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Abstract

Male fertility significantly decreased in the last 50 years, as showed in several studies reporting a reduction of sperm counts per ml in the seminal fluid. Several “acute”
pharmacological treatments, as antibiotics, could cause subclinical and temporary
reduction of male fertility; conversely, long-term medical treatment may severely
affect male fertility, although this effect could be considered transient in most of the
cases. Thus, nowadays, several long-term pharmacological treatments may represent a clinical challenge. The association between several kind of antihypertensive
drugs and reduction of male fertility has been showed in the mouse model, although
the modification(s) which may alter this fine-regulated machinery are still far to
be elucidated. Furthermore, well-designed observational studies and randomized
controlled trials are needed to accurately define this association in human model,
meaning a narrative overview synthesizing the findings of literature retrieved from
searches of computerized databases. We strongly solicit future human studies (both
observational and randomized clinical trials) on large cohorts with adequate statistical power which may clarify this possible association and the effects (reversible or
permanent) of each drug. Furthermore, we suggest a close collaboration between
general practitioners, cardiologists, and andrologists in order to choose the most
appropriate antihypertensive therapy considering also patient’s reproductive desire
and possible risk for his fertility.
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Introduction
Male fertility significantly decreased in the last
50 years, as showed in several studies reporting a
reduction of sperm counts per ml in the seminal
fluid (1). To date, male factors account for almost
35% of couple infertility. As widely accepted,
sperm counts may vary among different ejaculates
according to several pathological conditions, lifestyle and exposure to pollutants (2). In this regard,
although well-known diseases such as cryptorchidism, varicocele, hypospadias, testicular tumors,
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terations can cause azoospermia and/or oligozoospermia, iatrogenic risk factors may also play a
detrimental role in male fertility. Several “acute”
pharmacological treatments, as antibiotics, could
cause subclinical and temporary reduction of male
fertility; conversely, long-term medical treatment
may severely affect male fertility, although this effect could be considered transient in most of the
cases. Thus, nowadays, several long-term pharmacological treatments may represent a clinical challenge. To the best of our knowledge, association
between several kind of antihypertensive drugs and
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reduction of male fertility has been showed in the
mouse model (3-5), although the modification(s)
which may alter this fine-regulated machinery
are still far to be elucidated and human data are
still lacking. Indeed, data from the following animal studies are not robust: several studies (6-8)
showed that verapamil, nimodipine, and lisinopril
worsen semen quality and testicular morphology,
while others (9, 10) have found that nifedipine and
lisinopril improve these parameters.
In this regards, Bechara et al. (11) have studied
the effects of an angiotensin-converting enzyme
(ACE) inhibitor (Enapril) on hypertension-induced
morphological changes in the testis and spermatozoid production in spontaneously hypertensive
rats. According to their data analysis, sperm concentration was greater in the treated group than in
the nontreated group, testicular vascular volumetric density decreased in the nontreated group and,
last but not least, volumetric density of the seminiferous epithelium in the treated group was higher than in the nontreated group. Although these
results could not be de facto translated in humans,
they have suggested a possible pivotal role of ACE
inhibitors as first-line treatment when fertility is
a relevant concern. Even if well-designed observational studies and randomized controlled trials
are needed to accurately define this association in
human model, daily clinical experience seems to
confirm that in case of antihypertensive therapy
with concomitant male infertility, the substitution
of the drug with another one which does not affect
semen parameters may improve male fertility.
In particular, beta blockers and calcium-channel
blockers (CCBs) seem to play a detrimental role
on male fertility, causing in several cases azoospermia and/or oligozoospermia. On the other
hand, inhibitors of the funny channel, such as oral
ivabradine, seem not to be associated with reduction of male fertility. In this regard, it was already
demonstrated in the mouse model that CCBs, like
amlodipine, can cause a reduction of testosterone,
luteinizing hormone (LH) and follicular stimulating hormone (FSH), leading to affect spermatogenesis and sperm parameters (12, 13). However,
these data do not seem to be surprising, since accumulating evidence have already suggested that
Ca2+ plays a prominent role during fertilization in
all animal species. On one hand, in mice, rats, pigs,
hamsters and bovines, extracellular Ca2+ is necesInt J Fertil Steril, Vol 10, No 3, Oct-Dec 2016
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sary for epididymal acquisition of sperm motility
(14-18).
Furthermore, it is known to regulate both activated and hyperactivated motility (19-21). In addition, flagellar motility is controlled by calcium
through the regulation of dynein-driven microtubule sliding and modulation of the sperm flagellar
waveform (22, 23). Finally, calcium has a pivotal
role during the acrosome reaction in invertebrates,
such as echinoderms, and superior vertebrates (24,
25). Also, in this case, although these data demonstrated that it does have a direct impact on humans,
they may underlie the possible detrimental effect
of calcium antagonists administered for hypertension on male fertility.

Conclusion
The average life expectancy is increasing and
even more older male patients refer to fertility
experts, the association between antihypertensive
therapy and male infertility is a growing area of
interest. Based on this scenario, we strongly solicit future human studies (both observational and
randomized clinical trials) on large cohorts and
with adequate statistical power which may show
this possible association and the effects (reversible
or permanent) of each drug. Furthermore, we suggest a close collaboration between general practitioners, cardiologists, and andrologists in order
to choose the most appropriate antihypertensive
therapy considering also patient’s reproductive desire and possible risk for his fertility.

Acknowledgements
The authors have no proprietary, financial, professional or other personal interest of any nature
in any product, service or company. The authors
alone are responsible for the content and writing
of the paper. There is no conflict of interest in this
article.

References
1.
2.
3.

4.

Winters BR, Walsh TJ. The epidemiology of male infertility. Urol Clin North Am. 2014; 41(1): 195-204.
Nudell DM, Monoski MM, Lipshultz LI. Common medications and drugs: how they affect male fertility. Urol Clin
North Am. 2002; 29(4): 965-973.
Dantas da Silva Júnior E, Palmieri de Souza B, Rodrigues
JQD, Caricati-Neto A, Jurkiewicz A, Jurkiewicz NH. Effects of clonidine in the isolated rat testicular capsule. Eur
J Pharmacol. 2014; 726: 16-26.
Leal MC, Pinheiro SV, Ferreira AJ, Santos RA, Bordoni

Male Infertility during Antihypertensive Therapy

5.

6.

7.
8.

9.

10.
11.

12.

13.
14.

LS, Alenina N, et al. The role of angiotensin-(1-7) receptor
Mas in spermatogenesis in mice and rats. J Anat. 2009;
214(5): 736-743.
Latif R, Lodhi GM, Aslam M. Effects of amlodipine on serum testosterone, testicular weight and gonado-somatic
index in adult rats. J Ayub Med Coll Abbottabad. 2008;
20(4): 8-10.
Juneja R, Gupta I, Wali A, Sanyal SN, Chakravarti RN,
Majumdar S. Effect of verapamil on different spermatozoal
functions in guinea pigs--a preliminary study. Contraception. 1990; 41(2): 179-187.
Saha L, Bhargava VK, Garg SK, Majumdar S. Effect of
nimodipine on male reproductive functions in rats. Indian
J Physiol Pharmacol. 2000; 44(4): 449-455.
Saha L, Garg SK, Bhargava VK, Mazumdar S. Role of
angiotensin-converting enzyme inhibitor, lisinopril, on
spermatozoal functions in rats. Methods Find Exp Clin
Pharmacol. 2000; 22(3): 159-162.
Akagashi K, Kumamoto Y, Itoh N, Tsukamoto T, Suzuki
T, Ohta Y. Manidipine improves spermatogenesis in the
stroke-prone spontaneously hypertensive rat. J Androl.
1997; 18(2): 210-216.
Okeahialam BN, Amadi K, Ameh AS. Effect of lisnopril, an
angiotensin converting enzyme (ACE) inhibitor on spermatogenesis in rats. Arch Androl. 2006; 52(3): 209-213.
Bechara GR, de Souza DB, Simoes M, Felix-Patrício B,
Medeiros JL, Costa WS, et al. Testicular morphology and
spermatozoid parameters in spontaneously hypertensive
rats treated with enalapril. J Urol. 2015; 194(5): 14981503.
Almeida SA, Teófilo JM, Anselmo Franci JA, Brentegani
LG, Lamano-Carvalho TL. Antireproductive effect of the
calcium channel blocker amlodipine in male rats. Exp
Toxicol Pathol. 2000; 52(4): 353-356.
Latif R, Aslam M, Mehmood T. Spermatogenesis following
discontinuation of calcium channel blocker amlodipine in
rats. J Ayub Med Coll Abbottabad. 2009; 21(1): 25-27.
Morton B, Harrigan-Lum J, Albagli L, Jooss T. The activation of motility in quiescent hamster sperm from the

15.

16.
17.
18.

19.
20.
21.
22.

23.
24.
25.

epididymis by calcium and cyclic nucleotides. Biochem
Biophys Res Commun. 1974; 56(2): 372-379.
Morton BE, Sagadraca R, Fraser C. Sperm motility within
the mammalian epididymis: species variation and correlation with free calcium levels in epididymal plasma. Fertil
Steril. 1978; 29(6): 695-698.
Davis BK. Effect of calcium on motility and fertilization by
rat spermatozoa in vitro. Proc Soc Exp Biol Med. 1978;
157(1): 54-56.
Yanagimachi R. Acceleration of the acrosome reaction
and activation of guinea pigs spermatozoa by detergents
and other reagents. Biol Reprod. 1975; 13(5): 519-526.
Babcock DF, First NL, Lardy HA. Action of ionophore
A23187 at the cellular level. Separation of effects at the
plasma and mitochondrial membranes. J Biol Chem.
1976; 251(13): 3881-3886.
Tash JS, Means AR. Ca2+ regulation of sperm axonemal
motility. Methods Enzymol. 1987; 139: 808-823.
Lindemann CB, Goltz JS. Calcium regulation of flagellar
curvature and swimming pattern in triton X-100--extracted
rat sperm. Cell Motil Cytoskeleton. 1988; 10(3): 420-431.
Ho HC, Granish KA, Suarez SS. Hyperactivated motility of
bull sperm is triggered at the axoneme by Ca2+ and not
cAMP. Dev Biol. 2002; 250(1): 208-217.
Suarez SS, Varosi SM, Dai X. Intracellular calcium increases with hyperactivation in intact, moving hamster
sperm and oscillates with the flagellar beat cycle. Proc
Natl Acad Sci USA. 1993; 90(10): 4660-4664.
Gross MK, Toscano DG, Toscano WA Jr. Calmodulin-mediated adenylate cyclase from mammalian sperm. J Biol
Chem. 1987; 262(18): 8672-8676.
Blackmore PF. Extragenomic actions of progesterone in
human sperm and progesterone metabolites in human
platelets. Steroids. 1999; 64(1-2): 149-156.
Florman HM, Corron ME, Kim TD, Babcock DF. Activation
of voltage-dependent calcium channels of mammalian
sperm is required for zona pellucida-induced acrosomal
exocytosis. Dev Biol. 1992; 152(2): 304-314.

Int J Fertil Steril, Vol 10, No 3, Oct-Dec 2016

269

