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Background. Aromatase inhibitors (AIs) can significantly improve semen parameters in infertile men. In this study, we
investigated the efficacy of AIs for azoospermia in a Chinese population with AZFc microdeletion. Aims. Patients with AZFc
microdeletion who were treated with AIs were analyzed retrospectively by collecting clinical data, including their hormone
profile and treatment outcome. Patients were divided into those with sperm in their semen after AI treatment (group A) and
those without sperm in their semen after AI treatment (group B). Results. The rate of Y chromosome AZF microdeletions was
9.30% (313/3364) from March 2015 to March 2021, among which patients with complete AZFc microdeletion accounted for
63.2% (198/313), and of the 198 patients with AZFc microdeletion, 69.7% (138/198) showed azoospermia. Forty-six (33.3%) of
the azoospermic patients had sperm in their semen after AI administration. Testosterone (T) and testosterone-to-estradiol ratio
(T/E2) levels were higher in group A than those in group B after treatment, and the differences were significant (T, P = 0:038;
T/E2, P = 0:004). Paired t-test demonstrated that the change of T levels before and after treatment was statistically significant
(P = 0:003). The increased E2 and T/E2 ratio levels before and after treatment were not statistically significant (P = 0:057 and
0.080), but they were close to the threshold value (P = 0:05). Conclusions. Patients with AZFc microdeletion accounted for the
largest proportion of male infertility caused by Y chromosome microdeletions. AIs can promote spermatogenesis in
azoospermic patients with AZFc microdeletion, and sperm could be found in the semen of some patients after AI
administration. T and T/E2 levels after AI treatment could be used as biomarkers to distinguish azoospermic patients with
AZFc microdeletion who responded better to AIs from those who did not respond well.

1. Introduction

Infertility affects approximately 15% of couples trying to
conceive worldwide, and half of the infertile cases resulted
from male factors [1]. Most infertile males are diagnosed
with spermatogenic failure [2]. Y chromosome microdele-
tions are the most common genetic etiology for spermato-
genic failure [3], accounting for 2%–10% in infertile males
with severe oligozoospermia (<5 million sperm/ml ejaculate)

or azoospermia [4, 5]. The azoospermia factor (AZF) regions
on the Y chromosome contain several genes that are essential
for spermatogenesis [2]. The most prevalent AZF deletion
type is the AZFc microdeletion (approximately 80%) [6].

Infertile men with AZFc microdeletion have clinical phe-
notypes that range from oligozoospermia to azoospermia.
Microdissection testicular sperm extraction (micro-TESE)
combined with intracytoplasmic sperm injection (ICSI) has
been used to help many couples who are affected by
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azoospermia to produce their reproductive offspring. How-
ever, these technologies are expensive and have their own
limitations [7, 8]. For example, men with AZFc microdele-
tion resulting in infertility may produce sons by intracyto-
plasmic sperm injection, but there is a risk of transmission
of the deletion and infertility [9]. Preimplantation genetic
diagnosis before ICSI can avoid the vertical transmission of
AZFc microdeletion [10].

Aromatase inhibitors (AIs) can increase endogenous
testosterone production [11], and high testosterone levels
in testis are indispensable for spermatogenesis [12], a
complicated process that is precisely regulated by the
hypothalamic-pituitary-gonadal axis [13, 14]. Spermato-
genic disorder can be alleviated by AIs, which regulate the
hypothalamic-pituitary-gonadal axis by regulating testoster-
one levels in patients with increased estradiol levels [11]. AI
administration can effectively increase spontaneous preg-
nancy by improving sperm parameters in men with idio-
pathic oligozoospermia and can support the reappearance
of sperm in the ejaculate of patients with nonobstructive
azoospermia [15, 16]. Endocrine hormone disorders have
been reported in patients with AZFc microdeletion [17].
However, the efficacy of AIs in patients with azoospermia
caused by AZFc microdeletion has not been reported so
far. In the present study, we retrospectively analyzed the
clinical features and rate of reappearance of sperm in the
semen of men with azoospermia and AZFc microdeletion
and evaluated the correlation between the reappearance of
sperm in the semen and clinical evaluation parameters.

2. Materials and Methods

2.1. Subjects. Patients with AZFc microdeletion who were
admitted to Shanghai General Hospital from March 2015
to March 2021 were selected for this study. We screened
3364 patients with AZFc microdeletion who were infertile,
and 313 (9.30%) of them were enrolled in the present study.
This study was approved by the Ethics Committee of Shang-
hai General Hospital (ethics approval number: 2020SQ199).

2.2. Inclusion Criteria. Azoospermic patients with complete
AZFc microdeletion were verified by qPCR examination at
Shanghai General Hospital. According to the European
Academy of Andrology (EAA) criteria for molecular diagno-
sis of Y chromosomal microdeletions, eight loci were inves-
tigated for sY14 (SRY), ZFX/ZFY, sY84, sY86, sY127, sY134,
sY254, and sY255, of which sY254 and sY255 were both
absent with regard to the AZFc microdeletion [4].

2.3. Exclusion Criteria. Other abnormal genotypes related to
spermatogenic disorders were excluded by karyotype
analysis. Patients diagnosed with partial AZFc microdeletion
were excluded.

2.4. AI Treatment. Azoospermic patients with complete AZFc
microdeletion were treated with AIs (letrozole 2.5mg/day or
anastrozole 1mg/day, 3–6 months, orally).

2.5. Data Collection and Analysis. After AI treatment, the
patients with azoospermia were divided into two groups:

those who had sperm in their semen (group A) and those
without sperm in their semen (group B). All the patients
were further divided into three subgroups based on their
sperm analysis: oligozoospermia, cryptozoospermia, and
azoospermia. Clinical parameters (height, weight, karyotype
analysis, Y chromosome microdeletion detection, volume of
testes, and history of mumps orchitis, varicocele, cryptorchi-
dism, or chemical chronic irritation) and hormone levels
(prolactin (PRL), testosterone (T), follicle-stimulating hor-
mone (FSH), and luteinizing hormone (LH)) before and
after AI administration were collected.

2.6. Statistics. An independent t-test was used to compare
differences of continuous data between groups A and B.
The paired t-test was used to compare differences in the
assessed parameters of the same patient before and after AI
administration. All the results are expressed as mean ± SD.
The chi-square test or Fisher’s exact test was used for
binomial distribution data, and all the tests were two-sided.
P < 0:05 was considered statistically significant. The statisti-
cal analyses were performed using SPSS 26.0.

3. Results

3.1. Heterogeneity of Clinical Phenotypes in Patients with
AZFc Microdeletion. A total of 3364 infertile men were
enrolled in this study (Figure 1). The rate of Y chromosome
AZF microdeletions was 9.15% (308/3364), among which
patients with complete AZFc microdeletion accounted for
64.3% (198/308). Among the 198 patients with AZFc micro-
deletion, 27 (13.6%) showed oligozoospermia, 33 (16.7%)
showed cryptozoospermia, and 138 (69.7%) showed azoo-
spermia. All patients with azoospermia were treated with
AIs, and 46 (33.3%) of them had sperm in their semen after
AI administration.

3.2. Patients with Azoospermia Who Had Sperm in Their
Semen after AI Administration. A total of 46 patients
(33.3%, 46/138) with azoospermia were found to have sperm
in their semen after AI administration (Table 1). The left tes-
ticular volume of patients in group A was significantly
higher than that of patients in group B (P = 0:032, Table 1)
before AI administration. There were no significant differ-
ences in other clinical parameters before AI administration
between patients in the two groups (Table 1).

We retrospectively analyzed the hormone levels of
azoospermic patients with AZFc microdeletion and after
AI treatment (Table 2). LH, T, and T/E2 levels were higher
in group A than those in group B after treatment, and the
differences were significant (LH, P = 0:030; T, P = 0:038;
T/E2, P = 0:004). The FSH level was higher in group A than
that in group B after treatment, but the difference was not sta-
tistically significant (P = 0:327). There were no significant dif-
ferences in other clinical parameters after AI administration
between the patients in the two groups (Table 2).

A paired sample t-test was used to compare the changed
levels of sexual hormones in patients with sperm in the
semen after AI treatment (Table 3). Paired t-test demon-
strated that the change in T levels before and after treatment
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was statistically significant (P = 0:003), but the correlation
test showed that the correlation of testosterone levels before
and after treatment in patients was not obvious (r = 0:117,
P = 0:614). The increased E2 and T/E2 ratio levels before
and after treatment were not statistically significant
(P = 0:057 and 0.080), but they were close to the threshold

value (P = 0:05), which may be due to the small sample size
(13/46 and 14/46).

3.3. Effects of Chronic Inflammatory Stimulation on the
Outcomes of AI Administration. The proportion of patients
with a history of chronic inflammation was lower in group

Infertile male
(n = 3364)

Y‐chromosome
microdeletion: (n = 308)

Complete deletion of
AZF c (n = 198)

Oligozoospermia
n = 27 (13.6%)

Azoospermia
n = 138 (69.7%)

Cryptozoospermia
n = 33 (16.7%)

Aromatase
inhibitors

With sperm in
semen

n = 46 (33.3%)

Clinical
features

Without sperm
in semen

n = 92 (66.6%)

AZF a (n = 14)
AZF b (n = 23)
AZF b + c (n = 60)
AZF a + b + c (n = 13)

Figure 1: Screening of enrolled patients with Y chromosome microdeletions.

Table 1: Clinical parameters of patients with azoospermia and AZFc microdeletion before aromatase inhibitor administration.

Clinical parameters
Group A (n = 46) Group B (n = 92)

P value
Min Max Mean ± S Min Max Mean ± S

Age 23 45 29:95 ± 3:69 22 43 31:04 ± 5:32 0.113

BMI 19.37 30.56 23:83 ± 5:54 17.04 24.67 22:13 ± 2:54 0.688

Testicular volume right (ml) 2 20 11:46 ± 2:59 6 15 10:28 ± 2:86 0.065

Testicular volume left (ml) 2 20 11:41 ± 2:69 6 15 10:02 ± 2:79 0.032

FSH_b (mIU/ml) 1.70 78.79 14:90 ± 14:92 3.07 56.89 18:30 ± 10:42 0.155

LH_b (mIU/ml) 1.24 28.08 7:24 ± 5:54 0.85 66.31 8:17 ± 7:86 0.5

PRL_b (ng/ml) 0.54 36.66 12:89 ± 7:81 0.39 36.31 12:31 ± 7:99 0.728

E2_b (pg/ml) 1.59 142.47 34:68 ± 26:95 4.00 95.00 30:98 ± 18:27 0.231

T_b (ng/ml) 0.62 9.73 3:83 ± 1:95 0.23 15.45 4:03 ± 2:62 0.671

T/E2_b (ng/pg) 0.02 6.12 0:39 ± 1:13 0.01 0.77 0:17 ± 0:15 0.142

Duration of infertility (year) 1 8 2:50 ± 1:71 1 10 2:93 ± 1:96 0.298

Group A: patients with sperm detected in the semen after AI administration; Group B: patients without sperm detected in the semen after AI administration;
E2_b: estradiol of patients with azoospermia and AZFc microdeletion before AI administration; T_b: total testosterone of patients with azoospermia and AZFc
microdeletion before AI administration.
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A (8.7%) than it was in group B (15.3%), but the difference
was not statistically significant (P = 0:495, Table 4). The
rates of mumps orchitis were the same in group A (6.5%)
and group B (6.5%), and the rates of cryptorchidism and
varicocele and a history of chemical exposure were lower
in group A than they were in group B after AI administra-
tion (0% vs. 2.2%, 4% vs. 10.9%, and 0% vs. 2.2%,
respectively).

4. Discussion

In the present study, we found that AZFc microdeletion
accounted for the largest proportion of Y chromosome
microdeletions, which is consistent with the prevalence
reported previously [5]. Spermatogenic failure, clinically
known as oligozoospermia, cryptozoospermia, or azoosper-
mia, can result from the AZFc microdeletion. But some
patients’ testicles still go through the entire spermatogenic
process [18]. It is possible that patients with AZFc deletions
respond effectively to AI therapy because spermatogenic tis-
sue is still present in their testicles.

Our research shows that 33.3% of azoospermic individ-
uals with AZFc microdeletion were able to have sperm in
their semen through the advent of AIs. After receiving AI
treatments, patients in group A had significantly higher T
and T/E2 levels than those in group B, which is consistent
with the earlier research showing that AI treatment is bene-
ficial for patients with spermatogenic failure who have lower
T/E2 ratios and T levels [15, 19]. After using AIs, T levels are
anticipated to rise and E2 levels to fall since T to E2 conver-
sion depends on aromatase, which can be inhibited by AIs
[20]. Paired t-test results in azoospermic patients who had
sperm in the semen following AI treatment demonstrated
that the altered T levels were statistically significant, sup-
porting the efficacy of AI. Collectively, our results indicated
that T and T/E2 levels after treatment could be used as bio-
markers to distinguish patients with azoospermia and AZFc

Table 2: Sexual hormone levels of patients with azoospermia and AZFc microdeletion after aromatase inhibitor administration.

Group A (n = 46) Group B (n = 92)
P value

Min Max Mean ± S Min Max Mean ± S
FSH_a (mIU/ml) 1.92 57.48 22:64 ± 14:57 2.06 68.50 21:41 ± 13:18 0.327

LH_a (mIU/ml) 2.12 42.99 13:90 ± 11:51 0.77 28.71 10:98 ± 6:98 0.030

PRL_a (ng/ml) 0.33 29.79 10:05 ± 8:35 0.07 234.00 20:19 ± 38:60 0.178

E2_a (pg/ml) 5.00 90.23 22:80 ± 20:52 3.81 125.40 29:30 ± 24:05 0.694

T_a (ng/ml) 0.29 13.89 6:69 ± 3:60 0.96 11.43 5:52 ± 2:69 0.038

T/E2_a (ng/pg) 0.02 1.79 0:55 ± 0:53 0.02 1.45 0:31 ± 0:29 0.004

Group A: patients with sperm detected in the semen after AI administration; Group B: patients without sperm detected in the semen after AI administration;
E2_a: estradiol of patients with azoospermia and AZFc microdeletion after AI administration; T_a: total testosterone of patients with azoospermia and AZFc
microdeletion after AI administration.

Table 3: Changed levels of sexual hormones before and after aromatase inhibitor (AI) treatment of patients in group A.

The changed sexual hormone levels
Correlation test Paired t-test

r value P value Mean ± S P value

T/E2_a-T/E2_b 0.002 0.996 0:19 ± 0:41 0.080

T_a-T_b 0.117 0.614 2:07 ± 3:27 0.003

FSH_a-FSH_b 0.048 0.831 4:07 ± 17:18 0.331

LH_a-LH_b -0.204 0.363 4:23 ± 10:55 0.108

E2_a-E2_b -0.332 0.267 −4:04 ± 31:56 0.057

PRL_a-PRL_b 0.300 0.259 4:25 ± 35:31 0.198

_a: after AI administration; _b: before AI administration; r value: Pearson’s correlation coefficient.

Table 4: History of chronic inflammation in patients with
azoospermia and AZFc microdeletion.

Group A
(n = 46)

Group B
(n = 92) P value

With chronic
inflammation

7 (15.2%) 20 (21.7%) 0.495

Mumps orchitis 3 (6.5%) 6 (6.5%)

Cryptorchidism 0 2 (2.2%)

Varicocele 4 (8.7%) 10 (10.9%)

Chemical chronic
irritation

0 2 (2.2%)

Without inflammation 39 (84.8%) 72 (78.3%)

Total 46 92

Group A: patients with sperm detected in the semen after AI administration;
Group B: patients without sperm detected in the semen after AI
administration.
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microdeletion who had a better response to AIs from
patients who had no response to AIs.

We also investigated the difference in the proportion of
azoospermic patients after AI treatment with and without
a history of chronic inflammation. The proportion of
patients with a history of chronic inflammation was lower
in patients with sperm in their semen than it was in patients
without sperm in their semen. However, the difference was
not statistically significant, possibly due to the insufficient
sample size. Varicocele and cryptorchidism have been
reported as complications of AZFc microdeletion [21, 22],
but the treatment outcomes have not been investigated.
Our results indicated that chronic inflammation such as
varicocele and cryptorchidism can adversely affect the out-
come of AI treatment in patients with AZFc microdeletion.
However, large sample multicenter clinical studies are
needed to confirm these findings.

A limitation of this study is the lack of a blank control
group that received placebo administration. The Urologic
Medical Center (Shanghai General Hospital) is in the pro-
cess of applying for clinical trials that will include more
patients and set more reasonable groups to study the efficacy
of AIs on patients with azoospermia.

5. Conclusions

AZFc microdeletion accounts for the largest proportion of
male infertility caused by the Y chromosome. AIs can pro-
mote spermatogenesis in azoospermic patients with AZFc
microdeletion, and sperm was found in the semen of some
patients after AI administration. T and T/E2 levels after
treatment could be used as biomarkers to distinguish azoos-
permic patients with AZFc microdeletion who responded
better to AIs from those who did not respond to AIs.
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