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ORIGINAL ARTICLE

Aromatase inhibitors in infertile patients:
effects on seminal parameters, serum and

seminal plasma testosterone levels, and estradiol
levels during short-term follow-up

Aim: To evaluate the effects of an aromatase inhibitor (anastrozole) on seminal parameters, and
on serum and seminal plasma testosterone/estradiol ratios in infertile patients, as well as to clarify
its place among empirical infertility treatment modalities.
Patients and Methods: The study included 32 patients with spermatozoa numbering > 5
million/mL in ejaculate and a serum testosterone/estradiol ratio < 0.14. Anastrozole, an
aromatase-inhibiting agent, was given (1 mg b.i.d.) and patients were re-evaluated 2 months later
based on semen analysis, and measurements of serum and seminal plasma testosterone and
estradiol levels. 
Results: Semen analysis parameters before and after treatment, respectively, were as follows:
number of spermatozoa: 12.4 ± 4.1 million/mL and 22.3 ± 5.7 million/mL; motility: 33.4 ± 4.2%
and 47.6 ± 7.4%; normal morphology: 5.4 ± 1.3% and 8.9 ± 2.7%. Differences between the values
before and after treatment were statistically significant (P < 0.05).     
Serum testosterone level was 4.1 ± 1.2 ng/mL, estradiol level was 52.1 ± 9.4 pg/mL, and
testosterone/estradiol ratio was 0.13 ± 0.03 at the beginning of treatment. These values were 3.2 ±
0.6 ng/mL, 68.4 ± 7.3 pg/mL, and 0.05 ± 0.001, respectively, in seminal plasma. 
Following 2 months of anastrozole treatment, testosterone and estradiol levels, and the
testosterone/estradiol ratio showed statistically significant changes in serum and seminal plasma.
While testosterone levels significantly increased, estradiol levels decreased (serum pT = 0.001, pE2

= 0.001; seminal plasma pT = 0.001, pE2 = 0.001). 

Conclusion: Aromatase inhibitors are a potential treatment method for infertile male patients
with increased plasma estradiol levels and decreased plasma testosterone/estradiol ratios. 
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İnfertil hastalarda aromataz inhibitörleri: kısa süreli izlemde serum
ve seminal plazma testosteron and östradiol düzeylerine etkileri

Amaç: Bu çalışmanın amacı, aromataz inhibitörünün infertil hastalarda seminal parametreler ve
serum ve seminal plazma testosteron/östradiol oranlarına etkisi değerlendirmek ve ampirik
infertilite tedavisi modalitelerinde yerini açıklamaktır. 
Hastalar ve Yöntem: Ejakulat spermatozoa sayısı 5 milyon/mL’den fazla ve serum
testosteron/östradiol oranı 0,14’den az olan toplam 32 hasta çalışmaya alındı. Aromotaz inhibitörü
olan anastrazol günde iki defa 1 mg olarak başlandı ve hastalar iki ay sonra semen analizi ve serum
ve seminal plazma testosteron ve östradiol düzeyleri ölçümü ile tekrar değerlendirildi. 
Bulgular: Tedavi öncesi ve sonrası semen analiz parametreleri sırası ile spermatozoa sayısında
12,4 ± 4,1 milyon/mL ve 22,3 ± 5,7 milyon/mL, motilitede % 33,4 ± 4,2 ve % 47,6 ± 7,4 ve
morfolojide % 5,4 ± 1,3 ve % 8,9 ± 2,7 idi. Bu değişiklikler istatistiksel olarak anlamlıydı (P < 0,05).
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Introduction
Leydig cells in the interstitium of testes produce

sex steroids, including testosterone and estrogen.
While approximately 20% of estrogen in the blood is
produced in the testes, the majority is converted to
estradiol (E2) in peripheral tissues via aromatase
enzyme activity (1,2). 

Aromatase is a cytochrome p450 enzyme active
in different tissues, including testes, adipose tissue,
and the brain (2-4). This enzyme converts
testosterone and androstenedione into E2 and
estrone, respectively. In previous studies, it was
shown that Leydig cells, germ cells, and spermatozoa
also possess aromatase activity (2,5). Aromatase
inhibitors interact with this enzyme, thus limiting
estrogen production. 

No specific cause can be found in approximately
10%-15% of infertile couples (6). These undiagnosed
patients are classified as having idiopathic infertility.
The hormonal profile of infertile patients changes
according to etiology. Generally, increased serum
follicle-stimulating hormone (FSH) levels are
associated with low or normal testosterone levels in
azoospermic patients. In contrast, normal serum
hormone levels were observed in idiopathic infertile
patients. Recently, some hormonal imbalances, such
as testosterone/estradiol (T/E2) and luteinizing
hormone/testosterone (LH/T) ratios, have been
described in patients previously classified as
idiopathic infertile (6). Moreover, levels of these
hormones in seminal plasma have also been
reported to be of importance (7,8).   

As empirical hormonal treatment methods have
low rates of success, artificial reproductive

techniques are more commonly offered to these
patients (6); however, these techniques are
associated with some drawbacks, such as high cost,
unsuccessful results, testicular damage, and risk of
ovarian hyperstimulation syndrome (9,10).
Therefore, hormonal treatment is still important for
some subgroups of infertile males. 

The aims of the present study were to evaluate
the effects of treatment with an aromatase inhibitor
(anastrozole) on spermatozoa number, motility, and
morphology, and serum and seminal plasma T/E2
ratios in infertile males with
oligoasthenoteratozoospermia, as well as to clarify
its place among empirical infertility treatment
modalities.

Materials and Methods
All patients that presented to the Andrology

outpatient department were evaluated via detailed
history and physical examination. Hormonal
analysis, including serum FSH, LH, prolactin, total
testosterone, and E2 levels, was performed between
0800 and 1000. Two semen analyses were performed
after 3 days of sexual abstinence and were evaluated
according to World Health Organization (WHO)
guidelines; morphological analysis was performed
after staining with Sperm Mac (Ferti Net NV,
Belgium), based on Kruger’s strict criteria (11).
Following semen analysis, the remaining seminal
plasma was centrifuged at 300 ×g for 10 min and
stored at -80 °C until seminal plasma testosterone
and E2 levels were measured. Serum and seminal
plasma testosterone and E2 levels were measured
using chemiluminescence methods. 
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Tedavi öncesinde serum testosteron düzeyi 4,1 ± 1,2 ng/mL, östradiol düzeyi 52,1 ± 9,4 pg/mL, ve
testosteron/östradiol oranı 0,13 ± 0,03 idi. Bu değerler seminal plazmada sırası ile 3,2 ± 0,6 ng/mL,
68,4 ± 7,3 pg/mL ve 0,05 ± 0,001 idi. 
İki aylık anastrazol tedavisi sonrasında, serum ve seminal plazma testosteron ve östradiol düzeyleri
istatistiksel olarak anlamlı değişim gösterdi. Testosteron düzeyi istatistiksel anlamlı olarak
artarken, östradiol düzeyi azaldı (Serum pT = 0.001, pE2 = 0.001; Seminal plazma pT = 0.001, pE2 =
0.001). 
Sonuçlar: Bu çalışmada, aromataz inhibitörlerinin artmış plazma östradiol ve azalmış plazma
testosteron/östradiol oranı olan erkek infertil hastalarda tedavi seçeneklerinden biri olabileceği
sonucuna vardık.   

Anahtar sözcükler: Erkek infertilitesi, östradiol, testosteron, aromataz inhibitörleri



After these investigations, 32 patients aged 23-42
years (mean age: 31.8 ± 4.1 years) with normal
gonadotropins and prolactin levels, and a serum
T/E2 ratio < 0.14 that had participated in intrauterine
insemination were enrolled in the study. Exclusion
criteria included any hormonal treatment during the
previous 6 months, spermatozoa numbering < 5
million per ejaculation, any scrotal pathology, such
as varicocele or cryptorchidism, previous history of
scrotal surgery, and abnormal serum hormone
levels. 

Later, anastrozole (1 mg b.i.d.) (Arimidex®, Astra
Zeneca, USA), a non-steroidal aromatase-inhibiting
agent, was given to all patients. The patients were re-
evaluated 2 months later based on semen analysis,
and serum and seminal plasma testosterone and E2
levels were re-measured at the end of this period.
Patients were queried regarding any side effects.

The second semen parameters of evaluations,
and serum and seminal plasma hormone levels
before and after treatment were compared using the
paired t test. Statistical significance was considered
as P < 0.05.

Results 
Semen analysis results, and serum and seminal

plasma hormone levels before and after treatment
are given in the Table. While the increase in
ejaculate volume was insignificant after treatment (P
= 0.54), all other seminal parameters significantly
increased at the end of the 2-month follow-up
(Figure 1). Serum gonadotropins and prolactin
levels did not change significantly in response to
aromatase inhibitor treatment (Table). 

Mean serum testosterone level was 4.1 ± 1.2
ng/mL, mean E2 level was 52.1 ± 9.4 pg/mL, and
mean T/E2 ratio was 0.13 ± 0.03 before treatment,
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Table. Seminal parameters, and serum and seminal hormone levels before and after anastrozole treatment. 

Before treatment After treatment
(mean ± SD) (mean ± SD) P*

Ejaculate volume (mL) 3.2 ± 1.6 3.4 ± 0.8 0.542
Sperm count (million/mL) 12.4 ± 4.1 22.3 ± 5.7 0.001
Motility (%) 33.4 ± 4.2 47.6 ± 7.4 0.027
Morphology (%) 5.4 ± 1.3 8.9 ± 2.7 0.040
FSH (mIU/mL) 3.3 ± 1.2 3.2 ± 1.1 0.073
LH (mIU/mL) 2.6 ± 0.5 2.5 ± 0.6 0.065
Prolactin (ng/mL) 14.9 ± 2.9 14.1 ± 2.1 0.301
Serum testosterone (ng/mL) 4.1 ± 1.2 6.9 ± 1.3 0.001*
Serum estradiol (pg/mL) 52.1 ± 9.4 31.7 ± 9.8 0.001*
Serum T/E2 0.13 ± 0.03 0.22 ± 0.04 0.001*
Seminal plasma testosterone 3.2 ± 0.6 4.8 ± 0.2 0.001*
Seminal plasma estradiol 68.4 ± 7.3 43.6 ± 6.3 0.001*
Seminal plasma T/E2 0.05 ± 0.001 0.11 ± 0.01 0.001*

SD: Standard deviation
*Paired t test, P < 0.05.

Figure 1. Seminal parameters before and after anastrozole
treatment.



versus 3.2 ± 0.6 ng/mL, 68.4 ± 7.3 pg/mL, and 0.05 ±
0.001, respectively, in seminal plasma. At the end of
2 months of anastrozole treatment, there were
significant increases in serum and seminal plasma
testosterone levels (6.9 ± 1.3 ng/mL and 4.8 ± 0.2
ng/mL, respectively) (P < 0.05). In contrast, E2 levels
significantly decreased in serum and seminal plasma
(31.7 ± 9.8 pg/mL in serum and 43.6 ± 6.3 pg/mL in
seminal plasma) (P < 0.05). The T/E2 ratio increased
to 0.22 ± 0.04 in serum and to 0.11 ± 0.01 in seminal
plasma; these changes were significant (P < 0.05)
(Figure 2). 

No side effects due to the medication were
reported; however, pregnancy was not observed by
the end of the 2-month treatment period.

Discussion
Results of the present uncontrolled preliminary

study show that short-term aromatase inhibitor
treatment had a positive effect on spermatogenesis
and steroidogenesis in the testes. 

Although the only role of estrogen in male
reproduction is thought to be the regulation of
sexual behavior and gonadotropin secretion,
numerous new data have led to increasing interest in
different interactions of estrogen in the male
reproductive system (12,13). In studies performed in
transgenic mice, 2 types of estrogen receptors,
estrogen receptor α (ER α) and estrogen receptor β

(ER β), were identified (14,15). These receptors are
expressed widely in the testes, male reproductive
tract, and accessory sex organs (12,13,16). Recently,
ERs have been found in the epididymis in significant
numbers (17). Hess et al. (18) observed abnormal
fluid absorption in ER knock-out mice. It has thus
been thought that estrogen acts on spermatogenesis
during the period of epididymal maturation.   

The idiopathic infertile male remains a
contentious point among infertile couples. Although
it is referred to as “idiopathic”, different factors,
including hormonal imbalance in serum/seminal
plasma, autocrine factors, and genetic
malformation, may be involved in this condition.
Increased aromatization of testosterone to E2 and
changes in T/E2 balance are among the etiologic
factors in idiopathic infertile males. Restoration of
this balance via blocking aromatization should be
considered as a treatment method.

The effects of anti-estrogen treatment on male
infertility were investigated in previous studies (19-
21). These agents, such as tamoxifen and
clomiphene, stimulate gonadotropin secretion at the
hypothalamic level and, therefore, germ cell
maturation and testosterone production can be
achieved; however, the effects of treatment are
controversial (20,21). In a meta-analysis by
Vandekerckhove, it was reported that a modest
improvement was observed in sperm density and
motility in infertile patients treated with these drugs;
however, no significant improvement in the
pregnancy rate following anti-estrogen treatment
has been reported in the literature (22). 

In contrast, aromatase inhibitors block
conversion of testosterone into estrogen in
peripheral tissues. In the first animal studies it was
reported that aromatase inhibitors induced dose-
dependent suppression of E2 in healthy males;
however, it suppressed plasma E2 concentration by
50% in monkeys (23). Kawakami et al. (24,25)
reported that these drugs were effective in dogs with
high plasma E2 levels. In human studies, while some
reported an improvement in sperm count, others
observed no changes (22). 

In the first human study of aromatase inhibitors,
Clark et al. (26) reported no change in semen
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Figure 2. Serum and seminal plasma hormone levels before and
after anastrozole treatment (S: serum; SP: seminal
plasma). 



parameters and no pregnancies resulting from their
idiopathic infertile male patients; however,
Pavlovich et al. (27) reported that aromatase
inhibitors were effective in infertile males with
decreased serum testosterone, as compared to E2. In
that study sperm count and motility increased with
testolactone therapy. Recently, Raman et al. (28)
reported that the aromatase inhibitors testolactone
and anastrozole increased the T/E2 ratio in serum
and improved seminal parameters however, to the
best of our knowledge the present study is the first to
report pregnancy outcomes following treatment
with these drugs.  

Luboshitzky et al. (8) reported that seminal
plasma hormonal balance is also important for the
regulation of spermatogenesis. They observed that
seminal plasma testosterone levels were lower and E2
levels higher in their infertile group, as compared to
control subjects. In addition, they observed a
significant correlation between low seminal plasma
T/E2 ratios and semen analysis parameters. 

Akiyama et al. reported that increased testicular
aromatase activity and testicular E2 levels can result
in male infertility (29). The effect of aromatase
inhibitors on seminal plasma in rats was investigated
by Turner et al. (30). They observed a significant
increase in testis weight, and in plasma FSH and
testosterone levels in rats treated with anastrozole at
the 19th week of treatment. While they did not
observe any suppression in plasma E2 concentration,
they detected significant reductions in testicular
intestinal fluid. In the present study we observed
increased T/E2 ratios in serum and seminal plasma.

Moreover, anastrozole had a positive effect on
spermatogenesis by regulating the T/E2 ratio in
infertile patients. 

There are major limitations to the present study,
namely that it was not designed as a double-blind
study and that the follow-up period was insufficient.
Nonetheless, we observed significant improvement
in seminal plasma parameters with short-term
usage. All patients enrolled in the study underwent
the first cycle of intrauterine insemination (IUI);
however, no pregnancy was observed following IUI
in these patients’ partners. We did not follow-up the
patients with respect to pregnancy rates. 

We conclude that aromatase inhibitors should be
used in infertile patients with increased plasma E2
levels and/or decreased plasma T/E2 ratios. Our
results show that the drug had a positive effect on
aromatization of hormones in both serum and
seminal plasma. As we did not observe any
pregnancy following the treatment, medical
treatment with aromatase inhibitors should be used
for a short period in male patients undergoing
assisted reproductive techniques, particularly IUI.
Further studies are needed regarding the crucial role
of seminal plasma hormonal balance on
spermatogenesis and, consequently, evaluation of
the effects of aromatase inhibitors on seminal
plasma hormonal balance. Moreover, further
investigations should focus on the effects of long-
term aromatase inhibitor use and in conjunction
with repeated assisted reproductive technique
cycles.
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