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Abbreviations: SCD, sickle cell disease; RBC, red blood cell; 
VOC, vaso-occlusive crisis; RES, reticuloendothelial system; HU, 
hydroxyurea; ED, erectile dysfunction; FSH, follicle-stimulating; 
hormone; LH, luteinizing hormone

Introduction
Sickle cell disease (SCD) is an autosomal recessive genetic 

disorder marked by defective hemoglobin (Hb) synthesis, which leads 
to the production of abnormal sickle hemoglobin (HbS). HbS results 
from a single amino acid substitution, i.e., valine for glutamic acid 
at position 6, in the β globin gene. The disease results when both β 
globin genes are abnormal-either heterozygous (i.e., combined with 
other abnormal hemoglobin’s such as hemoglobin C [HbSC] or β 
thalassaemia [HbS-thal], or homozygous [HbSS]). The combination 
of a sickle β globin gene with a normal (HbAS) gene results in the 
sickle cell trait, with no resultant anemia.1

Under low oxygen concentrations, red blood cells (RBCs) that 
contain abnormal form become deformed (sickle shaped) and 
rigid. This impedes their ability to pass through microcirculation, 
with frequent clotting and thrombosis. The consequence of the 
obstruction is the production of ischemia and infarction. Infarcts are 
common in several organs and they are responsible for most clinical 
manifestations.2,3

SCD has the potential to affect several organs and systems. Acute 
vaso-occlusive crisis (VOC) is the most common and earliest clinical 
manifestation, which generally appears at pediatric age. Although it 
is usually the brain, lungs, bones and spleen which are affected, VOC 
could occur in any organ. Furthermore, anemia results from the rapid 

removal of abnormal cells by the reticuloendothelial system (RES), 
which reduces red cell life span.4,5

SCD affects millions of people across the world, and it is 
particularly common among people whose ancestors hail from sub-
Saharan Africa, Saudi Arabia, Spanish-speaking regions, India and 
the Mediterranean countries.6

Infertility is a major issue in patients diagnosed with SCD, and as 
medical advances enhance the quality of life, the issue of reproduction 
is and will remain the main concern. The disorder includes an array 
of complications which are relatively common, but data are limited. 
Furthermore, hydroxyurea (HU) therapy, the only therapy that was 
approved by US FDA in the year 1999, which aids in the prevention 
of vaso-occlusive pain in SCD has shown to contribute to decreased 
fertility in men afflicted with the condition.7 This review summarizes 
some factors that cause infertility in males with SCD. 

 Infertility in men with SCD
Infertility issues in men with SCD have been studied on a more 

frequent basis than in women. Infertility manifests due to multiple 
causes, including primary gonadal failure (hypogonadism), erectile 
dysfunction (ED) as a result of priapism, sperm abnormalities, and 
delayed or impaired sexual development.8 The ejaculate volume, 
sperm density, sperm motility, and normal sperm morphology were 
significantly reduced in these patients as compared with normal 
patients.9 Most importantly, primary testicular failure is marked by 
low levels of testosterone and infertility results mainly from diseases 
or conditions that affect and destroy the testis.10 The low levels 
of testosterone lead to fertility reduction, which is aggravated by 
impotence, secondary to earlier priapism.11
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Abstract

Patients with sickle cell disease (SCD), especially males, face a key problem in 
the form of infertility. Apart from low serum testosterone, abnormalities involving 
accessory sex organs are also observed in these patients. Infertility is a known 
complication among males with SCD, and it comes about due to reasons such as 
impotence, relative primary gonadal failure, priapism, and delayed or impaired sexual 
development. Infertility manifests due to multiple causes, including primary gonadal 
failure (hypogonadism), erectile dysfunction (ED) as a result of priapism, sperm 
abnormalities, and delayed or impaired sexual development. The ejaculate volume, 
sperm density, sperm motility, and normal sperm morphology were significantly 
reduced in these patients as compared with normal patients. Most importantly, 
primary testicular failure is marked by low levels of testosterone and infertility results 
mainly from diseases or conditions that affect and destroy the testis. The low levels of 
testosterone lead to fertility reduction, which is aggravated by impotence, secondary to 
earlier priapism. Studies among mice have shown that increased doses of HU increase 
testicular germ cell apoptosis, decrease sperm count, induce testicular atrophy, 
increase abnormal sperm morphology, and decrease sperm motility. A multifactorial 
etiology is responsible for impaired male fertility and it includes sperm abnormalities, 
ED, hypogonadism, and effect of therapy on sperm function. This paper summarizes 
some clinical manifestations which play an important role in the development of 
infertility among men with SCD. The author suggests that prospective studies among 
males with SCD should be carried out using various end points to determine cellular 
and functional impairment in fertility.
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Methods to treat hypogonadism are limited. Testosterone 
undecanoate injections12 and clomiphene13 have been utilized with 
variable results. Many patients treated with testosterone reported 
enhanced libido and decreased ED. Again, normal testosterone levels 
could not be sustained among many patients throughout the course of 
the (12 months) treatment.12

Hypogonadism 

Hypogonadism, a condition linked with infertility, poor 
testosterone production, poor libido and erectile dysfunction, develops 
in up to 24% of men with SCD.14 Patients show sparse facial, axillary 
and pubic hair and small testicular size. Laboratory findings reveal 
low testosterone levels with variable levels of follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH).15

The possible pathophysiologic mechanisms of hypogonadism are 
disruption in the hypothalamic-pituitary-gonadal axis, which leads 
to primary testicular failure,16,17 or secondary hypothalamic-pituitary 
dysfunction. 14,15,18,19

Sperm abnormalities

Sperm abnormalities are common in male patients with SCD; the 
rates being as high as 91%.20 Low sperm count, density, poor motility, 
and increased abnormal morphology are more commonly found in 
SCD subjects compared with normal subjects.21,22 Sperm abnormalities 
may be caused due to hypogonadism or testicular infarction, although 
abnormalities are reported even when FSH, LH, and testosterone are 
normal.23 Sperm abnormality is not inevitably linked to impaired 
fertility in these patients.22 Additional prospective studies are required 
to figure the clinical consequences of abnormal sperm analysis and its 
influence on the fertility of SCD patients.

Erectile dysfunction (ED)

With incidence rates in the range of 21%-35%, it can be said 
that ED occurs commonly among men afflicted with SCD.24,25,26 The 
etiology of ED is unclear; however, it is believed to be caused by 
largely recurrent or prolonged priapism. The management of ED, 
which is caused due to priapism, by way of penile implants, depends 
on the amount of penile tissue fibrosis. Penile implants are effective, 
but multiple complications could arise with their use.27,28 Therapeutic 
schemes to limit the length of priapism events and avoid priapism 
recurrences should be used.

Hydroxyurea (HU) and fertility in men with scd

Studies have shown that some of fertility issues emerge due to 
chronic medical therapies which are used to prevent or manage SCD-
related morbidity.29 Recent progress in SCD treatment, particularly 
with regard to the use of hydroxyurea (HU), has significantly improved 
the prognosis of patients with the condition.30,31 But more attention has 
been drawn toward the adverse effects of HU, with issues being raised 
about abnormal spermatogenesis and teratogenic effects. 

The theoretical risk of HU influencing sperm development lies 
in the fact that the drug is an antimetabolite. HU is a ribonucleotide 
reeducates inhibitor which acts as a S-phase-specific cytotoxic agent 
that impairs DNA synthesis.29 Its effects are short lived and cease to 
exist once the drug is removed. Therefore, once-daily administration 
of the drug has brief and intermittent cytotoxic effects on dividing 
cells.32

Studies among mice have shown that increased doses of HU 
increase testicular germ cell apoptosis, decrease sperm count, induce 
testicular atrophy, increase abnormal sperm morphology, and decrease 
sperm motility.29 Sickle-cell-transgenic mice have hypogonadism 
at baseline. After treatment with HU, the mice showed decreased 
testicular size and increased sperm abnormalities compared with 
normal mice.33

Sperm abnormalities, including azoospermia, oligozoospermia, 
increased morphologic abnormalities, and decreased motility, occur 
in men afflicted with SCD and receiving HU.20,34‒36 Whether these 
abnormalities are related to HU is not clear, but researchers opine that 
the length of HU therapy might correlate with the degree of sperm 
abnormalities.34,35

Yet, more research is required pertaining to the influence of HU 
on sperm production and male fertility. Careful monitoring of sperm 
abnormalities throughout the course of the therapy, with serial sperm 
analysis every 6-12 months has been recommended.32

Conclusion
While medical advances improving quality of life and rate of 

survival, and reducing disease-related morbidity, reproductive matters 
should take precedence among patients with SCD. A multifactorial 
etiology is responsible for impaired male fertility and it includes 
sperm abnormalities, ED, hypogonadism, and effect of therapy on 
sperm function. Prospective studies among males with SCD should 
be carried out using various end points to determine cellular and 
functional impairment in fertility. In addition, research studies are 
required to gain increased understanding of the relationship between 
hypogonadism, ED, sperm abnormalities, and male fertility. This is 
essential to better conduct management and therapy and involves 
monitoring the entire life span of the SCD patient as well as his HU 
therapy.
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