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Abstract
Azoospermia is a condition that affects the reproductive health of approximately 1% of
the male population, typically diagnosed through testicular biopsy. Noninvasive serum
markers can play a significant role in the diagnosis of azoospermia diagnosis. This
study aims at evaluating the predictive value of serum sex hormone levels to improve
the outcome of sperm extraction in azoospermia patients. The data from 203 patients
with azoospermia from the Urology and Reproductive Andrology Department of Peking
University, Shenzhen Hospital, between January 2017 and March 2022. The cases
were divided into the sperm extraction group (95 cases) and the non-sperm extraction
group (108 cases), based on pathology results. The levels of serum follicle-stimulating
hormone (FSH), luteinizing hormone (LH), testosterone (T), and inhibin B (INHB) were
collected and their predictive effect on the outcome of sperm extraction by testicular
sperm aspiration was discussed using statistical analysis. The levels of FSH and LH
were lower in the sperm extraction group were lower compared to those in the non-sperm
extraction group, while the levels of T and INHB were higher in the sperm extraction
group than those in the non-sperm extraction group. These differences were statistically
significant (p < 0.05). Receiver Operating Characteristic-Area Under the Curve (ROC-
AUC) of INHB was 0.950, ROC-AUC of FSH was 0.893, ROC-AUC of LH was 0.78,
and that of testosterone was 0.593. The best predictive point of INHB was 94.30 pg/mL,
and that of FSH was 10.95 IU/L, calculated by the Youden index. The levels of four
serum sex hormones were significantly different between the sperm extraction group
and the non-sperm extraction group. The findings suggest that FSH and inhibin B are the
ideal serum predictors of the outcome of sperm extraction by testicular sperm aspiration.
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1. Introduction

Azoospermia is a challenging type of male infertility that
accounts for approximately 10%–20% of male infertility cases
[1, 2]. The etiology of azoospermia includes multiple causes,
including pre-testicular factors such as sex hormone abnormal-
ities [3, 4], abnormal testicular function [5, 6], and retrotestic-
ular obstructive factors [7, 8]. Testicular factors include con-
genital (karyotype abnormality like 47XXY, 45X, anorchia,
cryptorchidism, Y-chromosome microdeletion, mosaicism and
other genetic abnormalities), germ cell hypoplasia (Sertoli cell-
only syndrome), and arrested maturation. Acquired causes
of testes include bacterial or viral infection (i.e., mumps or-
chitis and Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) viral) [9, 10], trauma and operation, tumors
and chemotherapy and radiation therapy, alcohol and drug use,
and varicocele [11]. In recent years, assisted reproductive
technology (ART) combined with testicular sperm aspiration
(TESA) or microscope testicular sperm extraction (Micro-

TESE) has significantly improved fertility opportunities for
azoospermic patients [12, 13]. The differential diagnosis of
obstructive azoospermia (OA) and non-obstructive azoosper-
mia (NOA) is critical for operating sperm retrieval. Micro-
TESE exhibits an overall success rate of approximately 50%
[14], and remains the most favorite treatment for NOA pa-
tients. Testicular biopsy is the classic diagnostic procedure
to verify the spermatogenicity and pathological type of testis
[13, 15]. However, the procedure can also cause hematoma
and inflammation to the remaining spermatogenic ducts and
aggravates the stress and psychological burden of patients [16].
Sex hormones, including follicle-stimulating hormone

(FSH), luteinizing hormone (LH), testosterone (T), and inhibin
B (INHB), are reliable indicators of the endocrine function
from the hypothalamus-pituitary-testis axis. Therefore,
FSH, LH, T and INHB can be applied in the analysis of the
functional state of the testicular germ cells. These hormones
are considered ideal serum markers for predicting testicular
spermatogenic function and the sperm acquisition rate of
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testicular biopsy [17]. This study aimed at retrospectively
analyzing the predictive potency and significance of these
sex hormone indicators (FSH, LH, T and INHB) for the
assessment of testicular spermatogenic function and the
diagnosis of the patients of azoospermia.

2. Materials and methods

2.1 Patients
Data was collected from patients with azoospermia patients
who underwent testicular biopsy in the Department of Urol-
ogy and Reproductive Center, Peking University Shenzhen
Hospital, from January 2017 to March 2022. The inclusion
criteria included: (1) Microscopic examination without sperm
after 3 consecutive semen centrifugations and (2) Requirement
for birth. Meanwhile, the exclusion criteria were (1) Cryp-
torchidism, (2) Genital and urinary tract infections or severe
trauma, (3) Non-ejaculation/retrograde ejaculation, (4) The
presence of any karyotype abnormality, such as Y chromosome
microdeletions, 47XXY, 45X, and any mosaicism (5) Parotidi-
tis history or Varicocele and (6) The occurrence of any tumor
history, drug and chemotherapy history and radiation therapy
history.
A total of 203 patients with azoospermia, aged between 19–

53 years, with an average age of 30.02 ± 4.97 years, were
included in the study. The cases were divided into the sperm
acquisition group (95 cases) and the sperm loss group (108
cases) based on testicular biopsy pathology. The average age
of the sperm acquisition group was 31.22 ± 5.69 years, while
that of the sperm loss group was 30.97 ± 4.94 years. The two
groups had no significant difference in age between the two
groups (p> 0.05) (Table 1). The body mass index (BMI) score
of the sperm acquisition group was 23.22± 2.25, while that of
the sperm loss group was 24.18 ± 3.04. The two groups had
no significant difference in BMI score (p > 0.05) (Table 1).

2.2 Method
The levels of FSH, LH, T, Estradiol (E) and INHB in the
morning serum of the patients was measured using Enzyme
linked immunosorbent assay. Testicular biopsies were per-
formed on the volumetrically dominant testis using routine
disinfection and local anesthesia. A 20 mL syringe was used
for the puncture under negative pressure to extract testicular
tissue of approximately 5 mm × 5 mm, and a pathological
examination was performed after Bouin’s fluid fixation.

2.3 Data analysis
The data was collected and analyzed using SPSS 28.0 (IBM
Corp, Armonk, NY, USA). The normality of the data dis-
tribution was analyzed using the Kolmogorov-Smirnov test
for normality preceding statistical analysis. The data con-
forming to the normal distribution were presented as mean
± standard deviation, while non-normally distributed data
(not conforming to the normal distribution) was presented as
Median (P25, P75). The mean parameters of two groups
conforming to the normal distribution were compared by t-test
and the median parameters of two groups not conforming to
the normal distribution were compared by Mann-Whitney U-
test, at test levelα = 0.05. The receiver operating characteristic
(ROC) curve was used to evaluate the reliability of candidate
indicators as diagnosis biomarkers. The area under the curve
(AUC)was used to evaluate the diagnostic and predictive value
of relevant indicators. The cut-off value was determined using
the Young Index Method.

3. Result

3.1 Comparison of sex hormone indicators
in two groups of patients
The levels of FSH and LH levels in the sperm acquisition group
were significantly lower than those in the sperm loss group,
while the levels of T and INHB levels were significantly higher
than those in the sperm loss group, with statistical significance
(p < 0.05). There was no significant difference in serum E
levels between the two groups (p = 0.114) (Table 1).

3.2 ROC curve of sex hormone indicators
predicting TESA outcome
The ROC curve was plotted using serum FSH, LH, T and
INHB levels to predict the outcome of TESA using SPSS28.0
(Figs. 1,2). The ROC-AUC values for INHB, FSH, LH and
testosterone were 0.950, 0.893, 0.78 and 0.593, respectively.
The Youden index method was used to determine the best
predictive values of INHB and FSH, which were 94.30 pg/mL
and 10.95 IU/L, respectively (Table 2).

4. Discussion

Sex hormone detection has recently becomewidely adopted for
the estimation ofmale reproductive function due to advances in
laboratory technology. The noninvasive nature of the approach

TABLE 1. Comparison of sex hormone indicators in two groups of patients.
Group Case Age FSH (IU/L) LH (IU/L) T (ng/mL) INHB (pg/mL) E (pg/mL)

Sperm Acquisition
Group

95 31.22 ± 5.69 6.90
(4.50, 10.80)

4.22
(2.60, 6.21) 4.02 ± 1.70 124.05

(90.57, 165.03) 30.41 ± 7.10

Sperm Loss Group 108 30.97 ± 4.94 21.35
(15.84, 27.75)

7.17
(5.74, 9.47) 3.38 ± 1.01 23.89

(11.75, 44.52) 28.24 ± 8.33

p-value 0.360* <0.001** <0.001** 0.002* <0.001** 0.114*
*: t-test; **: Mann-Whitney U-test; FSH: follicle-stimulating hormone; LH: luteinizing hormone; T: testosterone; INHB: inhibin
B; E: estradiol.
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FIGURE 1. ROC curves of serum FSH and LH illustrated to evaluate the predictive value as indicators of TESA
outcome. FSH: follicle stimulating hormone; LH: luteinizing hormone; T: testosterone; INHB: inhibin B.

FIGURE 2. ROC curves of serumTand INHB illustrated to evaluate the predictive value as indicators of TESAoutcome.
FSH: follicle stimulating hormone; LH: luteinizing hormone; T: testosterone; INHB: inhibin B.

TABLE 2. ROC curve of sex hormone indicators predicting TESA outcome.

ROC-AUC Best cut-off point Sensitivity Specificity

FSH 0.893 10.95 IU/L 91.7% 75.8%

LH 0.782 5.68 IU/L 77.9% 68.4%

T 0.593 3.79 ng/mL 68.2% 50.3%

INHB 0.950 94.30 pg/mL 76.9% 97.3%

FSH: follicle stimulating hormone; LH: luteinizing hormone; T: testosterone; INHB: inhibin B; ROC: receiver
operating characteristic; AUC: area under the curve.
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is particularly important in evaluating spermatogenic function
in azoospermia. Previous studies have shown that FSH was
involved in the differentiation and proliferation of all germ
cells and directly regulates spermatogenic function. The serum
FSH level can potentially affect the spermatogenic function
[18, 19] and hence applied for the prediction of the sperm
retrieval rate of TESA and Micro-TESE [20, 21]. The best
cut-point value of FSH can fluctuate significantly, with values
ranging from 5.52–13.31 IU/L across literature [18, 20–22].
The best cut-off point value of FSH in this study is 10.95 IU/L,
which is more consistent with most of the literature reports
[18, 20–22].
Inhibin B is a negative feedback hormone self-secreted

by Sertoli cells, with the potential of specifically reflecting
the spermatogenic function without interfering with by the
hypothalamus-pituitary-testis axis hormone. Moreover, recent
studies have reported Inhibin B as more suitable serum
sex hormone indicator to evaluate spermatogenic function
[23, 24]. The findings in this study showed that the serum
level of INHB had the highest ROC-AUC in predicting the
outcome of TESA sperm retrieval, which was consistent
with the conclusions reported in the related studies [23, 24].
The best cut-point of INHB for different sperm retrieval
procedures varies. Among them, the best cut-off points of
INHB for Micro-TESE are reported as 28.55 pg/mL [23]
and 40 pg/mL [25], and the best cut-off points for TESA
are reported as 67 pg/mL [22]. This latter study also used
TESA specimen research, and the best cut-off point value was
found around 94.30 pg/mL, with a specificity of 97.3%. The
aforementioned findings provide a significant amount of data
accumulation and a foundation for further research on the
diagnostic value of INHB.
However, the ROC-AUC of the LH and T was less than

0.8, and the specificity of ROC-AUC of testosterone was only
50.3%. The low ROC-AUC of LH and T suggest that these
two indicators cannot directly reflect the state of spermatogenic
function. The target regulatory cells of LH-T are Leydig
cells, that maintain the stability of the testicular spermatogenic
microenvironment, but do not directly affect on testicular sper-
matogenic cells. Therefore, LH-T indicators cannot be used as
predictors of the TESA sperm retrieval rate.

5. Conclusions

This study aimed at investigating the predictive value of sex
hormone levels in 203 azoospermic patients undergoing tes-
ticular sperm aspiration (TESA). The results indicated that
FSH and INHB had the best predictive value for the outcome
of TESA sperm acquisition. Although the findings from this
paper suggest relevant application of sex hormome levels in
the assessment of sperm extraction viability, some limitations
suggest the need for further investigations. These include
the small sample size and limited types of sperm retrieval
procedures. Therefore, future studies should consider col-
lecting more data, incorporating additional indicators such as
testicular volume, and expanding the range of sperm retrieval
procedures to further support for developing clinical prediction
models.
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