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Abstract
Purpose The present prediction model was intended to verify whether serum FSH level could be predictive of testis histology in
patients with non-obstructive azoospermia (NOA).
Methods We evaluated two datasets of patients with NOA: the first (San Paolo dataset) comprising 558 patients, 18–63 years old,
the second (Procrea dataset) composed by 143 patients, 26–62 years old; bot datasets were combined to obtain a validation set.
Multinomial logistic regressionwas first run with serum FSH and testis volume as independent predictors of testis histology, then,
the correctly classified histological subcategories were set as outcome variables of a prediction model in both development and
validation sets.
Results Multinomial logistic regression showed that FSH was a significant predictor of testis histology in 58% of cases, although
it was unable to correctly classify cases with focal SCO or maturation arrest (MA). A prediction model was then run with
hypospermatogenesis (HYPO) and Sertoli-only syndrome (SCO) as outcome variables of a binary logistic regression. FSH
significantly predicted both HYPO and SCO, with a sensitivity of 40.9 and 80.7 and a specificity of 84.3 and 46.8 respectively.
The model showed a fair discriminative ability (ROC AUC 0.705 and 0.709 respectively) and was adequately calibrated.
Conclusions Supported by a robust statistical analysis, we conclude that serum FSH level cannot be considered a prognostic
marker of spermatogenic dysfunction in patients with NOA
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Introduction

Serum follicle-stimulating hormone (FSH) level is considered
to be clinically useful in the diagnostic evaluation of the in-
fertile men. Since FSH secretion is regulated by a complex
interplay between feedback and feedforward inputs within the
hypothalamic-pituitary-gonadal axis, the resulting serum
levels are expected to reflect both the pituitary and testicular
function in physiological and pathological conditions. Indeed,
fertile men display significantly lower FSH serum levels
compared to infertile men; however, a normal or near-
normal serum FSH concentration does not always guarantee
normal spermatogenesis [1].

Elevated serum FSH levels are usually found in patients
with non-obstructive azoospermia (NOA), but a linear rela-
tionship between increasing FSH levels and the degree of
spermatogenesis dysfunction has not been demonstrated.
There is a consensus that a serum FSH level higher than 7.5
mIU/ml is indicative of spermatogenesis dysfunction [1, 2],
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however, azoospermic patients with very high serum FSH
levels may harbor isolated areas of spermatogenesis integrity
[3]; indeed, studies have demonstrated that FSH levels are
poorly predictive (AUC 0.6) of the chance of retrieving testic-
ular sperm in these patients [4]. Sperm retrieval, however, may
be affected by a number of confoundings, including the sur-
geon skill and experience and the time and attention dedicated
to the search for sperm in the testicular specimens; still, suc-
cessful sperm retrieval (SSR) is a nearly unpredictable event,
particularly in the microTESE setting.

A question that remains to be answered is to what extent
serum FSH level is related to spermatogenesis in patients with
NOA. Since testis histology has been found to be a reliable
marker of spermatogenesis, few previous studies have been
sought to determine the relationship between serum FSH level
and testis histology, but unfortunately, they provided conflict-
ing results mostly due to their small sample size [5, 6].

In the present study, we have built a prediction model with
validation and redevelopment in order to evaluate whether
serum FSH level could be predictive of testis histology and,
therefore, of spermatogenesis in patients with NOA.

Materials and methods

Study population

We retrospectively evaluated two datasets of patients: the first
(San Paolo dataset) comprising 558 patients, 18–63 years old,
with non-obstructive azoospermia who referred to Andro-
Urology and IVF Unit, San Paolo Hospital, Milan, Italy, to
undergo surgery aimed at retrieving testicular sperm with ei-
ther TESE or microTESE and the second composed of 143
patients with NOA, 26–62 years old, referred to the
Andrology Unit, Procrea Institute Lugano, Switzerland, to
undergo microTESE. Both cohorts had been previously eval-
uated: San Paolo cohort had been evaluated in a retrospective
cohort study [7] and in a diagnostic accuracy study aiming at
individuating possible predictors of sperm retrieval success
[8], while Procrea cohort had been utilized for a diagnostic
accuracy study aiming at determining predictive factors of
seminiferous tubules caliber [9]. Both datasets contained de-
identified, non-coded data.

The two cohorts of patients had been evaluated by the same
urologist, who also had performed all the surgical procedures.
The criteria for the diagnosis of NOAwere the same as those
applied in previous studies. Briefly, patients were defined to
have NOA if semen analysis showed azoospermia without
spermatozoa in the pellet, ejaculate volume and pH were
higher than 1 mL and 7.2, respectively, and no sign of obstruc-
tion of the seminal tract was detected on physical examination,
scrotal and/or transrectal ultrasound, when applicable.
Exclusion criteria were obstructive azoospermia, history of

testicular torsion, mumps, or bacterial orchitis. In order to
render the two cohorts homogenous for testis histology pat-
terns, six patients from the Procrea dataset, two with testicular
cancer and four with complete hyalinosis (histology patterns
not included in San Paolo dataset), were excluded from the
present analysis.

FSH serum level and testicular volume (measured by ultra-
sound) values were available for all the included patients.
Testis volume was tested as candidate predictor in the multi-
nomial logistic regression, but since it was not found to be
predictive of testis histology (see below), it was not included
in the prediction model.

Testis histology

All the histopathology specimens from both datasets had been
examined by a single experienced pathologist (GG). Patients
undergoing cTESE had a fragment of subcapsular parenchy-
ma removed soon after the incision of the albuginea, while in
patients undergoing microTESE a random biopsy sample rep-
resentative of the overall appearance of the testicular paren-
chyma was taken. In both cases, fragments were fixed in
Bouin’s solution and sent to the pathologist. Histological anal-
ysis was conducted by examining at least 100 different tubule
sections. The histopathological results were defined as: (i)
Sertoli cell-only syndrome (SCO) when the seminiferous tu-
bules were exclusively populated by Sertoli cells; (ii) focal
SCO when tubules with SCO were interspersed with rare tu-
bule containing germ cells; (iii) maturation arrest (MA), char-
acterized with a complete arrest of the spermatogenetic matu-
ration sequence at spermatogonia/spermatocytes level; (iv)
hypospermatogenesis (HYPO), when all stages of spermato-
genesis were present but reduced to a varying degree.

IRB approval

This is a secondary analysis of already published data. For
both datasets, local IRB approval for the retrospective analysis
of de-identified data had been obtained before conducting the
original research. The present study was performed on de-
identified, non-coded data.

Statistical analysis

The comparison of data as stratified according to testis histol-
ogy was evaluated by non-parametric statistical tests (two-
tailed Mann-Whitney U test, Chi-square test or Kruskal-
Wallis test as appropriate) since the variables were not nor-
mally distributed according to one-sample Kolmogorov–
Smirnov test.

San Paolo set was used to run a multinomial logistic regres-
sion with testis histology as dependent categorical variable
with 3 degrees of freedom, in order to verify whether FSH
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and testis volume could be used as covariate/predictors in a
prediction model. Once the required assumptions were
checked (assumption of linearity was confirmed by the Box-
Tidwell test and multicollinearity was excluded by running a
linear regression with multicollinearity diagnostic test), we
looked at the correct predictions and selected SCO and
HYPO as the two more representative categories (see
Results for details). We then created two one-versus-all dum-
my binary classifiers, DHYPO and DSCO, in order to run
binary logistic regression, compute sensitivity and specificity,
and quantify the predictive ability of each model.

Model building

Data from San Paolo dataset (development set) were used for
building a model to compute the probability to detect HYPO
or SCO on the basis of serum FSH level in patients with NOA.
The dependent/outcome variables were the two dummy bina-
ry variables DHYPO and DSCO, where any observation of
HYPO or SCO, respectively, was coded as 1, while the others
were coded as 0.

The assumption of the linear relationship between the pre-
dictor (continuous) and its log odds was verified by the Box-
Tidwel l tes t ; then, the predic tor was tes ted for
multicollinearity. No missing data were found. Three outliers
were detected by visual inspection of box plots and by com-
puting the Cox distance but, since they did not affect the
results and were judged to be Breal life^ values, we did not
remove them from the dataset.

Probability was set as p < 0.5 for entry and p > 0.1 for
removal. Decision threshold was left as 0.5 for DSCO model,
while for the DHYPO model, due to imbalanced dataset, the
threshold set arbitrarily at 0.5 returned a classification matrix
with 0 true positive and 0 false positive. This typically occurs
with imbalanced data: when most of the observations are in
one class, the model always predicts that every case belongs to
that class in order to achieve high accuracy (the accuracy
paradox). We then modeled four additional logistic regres-
sions with reduced classification threshold (0.4 to 0.1) to in-
dividuate the model with the highest Matthews Correlation
Coefficient (MCC), which is a measure of the quality of bina-
ry classification that takes into account true and false positives
and negatives. The model with the threshold being set at 0.3
performed best in terms of MCC both in development and in
redevelopment set. In the model with SCO as dependent var-
iable, the Box-Tidwell test revealed a non-linear relationship
between the predictor (FSH) and the logit of the outcome,
therefore we transformed FSH to better fit the data using a
polynomial FSH+FSH2 + FSH3.

For model internal validation, we focused on discrimina-
tion and calibration. Discrimination (ability of the model to
distinguish between cases with and without the outcome) was
assessed by area under curve (AUC) estimates derived from

receiving operator characteristic (ROC) curve; AUC less than
0.60 reflects poor discrimination, 0.60 to 0.75 possibly helpful
discrimination, more than 0.75 clearly useful discrimination
[10]. Calibration (correspondence between the predicted and
observed probabilities) was assessed by the Hosmer and
Lemeshow test and visually by comparing predicted probabil-
ities and observed probabilities based on the covariate (FSH)
expressed as deciles.

Model validation and redevelopment

Data from Procrea dataset were checked to be used for exter-
nal validation. Since the sample size was not large enough, we
combined this dataset with San Paolo dataset and a new pre-
diction model was developed on the combined data set with
the same outcome variables DHYPO and DSCO. The
resulting models can be considered validation and model re-
development according to the TRIPOD statements [11].
Outliers were managed as for the development set. There were
only two missing data that were managed with pairwise
deletion.

For model redevelopment, once the assumptions were ver-
ified, we used the same criteria of model development (e.g.
decision threshold). For model validation, discrimination was
assessed by AUC estimates derived from ROC curve; while
calibration was assessed by the Hosmer and Lemeshow test
and visually by comparing the predicted probabilities as ob-
tained from the development set with the observed probabili-
ties computed on the validation set.

Sample size

The minimum sample size required for the analysis was de-
termined according to the rule of 10 events per predictor
(EPV). Binary logistic regression with HYPO as outcome/
dependent variable required a minimum sample size of 110
patients, as the smaller of the number of subjects who experi-
enced or did not experience the outcome was 110 and the
number of candidate predictors was 1; binary logistic regres-
sion with SCO as outcome/dependent variable required a min-
imum sample size of 257 patients, given 257 the smaller num-
ber of patients who experienced or did not experience the
outcome and 1 the number of candidate predictors.

All computations were performed using IBM SPSS for
Windows (Chicago, IL, USA) and by STATA StataCorp
LLC, (College Station, TX, USA).

Results

The basal characteristics of patients from the two datasets are
displayed in Table 1. Both datasets were comparable for all
studied parameters. SCO was the most frequent histological
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pattern in patients with NOA. The comparison of FSH and
testis volume as stratified according to testis histology is
displayed in Table 2. FSH level was significantly higher and
testis volume was significantly lower in patients with SCO or
FSCO compared with those with MA or HYPO (p < 0.0001),
while no difference was observed between patients with SCO
and FSCO as well as between those with MA and HYPO in
both datasets (subgroups analysis by two-sided Mann-
Whitney U test, Table 2)

Multinomial logistic regression

Amultinomial logistic regression was performed to model the
relationship between the predictors and membership in the
four subgroup of testis histology patterns (SCO, FSCO, MA,
HYPO) (Fig. 1). The traditional α < 0.05 criterion of statistical
significance was employed for all tests. Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC)
estimated that the model fitted values were close to the true
expected values (AIC 1215.558, BIC 1254.47, − 2 Log
Likelihood 1197.558). Addition of the predictor to a model
that contained only the intercept significantly improved the fit
between model and data, χ2 (6) = 107.298, p < 0.0001.

Significant unique contributions were made by FSH only
(Supplementary Table 1). This was confirmed by the likeli-
hood ratio test, which showed that the variable has a signifi-
cant overall effect on the outcome (− 2 Log Likelihood of
Reduced Model: intercept 1203.61, FSH 1271.29, testis vol-
ume 1201.95; Chi-square: intercept 6053, p = 0.109, FSH
73.737, p < 0.0001, testis volume 4392, p = 0.222). The lo-
gistic model resulted in 58.2% correct prediction. Correct pre-
dictions were more frequent for SCO (95%) than for HYPO
(35.5%), while 0% correct prediction was obtained for FSCO
and MA (Supplementary Table 4).

Model development

The results of the two models for the prediction of HYPO or
SCO in both model development and redevelopment are sum-
marized in Fig. 2 and Supplementary Table 2. According to
the results of the binary logistic regression, FSH level signif-
icantly predicted the HYPO pattern (odds ratio 0.933, 95% CI
0.912–0.955) with a sensitivity of 40.9% and a specificity of
84.3%, PPV 39.1, NPV 85.3, positive likelihood ratio (LR+)
2.62, negative LR (LR−) 0.7 Accuracy was not taken into
account, not being an adequate metric when imbalanced set
are evaluated. The resulting prediction equation is the follow-
ing: Log (HYPO) = − 0.199–0.069 FSH. The mean observed
probability of detecting HYPO in patients with NOA was
19.7%, with a minimum of 3 and a maximum of 46%; the
predictive probabilities were similar (mean 19.7%, range
0.01–44%; Supplementary Table 3); the probabilities of find-
ing HYPO decreased with increased FSH levels. The model
had a possibly helpful discriminative capacity (AUC 0.705)
and showed a good internal calibration (Hosmer and
Lemeshow test: Chi-square 11.087, df 8, p = 0.197).

In the model with SCO as dependent variable, FSH level
significantly predicted the SCO pattern (odds ratio 1303,
95%CI 1139–1490) with a diagnostic accuracy 68.5%, sensi-
tivity of 80.7% and specificity of 54%, PPV 67.3, NPV 70.5,
LR+ 1.76, LR− 0.36. The resulting prediction equation is the
following: Log(SCO) = − 2.424 + 0.265 FSH − 0.007 squared

Table 2 FSH and testis volume values as stratified according to testis histology in the development and validation sets

SCO FSCO MA HYPO

Development set FSH# (mIU/ml) 23.3 (18) [1.10–127]1 19.8 (17.7) [4.3–47.1]1 9.5 (13.08) [0.6–45.1) 12.1 (12.5) [2.4–56]

Testis volume# (ml) 6.4 (3.57) [09–21.3]1 7.3 (4.4) [1.8–15]2 9.4 (5.4) [1.4–18] 8 (5.05) [2.16–20]

Validation set FSH# (mIU/ml) 22.7 (15.8) [1.1–127]1 21 (17.7) [4.3–47.1]1 9.6 (12.6) [0.6–45.1] 12.5 (12.6) [1.8–56]

Testis volume# (ml) 6.9 (3.9) [0.9–21.3]1 7.3 (4.4) [1.8–15]2 9 (5.5) [1.4–18] 8 (4.7) [2.16–20]

Data are expressed as median (IQR) with range in squared brackets, or as count with percentages in parentheses
# Kruskal-Wallis test, p < 0.0001

Subgroup analysis by two-sided Mann-Whitney U test
1 p < 0.0001 vs MA and HYPO
2 p < 0.01 vs MA and HYPO

Table 1 Baseline characteristics of patients with NOA in the two
datasets

Development set Validation set

N, subjects 558 695

FSH (mIU/ml) 18.6 (17.1) [0.6–127] 19.1 (15.6) [0.6–127]

Testis volume (ml) 7.2 (5) [0.9–21.3] 7.3 (5) [0.9–21.3]

Testis histology patterns

Sertoly-only syndrome 301 (53.9%) 389 (56%)

Focal SCO 75 (13.4%) 83 (11.9%)

Maturative arrest 72 (12.9%) 88 (12.7%)

Hypospermatogenesis 110 (19.7%) 135 (19.4%)

Data are expressed as median (IQR) with range in squared brackets, or as
count with percentages in parentheses
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Fig. 2 Binary logistic regression plots. aDevelopment set with HYPO as
outcome variable. b Validation/redevelopment set with HYPO as out-
come variable. c Development set with SCO as outcome variable. d
Validation/redevelopment set with SCO as outcome variable. X axis

displays the lowest limits of FSH deciles; FSH deciles ranges are
displayed in Supplementary Table 3. Adjusted predictions are displayed
with 95% CI

Fig. 1 Multinomial logistic
regression with testis histology as
dependent categorical variable
with 3 degrees of freedom, and
FSH as independent continuous
covariate. Adjusted predictions
are displayed with 95% CI
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FSH + 0 cubic FSH. The mean calculated probability of de-
tecting SCO in patients with NOA was 53.9%, with a mini-
mum of 18 and a maximum of 79%; the predictive probabil-
i t ies were similar (mean 53.9%, range 9–100%;
Supplementary Table 3); the probabilities of finding SCO in-
creased with increased FSH levels. The model had a possibly
helpful discriminative capacity in the development set (AUC
0.709) and showed a good internal calibration (Hosmer and
Lemeshow test: Chi-square 9322, df 8, p = 0.316). Calibration
plots for both HYPO and SCO as outcome variable are
displayed in Fig. 3

Validation and model redevelopment

The calculated probabilities of both HYPO and SCO were
similar to those of the development model (mean 19.4%,
range 0–46% and 55.9%, range 0–81% for HYPO and SCO
respectively; Table 5). Both models had a possibly helpful

discriminative capacity (0.69 and 0.702 for HYPO and SCO
respectively) and were well calibrated according to Hosmer
and Lemeshow test (Chi-square 10.302, p = 0.244 and 12.427,
p = 0.133 for HYPO and SCO respectively). Calibration plots
are displayed in Fig. 3

The model redevelopment confirmed that FSH predicts
HYPO with a sensitivity of 38.55 and specificity of 85.5%
(Log(HYPO) = − 0.208 − 0.068 FSH), and SCO with a sen-
sitivity of 84.32%, specificity 46.8%, accuracy 67.9
(Log(SCO) = − 2.507 + 0.290 FSH − 0.008 squared FSH +
o cubic FSH).

Discussion

The present study demonstrates the limited ability of serum
FSH in predicting the severity of spermatogenesis impairment
in patients with NOA. As demonstrated by multinomial

Fig. 3 Relationship between observed and predicted probabilities based
on predictor (FSH) deciles. a Development set with HYPO as outcome
variable. b Validation set with HYPO as outcome variable. c
Development set with SCO as outcome variable. d Validation set with
SCO as outcome variable. X axis displays the lowest limits of FSH

deciles; FSH deciles ranges are displayed in Supplementary Table 3.
Adjusted predictions are displayed with 95% CI. Since the relationship
between observed and predicted probabilities with SCO as outcome var-
iable was not linear, Lowess curve fitting was used
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logistic regression analysis performed on San Paolo dataset,
FSH could correctly classify the histopathological patterns in
only 58% of cases; relevantly, FSH was not able to discrimi-
nate between cases with SCO and FSCO, as well as between
those with MA and HYPO.

Following the results of the multinomial logistic regression
analysis demonstrating that FSH was a significant predictor of
HYPO and SCO, we built a prediction model to evaluate to
what extent serum FSH level could predict these two histo-
logical patterns, which have been associated with the highest
and lowest chances of successful sperm retrieval respectively
[12]. According to the prediction equation, the relationship
between FSH and HYPO was negative, so the probability of
finding this histopathological pattern decreases with the in-
crease of FSH value. This was confirmed by the diagnostic
accuracy measures: the sensitivity of 40.9 and a specificity of
84.3 imply that FSH can be better used, although to a certain
extent, to exclude HYPO rather than to predict it. Conversely,
increased FSH levels were associated with increased probabil-
ity of finding SCO (sensitivity 80.7%); yet, lower FSH levels
were relatively unable to correctly exclude it (specificity
54%).

Taken together, these results suggest that the severity of
spermatogenesis dysfunction in men with NOA cannot be
fully predicted by FSH levels. Such a finding is not diffi-
cult to explain. It has been classically demonstrated that
FSH level correlates with the number of spermatogonia
and, to a lesser extent, primary spermatocytes [13]; indeed,
treatment with testosterone or 17 beta estradiol benzoate,
which reduces the number of germ cells, led to a conse-
quent significant rise in serum FSH levels in a rat model
[14]. It is reasonable to expect, therefore, that patients that
harbor focal areas of intact or less severely compromised
spermatogenesis surrounded by tubules with complete
SCO would display serum FSH levels that are indistin-
guishable from those with complete SCO syndrome, given
that the overall number of spermatogonia is expected to be
very small in both cases; similarly, the presence of a com-
parable number of spermatogonia in patients with MA and
HYPO may justify the finding of similar serum FSH levels
in both histotypes. Other factors that, to a lesser extent,
may explain the variability of FSH levels in NOA patients
include age [15, 16] and single nucleotide polymorphisms
(SNPs) of FSH β subunit (FSHB) and FSH receptor, that
may be associated with reduced FSH levels due to de-
creased FSHB promoter activity [17] and with increased
FSH levels due to reduced FSH signal transduction [18]
respectively.

Unfortunately, we could not adjust the data for the age of
patients, as we used two datasets with de-identified data that
did not fully provide the age of all patients. This, together with
the retrospective design, represents a limitation of the present
study.

In conclusion, the results of the present study suggest that
FSH is unable to fully predict the histopathological patterns in
patients with NOA; as a consequence, serum FSH level, while
having been demonstrated to be of help for the differential
diagnosis of NOA, cannot be used as prognostic markers of
the severity of spermatogenesis dysfunction in these patients.
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