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Abstract Objective: Selective estrogen receptor modulators (SERMs) have demonstrated ef-
ficacy in the treatment of hypogonadism in males and male factor infertility. Two SERMs,
clomiphene citrate and tamoxifen, are now prescribed for off-label use to treat both condi-
tions in males. However, existing literature compares mixed protocols with active manage-
ment. We aimed to conduct a meta-analysis to evaluate the effect of clomiphene and
tamoxifen versus placebo on natural pregnancy rates.
Methods: We conducted a comprehensive systematic review of electronic databases: MEDLINE,
PubMed/PMC, EMBASE, CINAHL, Cochrane Central Register of Controlled Trials (CENTRAL), Sco-
pus, Google Scholar, and Web of Science. Articles satisfying all selection criteria were
analyzed. The primary outcome was the incidence of pregnancy after receiving the treatment.
Secondary outcomes included serum follicle-stimulating hormone, luteinizing hormone, and
testosterone levels, and sperm count and motility. We calculated the pooled odds ratio, risk
ratio, and risk difference to ascertain possible alterations in the direction of the pooled effect
size.
Results: Ten randomized controlled trials were ultimately included and underwent data extrac-
tion. Clomiphene citrate and placebo groups had similar pregnancy rates (10.4% and 7.1%,
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respectively; odds ratio 1.30 [95% confidence interval 0.27e6.17]; pZ0.74). No meta-analysis
could be calculated for pregnancy rates in tamoxifen versus placebo groups. Heterogeneity
among the studies of both SERMs ranged from low to high.
Conclusion: Although clomiphene citrate and tamoxifen are often used off-label for the treat-
ment of male infertility secondary to hypogonadism, studies of SERMs in the treatment of idio-
pathic male factor infertility are limited and heterogenous, preventing this meta-analysis from
investigating the efficacy of SERMs onmale infertility. The effect of clomiphene citrate or tamox-
ifen on the pregnancy rate remains uncertain.
ª 2025 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
1. Introduction

Infertility is a global problem estimated to affect one in six
couples trying to conceive [1]. It is defined as the failure to
achieve pregnancy naturally after 1 year [2]. The male
factor plays a role in 50% of these cases and is solely
responsible for couples’ infertility in approximately 30% of
the cases [3]. The etiology of male infertility with abnormal
semen parameters remains unknown in 25% of the men [4].

Spermatogenesis is controlled by the
hypothalamicepituitaryetesticular axis. Gonadotropin-
releasing hormone is released from the hypothalamus in a
pulsatile manner [5]. This pulsatile fashion causes the
release of follicle-stimulating hormone (FSH) and luteiniz-
ing hormone (LH) from the anterior pituitary gland. LH
directly affects Leydig cells in the testicles to produce
testosterone, which is then converted into estrogen in the
peripheral tissue. Estrogen provides negative feedback to
the hypothalamus and anterior pituitary [5]. FSH directly
affects Sertoli cells in the testicles, causing the initiation
and maintenance of spermatogenesis [6]. Sertoli cells
induce a negative feedback loop in the hypothalamus and
pituitary through inhibin production [7].

Selective estrogen receptor modulators (SERMs) have
been used off-label for decades to treat male factor
infertility. The SERM is a class of drugs that acts on estrogen
receptors with agonist or antagonist properties, depending
on the target tissue. Clomiphene citrate and tamoxifen are
SERMs. They act as estrogen blockers, inhibiting the nega-
tive feedback acting on both the hypothalamus and anterior
pituitary. For example, SERMs cause the hypothalamus to
release more gonadotropin-releasing hormone, which in
turn releases more FSH and LH from the anterior pituitary
gland [4]. The increased LH secretion raises intratesticular
testosterone which acts along with FSH to stimulate and
maintain spermatogenesis. The earliest study from 1966 by
Mellinger and Thompson [8] showed the benefits of clomi-
phene citrate in treating male infertility. Other medica-
tions within the SERM family are hypothesized to function
similarly to clomiphene citrate such as tamoxifen. Tamox-
ifen was introduced a long time ago as an empiric treat-
ment for idiopathic oligozoospermia [9], and the World
Health Organization Working Committee proposed it as the
first-line treatment for this condition [10]. The rationale
behind its use is similar to that of clomiphene citratedby
inhibition of the estradiol, it enhances gonadotropin-
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releasing hormone secretion from the hypothalamus and
thus LH and FSH from the pituitary, leading to an increase in
intratesticular levels and testosterone secretion and sub-
sequently spermatogenesis [11].

A recent review showed the effective role of clomiphene
citrate in patients who suffer from both male factor
infertility and symptomatic hypogonadism [12]. A system-
atic review and meta-analysis published by Huijben et al.
[13] in 2023 noted an increased sperm concentration and
motility with no change in morphology with the use of
clomiphene citrate. There were no serious adverse events
reported indicating that this could be a safe option for
infertile men [13]. While previous studies have focused on
semen parameters, we conducted a meta-analysis to eval-
uate the effect of clomiphene and tamoxifen versus pla-
cebo on pregnancy rates, as all recent analyses compared
mixed protocols with active management. The main focus
of this meta-analysis is to focus on pregnancy rates but we
will also look at biochemical effects in the form of hormone
levels and the clinical effects in the form of sperm count
and motility.
2. Methods

The protocol for our review was determined before the
literature search. The methods of study selection, data
analysis, data extraction, and analysis of the outcomes
were predefined in our initial study protocol. The protocol
was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) with the registration
number CRD42021229422 (https://www.crd.york.ac.uk/
prospero/display_record.php?IDZCRD42021229422). The
study was performed following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
standards [14]. No ethical approval was required.

2.1. Eligibility criteria

We included all randomized controlled trials (RCTs) evalu-
ating the outcomes of idiopathic infertile male patients
taking either clomiphene citrate or tamoxifen versus pla-
cebo with no age restriction. All studies written in English,
focusing on idiopathic male infertility (idiopathic oligoas-
thenoteratozoospermia, which indicates that the men have
an unexplained reduction of semen parameters) with no
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http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021229422
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021229422


Figure 1 Preferred Reporting Items for Systematic reviews
and Meta-Analyses flowchart for the reviewed articles. CEN-
TRAL, Cochrane Central Register of Controlled Trials.
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date restrictions, were included. The exclusion criteria
included manuscripts not in English, unpublished manu-
scripts, and conference proceedings. Clomiphene citrate or
tamoxifen was considered the intervention of interest, and
placebo was considered the comparator.

2.2. Outcome measures

The incidence of normal pregnancy after receiving treat-
ment was the primary outcome. Secondary outcomes
included serum FSH, LH, and testosterone levels, and sperm
count and motility.

2.3. Search strategy

A comprehensive search strategy was devised based on our
pre-set study protocol. Two authors (Bruce A and Almagh-
louth A) independently performed a comprehensive search
using the following electronic databases: MEDLINE, PubMed/
PMC, EMBASE, CINAHL, Cochrane Central Register of
Controlled Trials (CENTRAL), Scopus, Google Scholar, and
Web of Science. Supplementary Table 1 outlines the litera-
ture search strategy. The search was concluded on December
20th, 2022 with no time limitation. The titles and abstracts of
the papers identified from the literature search were
assessed by two independent authors (Krishan A and
Almaghlouth A). The full texts of qualifying articles were
retrieved and assessed; these were further screened for
those that met eligibility criteria. In case of disagreements
between the two authors, a third author (Khashaba S) was
consulted to reach a majority verdict. To ensure that our
search strategy was as comprehensive as possible, the
reference lists of the included studies were screened to
identify any additional studies not found in the database
search. Further discussions with experts in the field were
conducted to identify further studies missed in the database
search.

2.4. Data extraction

Two independent authors (Bruce A and Almaghlouth A)
extracted data from each study using an electronic spread-
sheet produced following the Cochrane recommendations
for intervention reviews. These included study-related data
(the first author’s name, publication year, country of origin,
journal, study design, dose of clomiphene or tamoxifen, and
duration of treatment), baseline patient characteristics of
the study populations (the number of patients, age, semen
volume, sperm concentration, sperm motility, and serum
FSH, LH, and testosterone levels), and primary and second-
ary outcomes’ data.

2.5. Summary measures

Two authors (Krishan A and Almaghlouth A) independently
assessed the results. In case of discrepancies, a third author
(Khashaba S)’s opinion was sought to reach a majority ver-
dict. The ReviewManager (RevMan version 5.4; the Cochrane
Collaboration, Copenhagen, Denmark) was used for the data
synthesis. We used random effects modelling for data anal-
ysis in the event of low-to-moderate heterogeneity or fixed
17
effects when heterogeneity was high or considerable. The
results are displayed using forest plots with 95% confidence
intervals (CIs). The mean difference (MD) between groups
was calculated for continuous variables, whereas the odds
ratio (OR) was calculated for dichotomous variables.

Heterogeneity between studies was assessed, and in-
consistencies were calculated using the I2 statistic. Values of
0e50% represented low heterogeneity; 51%e75% moderate
heterogeneity; 76%e100% considerable heterogeneity.

For each dichotomous variable, we calculated the
pooled OR, risk ratio, and risk difference to ascertain
possible alterations in the direction of the pooled effect
size. The influence of each study was assessed by re-
evaluating the resultant effect after removing it from the
analysis (leave-one-out sensitivity analysis).

Thequality and risk ofbias assessmentswereperformedby
two independent authors (Krishan A and Almaghlouth A) for
each included study, using the RoB2 tool that included within
the ReviewManager to assess the risk of bias. Again, in case
of disagreements between the two authors, a third
author (Khashaba S)’s opinion was sought to reach a majority
verdict.

3. Results

The electronic search strategy initially identified 233 articles.
After screening the titles and abstracts, 204 articles were
excluded. Of the 29 articles reviewed in full, 19 were
excluded due to either a lack of relevance or the absence of
outcomes defined in our study. Ultimately, 10 RCTs [9,15e23]
met the eligibility criteria (Fig. 1). The clomiphene citrate
studies included a total of 396 patients, and the tamoxifen
studies included a total of 234 patients. The baseline char-
acteristics of the studies are displayed in Supplemental Tables
2 and 3 for clomiphene citrate and tamoxifen, respectively.
Supplemental Tables 4 and 5 present the baseline patient
characteristics of the included studies.

3.1. Methodological quality and risk of bias

The results of the methodological quality assessment are
shown in Fig. 2.

3.1.1. Clomiphene citrate versus placebo
3.1.1.1. Pregnancy rate (Fig. 3A). The clomiphene citrate
and placebo groups had similar pregnancy rates (10.4% and
7.1%, respectively; OR 1.30 [95% CI 0.27e6.17]; pZ0.74).



Figure 2 Risk of bias assessment of the included studies.

Figure 3 The forest plot analysis following treatment with clom
follicle-stimulating hormone level. CI, confidence interval; M�H, M
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The moderate heterogeneity was observed among the
included studies (I2Z53%, pZ0.09).

3.1.1.2. Serum FSH level (Fig. 3B). The post-treatment
FSH level in the clomiphene citrate group was significantly
higher than that in the placebo group (10.67 mIU/mL and
6.36 mIU/mL, respectively; MD 4.30 [95% CI 3.26e5.34];
p<0.001). A low level of heterogeneity was observed among
the included studies (I2Z7%, pZ0.34).

3.1.1.3. Serum LH level. Only two studies, Sokol et al. [18]
and Soares et al. [17], reported outcomes for LH levels after
clomiphene citrate treatment. Therefore, no meta-analysis
was performed on this outcome.

3.1.1.4. Serum testosterone. Only two studies, Sokol et al.
[18] and Soares et al. [17], reported serum testosterone level
outcomes after clomiphene citrate treatment. Therefore, no
meta-analysis was performed on this outcome.

3.1.1.5. Sperm count. Only two studies, Sokol et al. [18]
and Mi�ci�c and Dotli�c [15], reported sperm count levels after
clomiphene citrate treatment. Therefore, no meta-analysis
was performed on this outcome.

3.1.1.6. Sperm motility. Only two studies, Sokol et al.
[18] and Mi�ci�c and Dotli�c [15], reported sperm motility
after the clomiphene citrate treatment. Therefore, no
meta-analysis was performed on this outcome.

3.1.2. Tamoxifen versus placebo
3.1.2.1. Pregnancy rate. Only one study, Iacono and
Prezioso [23], reported total pregnancy rates in their study
outcomes. These were 6/30 for the tamoxifen group and
4/30 for the placebo group. No meta-analysis was
performed on this outcome.

3.1.2.2. Serum FSH level (Fig. 4A). The measured post-
treatment FSH in the tamoxifen group was significantly
iphene citrate versus placebo. (A) Pregnancy rate; (B) Serum
anteleHaenszel. IV, inverse variance.



Figure 4 The forest plot analysis following the treatment with tamoxifen versus placebo. (A) Serum follicle-stimulating hormone
level; (B) Serum luteinizing hormone level; (C) Serum testosterone level; (D) Sperm count; (E) Sperm motility. CI, confidence in-
terval; IV, inverse variance; SD, standard deviation.
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higher than in the placebo group (7.68 mIU/mL vs. 6.25
mIU/mL; MD 2.90 [95% CI 2.56e3.24]; p<0.001). A high
level of heterogeneity was observed among the included
studies (I2Z89%, p<0.001).

3.1.2.3. Serum LH level (Fig. 4B). The measured post-
treatment LH in the tamoxifen group was significantly
higher than in the placebo group (5.98 mIU/mL vs. 4.73
mIU/mL; MD 2.40 [95% CI 2.04e2.76]; p<0.001). A high
level of heterogeneity was observed among the included
studies (I2Z98%, p<0.001).

3.1.2.4. Serum testosterone level (Fig. 4C). The
measured post-treatment testosterone in the tamoxifen
19
group was significantly higher than in the placebo group
(7.80 ng/dL vs. 6.39 ng/dL; MD 3.22 [95% CI 3.02e3.42];
p<0.001). A high level of heterogeneity was observed
among the included studies (I2Z92%, p<0.001).

3.1.2.5. Sperm count (Fig. 4D). Similar sperm counts were
measured in the tamoxifen and placebo groups (22.0x106 vs.
17.1x106, respectively; MD 2.39 [95% CI �2.28e7.05];
pZ0.32). A moderate level of heterogeneity was observed
among the included studies (I2Z74%, pZ0.009).

3.1.2.6. Sperm motility (Fig. 4E). Similar mean sperm
motility was noted in the tamoxifen and placebo groups
(30.5% vs. 33.1%, respectively; MD �1.73 [95% CI
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�3.85e0.38]; pZ0.11). A low level of heterogeneity was
observed among the included studies (I2Z0%, pZ0.45).

3.2. Sensitivity analysis

The use of fixed or random effects modelling for each re-
ported outcome assessment did not significantly alter the
calculated outcomes. Similarly, the direction of the pooled
effect remained unchanged when OR, risk ratio, or risk
difference was calculated from dichotomous variables or
MD or standardized MD from continuous variables. The
leave-one-out sensitivity analysis was performed only on
outcomes reported in more than three studies. The removal
of each study did not alter the statistical significance of
outcomes.

4. Discussion

This systematic review and meta-analysis aimed to eval-
uate the effects of the SERMs (clomiphene citrate and
tamoxifen) on the idiopathic male infertility and pregnancy
rate. In addition, we evaluated the treatment impact on
hormonal levels and semen parameters.

4.1. Clomiphene citrate

Clomiphene citrate is a SERM used to treat male infertility
with controversial efficacy. The goal of this medication
from a fertility standpoint is to block negative feedback
loops which ultimately result in an increase in LH and FSH
levels that stimulate testosterone release and spermato-
genesis [24,25]. In males, this is used as an off-label
treatment for hypogonadism due to its indirect stimula-
tion of Leydig cells to produce testosterone, particularly in
those wishing to maintain fertility [26].

The effect of clomiphene citrate on pregnancy rates was
reported in all studies (OR 1.30 [95% CI 0.27e6.17]; pZ0.74),
with a moderate level of heterogeneity among them
(I2Z53%; pZ0.09). Differences in pregnancy rates among
studies could be because the increase in pregnancy rates
were achieved in a selected group of infertile males with a
longstanding history of infertility [15]. Sokol et al. [18] re-
ported a higher pregnancy rate in the control group,
concluding that clomiphene citrate was not a useful drug for
the male infertility treatment.

Two studies [17,18] reported significantly higher serum
LH and testosterone levels after the daily treatment with
25 mg or 50 mg clomiphene citrate than placebo (any
overall mean increase, p<0.001). The remaining studies did
not report this outcome. The two studies showed some
heterogeneity given the differences in the study participant
numbers and characteristics and the clomiphene citrate
dose used.

We found higher FSH levels following treatment with
clomiphene citrate (10.67 mIU/mL) than placebo (6.36
mIU/mL; MD 4.30 [95% CI 3.26e5.34]; p<0. 001). Although
the included studies were RCTs, we found a low level of
heterogeneity (I2Z7%; pZ0.34) given the patient char-
acteristics, treatment dose, and follow-up time. The
impact of clomiphene citrate on semen parameters was
reported only in two studies [15,18], with some
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differences between them. Sokol et al. [18] reported no
change in sperm parameters following treatment with
25 mg clomiphene citrate once daily, concluding that
clomiphene citrate was not a useful drug to treat male
infertility. Conversely, Mi�ci�c and Dotli�c [15] reported a
significantly higher mean sperm concentration in the
clomiphene citrate than the placebo group (8.38 [standard
deviation 4.18] million/mL vs. 7.56 [standard deviation
3.64] million/mL; p<0.05).
4.2. Tamoxifen

Tamoxifen is a non-steroidal anti-estrogen drug that is also
considered a SERM.

Tamoxifen’s effect on pregnancy rates was reported in
only one study [23], which showed a pregnancy rate of 6/30
for the tamoxifen group and 4/30 for the placebo group. A
recent review reported higher pregnancy rates in patients
treated with SERMs than placebo-treated or non-treated
controls (OR 3.42; 95% CI 1.37e8.52; p<0.01); caveats
that concern the reported results are the inclusion of
non-randomized controlled studies and the high level of
heterogeneity among studies [27].

Three studies [9,21,22] reported a significant increase in
the mean total serum LH following treatment with tamox-
ifen over placebo (5.98 mIU/mL vs. 4.73 mIU/mL;
p<0.001). These three studies were noted to have differ-
ences in participant characteristics and the tamoxifen
doses used (I2Z98%, p<0.001). The same three studies also
reported a significant increase in FSH level following
treatment with tamoxifen over placebo with overall mean
of (7.68 mIU/mL vs. 6.25 mIU/mL; p<0.001). Although all
three studies were RCTs, they showed a high level of het-
erogeneity (I2Z89%, p<0.001), primarily due to the patient
characteristics, treatment dose, and follow-up time. The
impact of tamoxifen on semen parameters was reported in
all studies, showing no difference in the sperm concentra-
tion or motility between the tamoxifen and placebo groups.

According to the WHO manual on infertility (2021), the
sperm count and concentration is the best predictor of
fertility [28]. One could debate whether a routine semen
analysis just accurately measures sperm production,
maturation, and the ejaculatory process [29e31], but not
necessarily fertility. Perhaps other independent factors like
sperm function play a role in fertility. For this reason, we
chose the pregnancy rate as our primary outcome. It is
important to note that pregnancy is a multifactorial
outcome that does not only depend only on semen param-
eters. For this reason, it is difficult to study empiric
treatment options to improve pregnancy rates. There is a
pronounced predilection toward the utilization of clomi-
phene citrate as opposed to tamoxifen, a preference that is
ostensibly associated with the comparatively elevated
profile of adverse events affiliated with tamoxifen. The
latter encompasses gastrointestinal, cardiovascular, and
psychiatric disturbances, which have been predominantly
cited as the primary impetus for the discontinuation of
tamoxifen therapy [32]. The main strength of this
meta-analysis is that it was the first attempt to focus pri-
marily on a clinically useful outcome (the pregnancy rate)
as the primary outcome of the study following treatment of
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male infertility with the SERMs (clomiphene citrate or
tamoxifen).

Our review has certain limitations that warrant
mentioning. Unfortunately, we were bound to the existing
literature that included only a small number of studies. We
performed a systematic review and meta-analysis only on
RCTs and compared the available data. We observed an
increase in testosterone, FSH, and LH levels with tamoxifen
administration and an increase in FSH with clomiphene
citrate in most studies, despite the moderate-to-high level
of heterogeneity. Moreover, semen parameters were not
useful tools for the male fertility assessment.
5. Conclusion

Owing to the paucity of incorporated studies and a
prominent level of heterogeneity, this meta-analysis was
precluded from thoroughly investigating the efficacy of
SERMs on male infertility, specifically pertaining to preg-
nancy rates and the effect of clomiphene citrate or
tamoxifen on the pregnancy rate remains uncertain.
Despite the derived outcomes, the off-label utilization of
clomiphene citrate and tamoxifen prevails for individuals
experiencing male infertility attributable to hypoan-
drogenism. To ascertain the role of clomiphene citrate or
tamoxifen in addressing idiopathic male infertility with
elevated assurance, a meticulously designed RCT,
endowed with sufficient power and an ample sample size,
is indispensably requisite.
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