Beckman
Coulter, Brea, CA, USA). The testosterone on LH ratio (T/
LH) was calculated as potential independent predictor of
spermatogenesis [40].

Ethical

The study protocol was approved by the local ethics committee
of the “Area Vasta Emilia Nord Modena” (protocol number
AOU0024637/19 of 09/2019). Due to the retrospective design
of the study, informed consent was not necessary.

Statistical analysis

Data distribution was evaluated with Shapiro–Wilk test.
Cases and controls data distribution was compared applying
Mann–Whitney U-test.

Total testosterone serum levels distribution was descri-
bed and the confidence interval at 95% was calculated.
Then, sub-analyses were performed among cases, using the
threshold of 3.5 ng/mL to define normal testosterone serum
levels, and to divide the cohort into two groups. This
threshold was considered evaluating the definition of nor-
mal testosterone serum levels in most of guidelines pub-
lished on the topic [34, 41–43]. Difference between the two
sub-groups was evaluated using Mann–Whitney U-test.

Bivariate correlation analyses were performed by
Spearman’s Rho, considering hormones and semen analysis
parameters. The Bonferroni post-hoc test was applied to
adjust statistical significance. Since 14 variables were con-
sidered in the correlation analysis, p < 0.003 was considered
as statistically significant.

Multivariate stepwise linear regression analysis was
applied, using testosterone serum levels as continuous
dependent variable and all hormones and semen analysis
parameters as independent ones. These analyses were per-
formed tow times. The second one was performed adjusting
the statistical models for confounders, such cryptorchidism,
varicocelectomy, number of comorbidities, use of drugs,
smoke and alcohol habits.

Two logistic regression analyses were performed using
the number of men with testosterone serum levels below
3.5 ng/mL as dependent variable. The first analysis was
applied considering clinical characteristics as independent
variables, the second hormones and semen analysis
parameters.
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The IBM ® SPSS ® Statistics software for Windows (version
28.0.1.1; IBM SPSS Inc, Chicago, IL) was used for statistical
analyses. Statistical significance was considered for P < 0.05.

Results

Two hundred and fourteen men with idiopathic infertility
were included among cases (mean age 38.2 ± 6.2 years)
(Table 1). Two hundred and twenty-four subjects with
normozoospermia were included among controls (mean age
33.7 ± 7.5 years).

Case-control comparison

According to the inclusion criteria, all patients enrolled
among cases showed idiopathic infertility, thus with semen
analysis parameters, below at least one of the WHO deci-
sional limits (Table 2). In particular, 190 men (88.8%)
showed a variable degree of semen parameters alterations,
while 24 men (11.2%) were azoospermic. As expected in
case of idiopathic infertility, gonadotropins serum levels
resulted within reference ranges (Table 2). On the contrary,
all subjects included in controls showed all semen analysis
parameters above decisional limits (Table 2). Accordingly,

both mean gonadotropins and testosterone serum levels
were within the reference ranges (Table 2).

Interestingly, among cases, twelve patients (5.6%) were
already under treatment with various antioxidants com-
pounds at first andrology visit. Of this cohort, 190 men
(88.8%) obtained a hormonal therapy prescription after the
diagnostic work-up.

Cases and controls clearly showed significant different
semen analysis parameters, as expected by inclusion criteria
reported above (Table 2). Among hormonal variables, tes-
tosterone serum levels were significantly lower in cases
compared to controls (p= 0.002) (Table 2). Although LH
did not differ between cases and controls (p= 0.324), T/LH
was significantly higher in controls than cases (p < 0.001).
Moreover, FSH was significantly higher in cases compared
to controls (p < 0.001) (Table 2).

Total testosterone serum levels distribution

In cases, total testosterone serum levels were not normally
distributed (Shapiro–Wilk 0.933, p < 0.001), with a positive
asymmetric distribution (Curtosi 0.7, standard error 0.3), with
95% confidence interval (CI) 4.9, 5.5 ng/mL (Fig. 1A). Simi-
larly, testosterone serum levels were not normally distributed in
controls (Shapiro–Wilk 0.967, p < 0.001), confirming the same
positive asymmetric distribution detected in cases, (Curtosi 0.5,
standard error 0.3), with 95%CI 5.5, 5.9 ng/mL (Fig. 1B).
However, upon comparing the two curves, it was observed that
the distribution of testosterone more accurately mirrored the
Gaussian distribution in controls than in cases (Fig. 1C).

The first logistic regression analysis using anamnestic
data as independent variables did not generate a significant
model able to predict total testosterone serum levels dis-
tribution (Chi-squared 6.5, p= 0.588). Similar results were
obtained by a second logistic regression analysis, using
hormones and semen analysis parameters as dependent
variables (Chi-squared 128.9, p= 0.063). Accordingly,
bivariate correlation analyses did not highlight significant
relationships between total testosterone serum levels and
both hormones and semen analysis parameters (Table 3).
The multivariate stepwise linear regression analysis gener-
ated two significant models. The first one related testoster-
one to estradiol serum levels (R= 0.205, standard error 1.9,
p= 0.035), the second testosterone to LH serum levels
(R= 0.302, standard error 1.9, p= 0.007). After con-
founders adjustment, the two models remained statistically
significant (estradiol: R= 0.389, standard error 2.1,
p= 0.009, LH: R= 0.290, standard error 1.9, p= 0.020).

Subgrouping analyses

Twenty-eight% of cases (51 patients) showed total testoster-
one serum levels lower than 3.5 ng/mL. On the contrary, only

Table 1 Clinical characteristics of men enrolled in the study. Data are
expressed as median and interquartile range (IQR)

Variables Cases (n= 214)

Age (years) 38.4 (6.9)

Body mass index (kg/m2) 27.9 (5.7)

Infertility duration (years) 2.6 ± 3.1 (1.0, 25.0)

Primary infertility n (%) 188 (72.6)

Anamnestic cryptorchidism n (%) 14 (5.4)

Varicocelectomy n (%) 18 (6.9)

Actual smokers n (%) 97 (37.5)

Number of cigarettes/daily 17.7 ± 8.6 (10, 40)

Ex smokers n (%) 45 (17.4)

Alcohol intake n (%) 135 (52.1)

Comorbidities

Hypertension n (%) 14 (5.4)

Diabetes mellitus n (%) 3 (1.2)

Dislipidemia n (%) 2 (0.8)

Major cardiovascular events n (%) 1 (0.4)

Chronic disease score (CDS) 0.3 ± 1.1 (0, 8)

Current drugs assumption n (%) 46 (17.8)

Number of drugs 0.1 ± 0.5 (0, 6)

Anti-hypertensive n (%) 13 (5.0)

Lipid lowering n (%) 4 (1.5)

Anti-diabetic n (%) 2 (0.8)

Psyco-active n (%) 3 (1.2)
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the 4.5% of controls (10 subjects) showed testosterone serum
levels lower than 3.5 ng/mL. The rate of reduced testosterone
serum levels was higher in cases than controls (p < 0.001).

Dividing cases according to total testosterone serum
levels threshold of 3.5 ng/mL, no significant differences
were detected for hormones and semen parameters between
the two groups (Table 4). Analysing separately men pre-
senting testosterone higher than 3.5 ng/mL and men with
testosterone below this threshold, interesting results were
obtained. Indeed, no significant correlations remained for
men with total testosterone serum levels higher than 3.5 ng/
mL (Table 4). On the contrary, in the subgroup of patients
with testosterone <3.5 ng/mL, total testosterone serum
levels showed significant direct correlation with the per-
centage of sperm with normal morphology (Table 4). The
same result was confirmed applying multivariate stepwise
linear regression analysis, using total testosterone serum
levels as dependent continuous variable. In men with total
testosterone serum levels higher than 3.5 ng/mL, only the
correlation with LH serum levels was highlighted both in
unadjusted (R= 0.293, standard error 1.7, p= 0.010) and
adjusted models (R= 0.401, standard error 1.9, p= 0.005)
Table 5. On the contrary, in men with testosterone serum
levels lower than 3.5 ng/mL, only normal sperm morphol-
ogy significantly entered both the unadjusted (R= 0.430,
standard error= 0.3, p= 0.020) and the adjusted models
(R= 0.390, standard error= 0.5, p= 0.025).

Discussion

This real-world data analysis highlights the endocrine het-
erogeneity of men who are commonly classified within the
broad diagnosis of ‘idiopathic infertility’. Indeed, whether
these men uniformly show altered semen analysis and
gonadotropin serum levels within reference ranges, testos-
terone serum levels are variable in this population. Twenty-
four% of idiopathic infertile men show testosterone serum
levels not frankly pathological, but in the ‘grey zone’ (i.e.,
between 2.1 and 3.5 ng/mL - 7.3 and 12.1 nmol/L), espe-
cially considering the age range of such patients. In other
words, approximately a quarter of patients classified as
idiopathic infertile present some sort of functional
hypogonadism.

Our case-control study shows that testosterone serum
levels are lower in subjects with altered spermatogenesis
compared to those with normozoospermia. Our cases of
idiopathic infertility show a significant reduction in all
semen analysis parameters, together with higher FSH serum
levels and reduced T/LH ratio compared to controls. The
higher FSH serum levels detected in cases suggests an
impairment of the spermatogenic compartment of the testis.
The reduced T/LH ratio confirmed the reduced gonado-
tropin efficacy on testicular function, indirectly suggesting a
potential spermatogenic impairment [40]. Thus, although
our control group is not formed by men with proven

Table 2 Hormones and semen
analysis results obtained during
the diagnostic work-up for male
infertility. Data are expressed as
mean ± standard deviation
(minimum, maximum)

Variables Cases (n= 214) Controls (n= 224) p-value

Right testicular volume at orchidometer
(mL)

14.6 ± 4.5 (5.0, 25.0) — —

Left testicular volume at orchidometer
(mL)

14.7 ± 4.6 (5.0, 25.0) — —

Right testicular volume at ultrasound
(mL)

15.7 ± 7.0 (5.7, 44.0) — —

Left testicular volume at ultrasound (mL) 14.1 ± 6.2 (4.3, 42.3) — —

Testosterone (ng/mL) 5.2 ± 2.0 (2.1, 14.5) 5.7 ± 1.5 (2.9, 11.0) 0.002

LH (IU/L) 4.0 ± 1.6 (1.4, 9.0) 3.8 ± 2.5 (1.0, 11.0) 0.324

T/LH 1.5 ± 0.9 1.9 ± 1.0 <0.001

FSH (IU/L) 5.2 ± 2.4 (1.0, 12.0) 4.1 ± 3.6 (1.0, 12.1) <0.001

Estradiol (pg/mL) 24.8 ± 9.8 (9.0, 90.0) — —

Prolactin (ng/mL) 11.8 ± 5.6 (0.6, 21.7) 12.5 ± 8.0 (1.6, 48.6) 0.357

Semen volume (mL) 2.9 ± 5.6 (0.2, 11.5) 3.2 ± 1.6 (1.4, 9.0) 0.124

pH 8.1 ± 0.4 (6.0, 9.5) 8.1 ± 0.3 (7.0, 9.0) 0.905

Sperm concentration (million/mL) 8.8 ± 11.7 (0.0, 85.0) 93.5 ± 74.3 (16.5, 600.0) <0.001

Total sperm number (millions) 20.6 ± 35.9 (0.0, 330.0) 267.7 ± 207.7 (41.4, 1512.0) <0.001

Progressive motility (%) 18.8 ± 18.4 (0.0, 82.0) 53.6 ± 14.4 (30, 87) <0.001

Total motility (%) 26.6 ± 22.5 (0.0, 100.0) 63.7 ± 13.4 (42, 96) <0.001

Normal morphology (%) 2.0 ± 2.8 (0.0, 18.0) 10.0 ± 14.3 (4, 99) <0.001

FSH follicle stimulating hormone, LH luteinizing hormone, T testosterone

Bold values indicate statistical significance
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Fig. 1 Total testosterone serum levels distribution in the cohort of idiopathic infertile men (A), and controls (B). C shows together cases and
controls

Table 3 Hormones and semen
analysis parameters differences
between men with total
testosterone serum levels below
or above the 3.5 ng/mL
threshold in cases. Data are
expressed in mean ± standard
deviation

Variables Testosterone < 3.5 ng/mL Testosterone ≥ 3.5 ng/mL p-value

Right TV at orchidometer (mL) 14.5 ± 4.4 15.0 ± 4.9 0.529

Left TV at orchidometer (mL) 14.5 ± 4.4 15.5 ± 5.0 0.261

Right testicular volume at ultrasound (mL) 15.2 ± 6.6 16.7 ± 8.8 0.322

Left testicular volume at ultrasound (mL) 14.1 ± 5.9 14.4 ± 7.3 0.878

LH (IU/L) 4.0 ± 1.6 3.7 ± 1.5 0.242

FSH (IU/L) 5.1 ± 2.3 5.3 ± 2.7 0.689

T/LH 0.9 ± 0.4 1.7 ± 0.9 <0.001

Estradiol (pg/mL) 25.6 ± 10.2 22.4 ± 8.3 0.055

Prolactin (ng/mL) 11.7 ± 5.6 12.3 ± 5.5 0.556

Semen volume (mL) 2.9 ± 1.7 2.9 ± 1.7 0.912

pH 8.1 ± 0.3 8.0 ± 0.5 0.137

Sperm concentration (million/mL) 9.0 ± 12.3 8.1 ± 9.6 0.618

Total sperm number (millions) 21.2 ± 39.3 18.8 ± 22.7 0.683

Progressive motility (%) 19.5 ± 18.1 16.9 ± 19.4 0.392

Total motility (%) 28.7 ± 22.2 20.4 ± 22.3 0.066

Normal morphology (%) 2.3 ± 3.2 1.3 ± 1.7 0.064

FSH follicle stimulating hormone, LH luteinizing hormone, T testosterone, TV testicular volume

Bold values indicate statistical significance
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fertility, it represents a valuable example of normal sper-
matogenesis. When testosterone serum levels distribution is
evaluated in these groups, an asymmetric trend is described,
showing a prolonged tail towards higher values. This dis-
tribution closely resembles that observed in normozoos-
permic patients; however, in the latter group, the
distribution is closer to a Gaussian distribution. Moreover,
the rate of subjects with reduced testosterone serum levels is
higher in infertile men compared to normozoospermic
subjects, confirming the relevance of evaluating hormonal
profile in the diagnostic work-up of male infertility.

The International Committee for Monitoring Assisted
Reproductive Technologies (ICMART) defined hypogona-
dotropic hypogonadism as the condition characterized by
gonadal failure, i.e., impaired gametogenesis and gonadal
steroid production, due to reduced gonadotropin production
and/or action [44]. While reduced testosterone serum levels
reflect reduced LH stimulation on Leydig cells, altered
spermatogenesis is the result of the impairment of intra-
testicular testosterone levels and/or FSH stimulation on
Sertoli cells. Since this condition is caused by suboptimal
testicular stimulation by gonadotropins, patients with
hypogonadotropic hypogonadism could be effectively
treated with exogenous gonadotropins or gonadotropin-
releasing hormone (GnRH) with a significant testosterone
raise and semen analysis improvement [45–47]. Alongside
hypogonadotropic hypogonadism, testicular stimulation
with gonadotropins could have other fields of application.
For example, patients with not-obstructive azoospermia
obtained a higher success rate of sperm retrieval by testi-
cular sperm extraction (TESE) when they received hCG
therapy (odds ratio [OR]: 1.295, 95%CI: 1.115–1.505;
p < 0.001) [48]. Although definitive conclusions are not
possible due to highly heterogeneous study designs, popu-
lations, sample sizes, gonadotropin therapy regimens,
treatment duration and sperm retrieval methods, it is inter-
esting to note that treatment with a hormone presenting
steroidogenic function [49], i.e., hCG, is able to stimulate
spermatogenesis. However, it is reasonable to think that a
synergic action is exerted by both gonadotropins on testi-
cular function, and thus, when testosterone serum levels are
reduced, a replacement therapy with gonadotropins, e.g.,
hCG and FSH, could improve the chances of final success.
However, the total testosterone serum levels threshold
facilitating optimal spermatogenesis has yet to be estab-
lished [50, 51]. With this in mind, our study suggests that
24% of men classified within the male idiopathic infertility
category could benefit from gonadotropins’ stimulation.
This is what currently occurs in clinical practice in Italy, where
FSH administration is allowed. Here, FSH could be admi-
nistered to men with idiopathic infertility presenting FSH
serum levels below 8 IU/L [52]. This national rule allows the
FSH prescription at the dosage of 150 IU three times weeklyTa
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for four months, potentially renewable until 12 months of
treatment. However, the expected FSH scheme is the same
irrespective whether the patient shows hypogonadotropic
hypogonadism or idiopathic infertility. Which should be the
rationale suggesting that two different categories would ben-
efit from the same therapeutic scheme? The male infertility
treatment is still stuck in the 90 s, when fixed FSH dosages
(i.e., 150 IU daily) were used even in ovarian stimulation,
regardless of the characteristics of the woman. In this setting,
now it is widely demonstrated that an over-stimulation is
needed, and the personalization of the treatment is mandatory
[53–55]. Thus, there is no rationale supporting the belief that
all idiopathic men would respond to the same treatment,
knowing that this category is highly heterogeneous. Here we
suggest that, probably, the current treatment schedule could
have a rationale only in 24% of men with idiopathic infertility.

On the other hand, our results suggest that the remnant 76%
of men with idiopathic infertility showed normal testosterone
serum levels, excluding a potential, functional hypogonado-
tropic hypogonadism form. Thus, these patients should not be
treated with the same hormonal therapy scheme used to
replace gonadotropins’ function, since the impaired sperma-
togenesis is probably caused by a defect within the sperma-
togenesis cascade. Obviously, further studies aimed to identify
the aetiology behind the idiopathic forms of infertility are
mandatory. However, considering the available knowledge,
we can suggest that total testosterone serum levels could be
used in idiopathic infertile men to decide whether the hor-
monal stimulation should be performed with a replacement or
an over-stimulatory aim. Indeed, men with idiopathic infertility
but normal pituitary gland stimulation on the testis probably
will not respond to FSH administration at a replacement
dosage. In the literature, 21 trials evaluated the efficacy of FSH
administration in this setting, showing an overall pregnancy
rate increase, although a high number-need-to-treat (NNT) was
highlighted (from 10 to 18 men should be treated with FSH to
obtain one pregnancy) [56]. This elevated NNT reflects the
lack of rationale behind the current FSH scheme applied to
idiopathic infertility. Indeed, whether 150 IU three times
weekly should be sufficient in hypogonadotropic hypogo-
nadism, it is probably underdosed in idiopathic infertility.
Accordingly, a dose-dependent FSH-related sperm con-
centration increase is demonstrated by the comprehensive
analysis of published data [7]. Moreover, several lines of
research suggested that spermatogenesis does not run at its
maximal level physiologically. Indeed, both animal and
human models of hemicastration show a FSH and inhibin B
increase with a consequent volume increase of the remaining
testis, allowing a preserved (or just slightly reduced) sperma-
togenesis [57–61]. Thus, when the FSH serum levels increase,
spermatogenesis could be boosted over its physiological level.
This is further suggested by other human models, such as
pituitary FSH-secreting adenomas [62], and activating FSHR

mutations [63, 64]. There are no endocrinological reasons why
the increase of a pituitary gland hormone should not be
accompanied by the increased activity of the target gland.

Several limits need to be taken into consideration when
evaluating our results. From one side, a real-world approach
has some intrinsic limitations, since it works on retrospective,
routinely collected data and there is not any a priori study
design. Moreover, considering the study design, we included
subjects in whom a definitive cause of infertility was ruled
out. This implies that a subset of subjects, albeit limited, may
exhibit conditions such as cryptorchidism, varicocele, and
other factors potentially associated with infertility, even if not
clinically demonstrated. In addition, testosterone serum levels
measurements were performed using immunometric assays,
that could be less accurate - especially for low values—if
compared to the gold standard method, i.e., liquid
chromatography-mass spectrometry [65]. Moreover, the tes-
tosterone serum level threshold selected to classify patients is
not demonstrated to be the most accurate to discriminate
eugonadal/hypogonadal patients, although supported by
available literature. Finally, subjects enrolled among controls
exhibited normal semen analysis parameters, yet their fertility
status has not been conclusively established. It is crucial to
note that when comparing infertile men to fertile subjects,
only those individuals with documented fertility should be
regarded as a suitable control group.

In conclusion, here we detect a subgroup of men with
idiopathic infertility that, potentially, will better respond to
an over-stimulatory FSH administration [66], accounting for
the 76% of the entire group. Clearly these hypotheses
require ad hoc-designed study to potentially optimize the
use of FSH therapy and possibly increase its efficacy.

Author contributions DS designed the study. GS, FC, LDV, MR, and
CF collected clinical data. LR, MCDS, and TT performed semen
analyses. GC and TT performed hormonal examinations. DS per-
formed statistical analyses. DS and GS wrote the manuscript draft. DS,
GS, and MS revised the manuscript.

Funding Open access funding provided by Università degli Studi di
Modena e Reggio Emilia within the CRUI-CARE Agreement.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless

Endocrine (2024) 84:757–767 765



indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. H. Tournaye, C. Krausz, R.D. Oates, Concepts in diagnosis and
therapy for male reproductive impairment. Lancet Diabetes
Endocrinol. 5(7), 554–564 (2017)

2. E. Greenhall, M. Vessey, The prevalence of subfertility: a review
of the current confusion and a report of two new studies. Fertil.
Steril. 54(6), 978–983 (1990)

3. M.S. Oud et al. A systematic review and standardized clinical
validity assessment of male infertility genes. Hum. Reprod. 34(5),
932–941 (2019)

4. A.M. Attia, A.M. Abou-Setta, H.G. Al-Inany, Gonadotrophins for
idiopathic male factor subfertility. Cochrane Database Syst. Rev.
2013(8), CD005071 (2023)

5. D. Santi, A.R. Granata, M. Simoni, FSH treatment of male idio-
pathic infertility improves pregnancy rate: a meta-analysis.
Endocr. Connect 4(3), R46–R58 (2015)

6. M. Romeo et al. Follicle-stimulating hormone effectiveness in
male idiopathic infertility: what happens in daily practice?
Andrology 11(3), 478–488 (2023)

7. R. Cannarella, et al. FSH dosage effect on conventional sperm
parameters: a meta-analysis of randomized controlled studies.
Asian J. Androl. 22(3), 309–316 (2020).

8. Y.M. Ding et al. Treatment of idiopathic oligozoospermia with
recombinant human follicle-stimulating hormone: a prospective,
randomized, double-blind, placebo-controlled clinical study in Chi-
nese population. Clin. Endocrinol. (Oxf.) 83(6), 866–871 (2015)

9. D. Valenti et al. Follicle-stimulating hormone treatment in nor-
mogonadotropic infertile men. Nat. Rev. Urol. 10(1), 55–62
(2013)

10. C. Foresta et al. Follicle-stimulating hormone treatment of male
infertility. Curr. Opin. Urol. 18(6), 602–607 (2008)

11. A. Ferlin et al. Toward a pharmacogenetic approach to male
infertility: polymorphism of follicle-stimulating hormone beta-
subunit promoter. Fertil. Steril. 96(6), 1344–1349.e2 (2011)

12. C. Krausz, A.R. Escamilla, C. Chianese, Genetics of male infer-
tility: from research to clinic. Reproduction 150(5), R159–R174
(2015)

13. K.A. Tan et al. The role of androgens in sertoli cell proliferation
and functional maturation: studies in mice with total or Sertoli
cell-selective ablation of the androgen receptor. Endocrinology
146(6), 2674–2683 (2005)

14. G. Grande et al. The role of testosterone in spermatogenesis:
lessons from proteome profiling of human spermatozoa in tes-
tosterone deficiency. Front. Endocrinol. 13, 852661 (2022)

15. R.I. McLachlan et al. Effects of testosterone plus medrox-
yprogesterone acetate on semen quality, reproductive hormones,
and germ cell populations in normal young men. J. Clin. Endo-
crinol. Metab. 87(2), 546–556 (2002)

16. R. Cannarella et al. Predictive role of 17α-hydroxy-progesterone
serum levels of response to follicle-stimulating hormone in
patients with abnormal sperm parameters. Fertil. Steril. 120(6),
1193–1202 (2023)

17. S. Minhas et al. European Association of Urology guidelines on
male sexual and reproductive health: 2021 update on male infer-
tility. Eur. Urol. 80(5), 603–620 (2021)

18. A. Ferlin et al. Management of male factor infertility: position
statement from the Italian Society of Andrology and Sexual
Medicine (SIAMS): Endorsing Organization: Italian Society of
Embryology, Reproduction, and Research (SIERR). J. Endocrinol.
Invest 45(5), 1085–1113 (2022)

19. D.M. De Kretser et al. Hormonal, histological and chromosomal
studies in adult males with testicular disorders. J. Clin. Endocri-
nol. Metab. 35(3), 392–401 (1972)

20. K. Purvis et al. Indices of gonadal function in the human male. I.
Plasma levels of unconjugated steroids and gonadotrophins under
normal and pathological conditions. Clin. Endocrinol. (Oxf.) 4(3),
237–246 (1975)

21. B. Bruno et al. Hormonal and seminal parameters in infertile men.
Andrologia 18(6), 595–600 (1986)

22. M. Yamamoto et al. Serum estradiol levels in normal men and
men with idiopathic infertility. Int J. Urol. 2(1), 44–46 (1995)

23. M.L. Anapliotou et al. Increased 17-OH-progesterone levels fol-
lowing hCG stimulation in men with idiopathic oligozoospermia
and raised FSH levels. Int J. Androl. 17(4), 192–198 (1994)

24. V.A. Giagulli, A. Vermeulen, Leydig cell function in infertile men
with idiopathic oligospermic infertility. J. Clin. Endocrinol.
Metab. 66(1), 62–67 (1988)

25. R. Stanwell-Smith et al. Plasma concentrations of pituitary and
testicular hormones of fertile and infertile men. Clin. Reprod.
Fertil. 3(1), 37–48 (1985)

26. P. Bolufer et al. Basal prolactin and the behaviour of the gona-
dotrophins, testosterone, androstenedione, estradiol, and the sex-
hormone-binding globulin during stimulation with clomiphene in
subjects with spermatogenic disorders. Exp. Clin. Endocrinol.
86(2), 197–206 (1985)

27. A.M. Andersson et al. Impaired Leydig cell function in infertile
men: a study of 357 idiopathic infertile men and 318 proven fertile
controls. J. Clin. Endocrinol. Metab. 89(7), 3161–3167 (2004)

28. S.R. Babu et al. Evaluation of FSH, LH and testosterone levels in
different subgroups of infertile males. Indian J. Clin. Biochem
19(1), 45–49 (2004)

29. C.P. Pavlovich et al. Evidence of a treatable endocrinopathy in
infertile men. J. Urol. 165(3), 837–841 (2001)

30. A. Mifsud et al. Prostate-specific antigen, testosterone, sex-
hormone binding globulin and androgen receptor CAG repeat
polymorphisms in subfertile and normal men. Mol. Hum. Reprod.
7(11), 1007–1013 (2001)

31. J. Bobjer et al. High prevalence of hypogonadism and associated
impaired metabolic and bone mineral status in subfertile men.
Clin. Endocrinol. 85(2), 189–195 (2016)

32. G. Rastrelli et al. The physician’s gender influences the results of
the diagnostic workup for erectile dysfunction. Andrology 8(3),
671–679 (2020)

33. M. Romeo, et al. Follicle-stimulating hormone effectiveness in
male idiopathic infertility: what happens in daily practice?
Andrology 11(3), 478–488 (2023).

34. S. Bhasin et al. Testosterone therapy in men with hypogonadism:
an endocrine society clinical practice guideline. J. Clin. Endocri-
nol. Metab. 103(5), 1715–1744 (2018)

35. G.M. Colpi et al. European Academy of Andrology guideline
Management of oligo-astheno-teratozoospermia. Andrology 6(4),
513–524 (2018)

36. G. Spaggiari et al. Prolactin and spermatogenesis: new lights on
the interplay between prolactin and sperm parameters. Endocrine
81(2), 330–339 (2023)

37. F. Boitrelle et al. The sixth edition of the WHO manual for human
semen analysis: a critical review and SWOT analysis. Life (Basel)
11(12), 1368. (2021)

38. G. Rastrelli, G. Corona, M. Maggi, Both comorbidity burden and
low testosterone can explain symptoms and signs of testosterone

766 Endocrine (2024) 84:757–767

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


deficiency in men consulting for sexual dysfunction. Asian J.
Androl. 22(3), 265–273 (2020)

39. M. Von Korff, E.H. Wagner, K. Saunders, A chronic disease score
from automated pharmacy data. J. Clin. Epidemiol. 45(2),
197–203 (1992)

40. T.J. Kim, K.C. Koo, Testosterone to luteinizing hormone ratio as a
potential predictor of sperm retrieval in non-obstructive azoos-
permia patients. Yonsei Med. J. 64(7), 433–439 (2023)

41. G. Corona et al. European Academy of Andrology (EAA)
guidelines on investigation, treatment and monitoring of func-
tional hypogonadism in males: Endorsing organization: European
Society of Endocrinology. Andrology 8(5), 970–987 (2020)

42. A. Salonia et al. European Association of Urology guidelines on
sexual and reproductive health-2021 update: male sexual dys-
function. Eur. Urol. 80(3), 333–357 (2021)

43. A. Morgentaler et al. Diagnosis and treatment of testosterone
deficiency: updated recommendations from the lisbon 2018
international consultation for sexual medicine. Sex. Med. Rev.
7(4), 636–649 (2019)

44. F. Zegers-Hochschild et al. The international glossary on infertility
and fertility care, 2017. Hum. Reprod. 32(9), 1786–1801 (2017)

45. G. Rastrelli et al. Factors affecting spermatogenesis upon
gonadotropin-replacement therapy: A meta-analytic study.
Andrology 2(6), 794–808 (2014)

46. B.O. Sahib et al. Management outcomes in males with hypogo-
nadotropic hypogonadism treated with gonadotropins. Cureus
15(2), e35601 (2023)

47. H.S. Lee, Y.S. Shim, J.S. Hwang, Treatment of congenital
hypogonadotropic hypogonadism in male patients. Ann. Pediatr.
Endocrinol. Metab. 27(3), 176–182 (2022)

48. S.C. Esteves et al. Male infertility and gonadotropin treatment:
what can we learn from real-world data? Best. Pract. Res. Clin.
Obstet. Gynaecol. 86, 102310 (2023)

49. L. Casarini et al. Two hormones for one receptor: evolution,
biochemistry, actions, and pathophysiology of LH and hCG.
Endocr. Rev. 39(5), 549–592 (2018)

50. F. Guo et al. Role of treatment with human chorionic gonado-
tropin and clinical parameters on testicular sperm recovery with
microdissection testicular sperm extraction and intracytoplasmic
sperm injection outcomes in 184 Klinefelter syndrome patients.
Fertil. Steril. 114(5), 997–1005 (2020)

51. S. Mehmood et al. Microdissection testicular sperm extraction:
overall results and impact of preoperative testosterone level on
sperm retrieval rate in patients with nonobstructive azoospermia.
Urol. Ann. 11(3), 287–293 (2019)

52. http://www.agenziafarmaco.gov.it/it/content/nota-74 AIFA. Note
74. 2010; Available from

53. A. Marino et al. Algorithm-based individualization methodology
of the starting gonadotropin dose in IVF/ICSI and the freeze-all

strategy prevent OHSS equally in normal responders: a systematic
review and network meta-analysis of the evidence. J. Assist
Reprod. Genet 39(7), 1583–1601 (2022)

54. F.J. Broekmans, Individualization of FSH doses in assisted
reproduction: facts and fiction. Front Endocrinol. (Lausanne) 10,
181 (2019)

55. J.Y. Maher, M.S. Christianson, Controlled ovarian stimulation and
triggers in in vitro fertilization: protocol personalization key to
optimize outcomes. Minerva Endocrinol. 43(1), 37–49 (2018)

56. D. Santi, A.R. Granata, M. Simoni, Follicle-stimulating hormone
treatment of male idiopathic infertility improves pregnancy rate: a
meta-analysis. Endocr. Connect. 4(3), R46–R58 (2015)

57. J.P. Bercovici et al. Leydig cell tumor with gynecomastia: further
studies-the recovery after unilateral orchidectomy. J. Clin. Endo-
crinol. Metab. 61(5), 957–962 (1985)

58. J.L. Brown et al. Increased bioactivity of serum follicle-
stimulating hormone, but not luteinizing hormone, following
hemicastration in ram lambs. Biol. Reprod. 43(4), 548–553 (1990)

59. G.R. Cunningham et al. Mechanisms for the testicular hyper-
trophy which follows hemicastration. Endocrinology 102(1),
16–23 (1978)

60. L. Johnson, W.B. Neaves, Enhanced daily sperm production in the
remaining testis of aged rats following hemicastration. J. Androl.
4(2), 162–166 (1983)

61. S. Ramaswamy et al. Dynamics of the follicle-stimulating hor-
mone (FSH)-inhibin B feedback loop and its role in regulating
spermatogenesis in the adult male rhesus monkey (Macaca
mulatta) as revealed by unilateral orchidectomy. Endocrinology
141(1), 18–27 (2000)

62. P. Dahlqvist et al. Testicular enlargement in a patient with a FSH-
secreting pituitary adenoma. Endocrine 37(2), 289–293 (2010)

63. P. Casas-Gonzalez et al. Normal testicular function without
detectable follicle-stimulating hormone. A novel mutation in the
follicle-stimulating hormone receptor gene leading to apparent
constitutive activity and impaired agonist-induced desensitization
and internalization. Mol. Cell Endocrinol. 364(1-2), 71–82 (2012)

64. J. Gromoll, M. Simoni, E. Nieschlag, An activating mutation of
the follicle-stimulating hormone receptor autonomously sustains
spermatogenesis in a hypophysectomized man. J. Clin. Endocri-
nol. Metab. 81(4), 1367–1370 (1996)

65. M. Lispi et al. Testosterone serum levels are related to sperm
DNA fragmentation index reduction after FSH administration in
males with idiopathic infertility. Biomedicines 10(10), 2599
(2022)

66. S.C. Esteves et al. APHRODITE criteria: Addressing male
patients with hypogonadism and/or infertility owing to altered
idiopathic testicular function. Reprod. BioMed. Online 103647
(2023).

Endocrine (2024) 84:757–767 767

http://www.agenziafarmaco.gov.it/it/content/nota-74

	Are they functional hypogonadal men? Testosterone serum levels unravel male idiopathic infertility subgroups
	Abstract
	Introduction
	Materials and methods
	Study�design
	Data collected
	Ethical
	Statistical analysis

	Results
	Case-control comparison
	Total testosterone serum levels distribution
	Subgrouping analyses

	Discussion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




