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Abstract: Introduction: Infertility issues in men with sickle cell disease (SCD) have been studied more frequently 
than those in women. Semen analysis of men with SCD often shows sperm abnormalities in up to 91%. No such 
study has been conducted in India so far, and Chhattisgarh being a state with a high incidence of male infertility as 
well as SCD, this study holds significance. Objectives: 1. To identify whether male patients attending All India Insti-
tute of Medical Sciences Outpatient Department with SCD have abnormal testosterone and/or poor semen quality. 
2. Counseling of infertile male patients with SCD regarding future childbearing, prognosis, fertility preservation, and 
management options. Methods: This study was an age-matched case-control study; 58 participants of age between 
18-45 years were assigned in each group. Results: The sperm count was higher in HbSS, while volume and pH 
were greater in HbAA. However, no significant difference (P>0.05) was found in total motility or progressive motility. 
A highly significant difference (P<0.001) was observed in pH, sperm count, total motility, and normal morphology. 
There was a significant difference (P=0.005) in volume. The values of the HbSS subjects were higher than the stan-
dard reference values. The values of the HbAA subjects were higher than the standard reference value. However, 
no significant difference (P>0.05) was found in sperm count or vitality. Conclusion: Men in Chhattisgarh with SCD 
do not suffer from any reproductive disorders such as delayed sexual maturity, low serum testosterone, poor semen 
quality,or hypogonadism.
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Introduction

Sickle cell disease (SCD) is an autosomal re- 
cessive genetic disorder marked by defective 
hemoglobin (Hb) synthesis, which leads to the 
production of abnormal sickle hemoglobin 
(HbS). The combination of a sickle β globin 
gene and a normal (HbAS) gene results in sickle 
cell trait, with no resultant anemia [1]. Infertility 
issues in men with SCD have been studied 
more frequently than those in women. Semen 
analysis of men with SCD often shows sperm 
abnormalities in as many as 91% [2]. Infertility 
in men with SCD can be due to hypogonadi- 
sm, erectile dysfunction (ED), priapism, sperm 
abnormalities, or impaired sexual development 
[3, 4]. Sexual maturation is usually normal in 
men with SCD, but 24% of such men may de- 

velop hypogonadism, which can lead to insuffi-
cient testosterone production, infertility, ED, 
and poor libido [5, 6]. A study on children with 
SCD reported that gonadal function was de- 
pressed in the first decade of life, leading to 
delayed sexual maturation [6]. Another study 
also observed delayed sexual maturation in 
children with SCD [7]. Sperm abnormalities  
can be due to primary testicular failure marked 
by low levels of testosterone [8]. Gonadal dys-
function may result from the vaso-occlusion  
of hypothalamic-pituitary blood vessels, which 
leads to low serum gonadotropin (follicle stimu-
lating hormone [FSH], luteinizing hormone [LH], 
and prolactin) and, consequently, low testoster-
one (secondary hypogonadism) as observed by 
Dada & Nduka. [9]. Vaso-occlusion of the tes-
ticular vessels may cause target organ failure 
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owing to low testosterone and high gonado- 
trophin (primary hypogonadism), resulting in a 
normal semen analysis report with normal tes-
tosterone, FSH, and LH levels [10, 11]. Vaso-
occlusion may affect all levels of the hypo- 
thalamic-pituitary-testicular axis, producing a 
complex of pituitary-testicular failure. Low 
sperm density, low sperm count, poor motility, 
low ejaculate volume, and increased abnor- 
mal morphology occurred more frequently in 
men with SCD than in the controls [12, 13]. 
India has nearly 20 million people with SCD, 
which is highly prevalent in Central India, with 
predicted frequencies of up to 10% [14]. The 
highest frequency of sickle cell gene in India 
has been reported in Orissa, followed by As- 
sam, MP, UP, Tamil Nadu, and Gujarat [15]. 
Central India is a focus of SCD, with average 
sickle cell gene frequency in the form of sickle 
cell trait found in 9.30% and SS phenotype 
(SCD) in 0.21% of the population of Chhattis- 
garh (Central India) [16]. No such study has 
been conducted in India so far, and those per-
formed outside the country have come up with 
varied results. While medical advances are im- 
proving the quality of life of affected individu-
als, enhancing their rate of survival, and reduc-
ing the disease-related morbidity, reproduc-
tion-related issues among patients with SCD 
warrant attention. Although men with SCD can 
have multifactorial etiologies for their impaired 
fertility, such as sperm abnormalities, ED, hypo-
gonadism, and the effect of therapy on sperm 
function, the focus of this research is to identify 
the correlation, if any, among SCD, serum tes-
tosterone level, and semen quality. This knowl-
edge is necessary for better counseling, guid-
ance, management, treatment, and monitor- 
ing of infertile men with SCD. Moreover, no 
such study has been performed in India so far, 
and Chhattisgarh being a state with a high in- 
cidence of male infertility as well as SCD, this 
study holds significance.

Objective

Primary Objective: To identify whether male 
patients attending All India Institute of Medi- 
cal Sciences Outpatient Department with SCD 
have abnormal testosterone and/or poor se- 
men quality.

Secondary Objective: Counseling of infertile 
male patients with SCD regarding future child-

bearing, prognosis, fertility preservation, and 
management options.

Methods

This study was an age-matched case-control 
study.

Fifty-eight participants in the age group of 
18-45 years were recruited in each group us- 
ing the following formula: sample size n = [Np 
(1-p)]/[(d2/Z21-α/2*(N-1) + p*(1-p)] (approx.) = 
58 in each group.

Z1-α/2 = 1.96 at 95% confidence interval.

Population size (No. of sickle cell positive male 
patients reporting to the hospital in 1 year) N 
(approximately) = 100.

Prevalence of sickle cell gene in Central India 
[17] p=9.5%.

Confidence limits (d) = 5%.

The subjects were apparently healthy married 
or unmarried men with positive homozygous/
heterozygous sickling test using sodium meta- 
bisulphite, who were in a stable state.

Controls werehealthy married or unmarried 
HbAA control groups.

Exclusion criteria for both cases and controls

● Participants with homozygous SCD who were 
not in a steady-state.

● Participants on particular drugs such as che-
motherapeutic agents, anabolic steroids, 
cimetidine, spironolactone, phenytoin, sul-
fasalazine, or nitrofurantoin, which might affect 
the serum testosterone assay or semen 
quality.

● Participants with any apparent medical disor-
ders such as diabetes mellitus, hypertension, 
and rheumatoid arthritis and those who had 
undergone surgical procedures that might 
directly or indirectly hamper the semen quality.

● Participants with a history of recent or chron-
ic alcohol consumption and smoking. 

● Participants with azoospermia. 
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Table 1. Comparison of semen characteristics between HbSS and HbAA

Semen characteristics
HbSS subjects HbAA subjects

t value P-value
Mean SD Mean SD

Physical examination Volume, ml 1.90 1.05 2.68 1.13 -3.81 0.01*

Reaction (pH) 8.06 0.45 8.26 0.46 -2.33 0.01*

Microscopic examination Total sperm count 57.60 38.23 39.75 28.13 2.86 0.01*

Total motility 58.73 25.99 62.12 26.47 -0.69 0.54
Progressive motility 35.82 27.18 52.62 25.55 -3.42 0.35

Vitality 59.32 28.40 62.12 26.47 -0.50 0.53
Morphology Normal morphology 78.27 20.25 79.82 10.55 -0.45 0.07

Abnormal morphology 16.55 9.23 20.17 10.55 -2.23 0.74
Independent t test. *P<0.05: significant difference.

Values tested and method used for testing

Sickling: Blood sample of 3 ml, collected in  
ethylenediaminetetraacetic acidvacutainer tu- 
be, was analyzed for a routine blood count 
using Sysmex XN 1000 Hematology analyzer. 
The same sample was examined for hemoglo-
bin variant on a Bio-Rad D10 HPLC instrument 
as per the standard conditions specified by the 
manufacturer.

Semen analysis: The semen samples were col-
lected in a private room near the pathology 
laboratory after a minimum of 2 days and a 
maximum of 7 days of sexual abstinence. The 
collected samples were analysed for volume, 
concentration, motility, vitality, and morphology 
and were reported as per the World Health 
Organization 2010 guidelines [18].

Serum testosterone: Serum testosterone an- 
alysis was performed by chemiluminescence 
two-step sandwich immunoassay on Advia 
Centaur XP. This method involved a competi- 
tive immunoassay using direct chemilumines-
cent technology. Testosterone present in the 
serum sample competes with acridinium ester-
labeled testosterone in the Lite Reagent for a 
limited amount of polyclonal rabbit anti-testos-
terone antibody bound to monoclonal mouse 
anti-rabbit antibody, which is coupled to pa- 
ramagnetic particles in the solid phase. The 
assay employs a testosterone releasing agent 
to release the bound testosterone from the 
endogenous binding proteins in the sample. 

Statistical analysis: Statistical analysis was 
carried out using statistical packages for SPSS 
16.0 for Windows (SPSS Inc., Chicago, IL, USA). 
The continuous variables were expressed as 

mean ± standard deviation. An independent 
samples t-test was applied to compare age, 
testosterone, and semen characteristics bet- 
ween the two groups, namely, HbSS subjects 
and HbAA subjects. One-sample t-test was 
applied to compare the semen characteristics 
of HbSS and HbAA with the standard referen- 
ce value. Two-sided p values were considered 
significant at P<0.05.

Results

Table 1 shows the presence of a significant dif-
ference in volume (p=0.02), pH (p=0.01), and 
total sperm count (p=0.01) of the semen 
between the two groups. The sperm count was 
higher in HbSS, while volume and pH were 
greater in HbAA. However, no significant differ-
ence (P>0.05) was found in total motility, pro-
gressive motility, vitality, normal morphology, 
and abnormal morphology of the semen.

Table 2 compares the semen characteristics  
of HbSS to the standard reference value. A 
highly significant difference (P<0.001) was ob- 
served in pH, sperm count, total motility, and 
normal morphology. There was a significant dif-
ference (P=0.005) in volume. The values of the 
HbSS subjects were higher than the standard 
reference value. Nonetheless, no significant 
difference (P>0.05) was seen in progressive 
motility and vitality.

Table 3 compares the semen characteristics  
of HbAA with the standard reference value. A 
highly significant difference (P<0.001) was per-
ceived in volume, pH, total motility, progressive 
motility, and normal morphology. The values of 
the HbAA subjects were higher than the stan-
dard reference value. However, no significant 
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Table 2. Comparison of semen characteristics of HbSS with normal reference value

Semen characteristics
HbSS subjects

Reference value t value P-value
Mean SD

Volume, ml 1.90 1.05 1.5 2.91 0.005*
pH 8.06 0.41 7.2 16.02 <0.001**
Sperm count 57.6 38.23 39 3.706 <0.001**
Total motility 58.73 25.99 40 5.44 <0.001**
Progressive motility 35.82 27.18 32 1.07 0.28
Vitality 59.32 28.40 58 0.41 0.68
Normal morphology 78.27 20.25 4 27.51 <0.001**
* not significant; ** Highly significant.

Table 3. Comparison of semen characteristics of HbAA men with normal reference values

Semen characteristic
HbAA subjects

Reference value t value P-value
Mean SD

Volume, ml 2.68 1.13 1.5 7.95 <0.001**
pH 8.26 0.46 7.2 17.63 <0.001**
Sperm count 39.75 28.13 39 0.20 0.83
Total motility 62.12 26.47 40 6.65 <0.001**
Progressive motility 52.62 25.55 32 6.14 <0.001**
Vitality 62.12 26.47 58 1.18 0.24
Normal morphology 79.82 10.55 4 54.72 <0.001**
** Highly significant.

difference (P>0.05) was found in sperm count 
and vitality.

Discussion

The prevalence of sickle cell disease (SCD) in 
Chhattisgarh is about 9.5%-10.5%, affecting 
approximately 2.5 million individuals in the 
state. SCD is an inherited hematologic disor-
der; approximately 99.5% of the affected indi-
viduals have the sickle cell trait and 0.5% has 
SCD [19, 20]. The rate of childlessness in In- 
dia is around 2.5% as per the National Family 
Health Survey-3 data [21]. Chhattisgarh is one 
of the most impoverished states in the country, 
with limited medical facilities and a high preva-
lence of illiteracy, ignorance, and superstition. 
A sound understanding of the effects of SCD is 
essential for better counseling and manage-
ment of male infertility in this region [22].

Many studies have been performed on men 
with SCD, which have shown the presence of 
delayed sexual development, poor semen qu- 
ality, hypogonadism, low serum testosterone 
level, and ED. These issues could be attribut- 
ed to various proven and unproven causes [23, 
24]. Less is known about the etiology and pa- 

thophysiologic mechanism of infertility in men 
with SCD. All studies conducted to date, thou- 
gh limited in number, have observed that men 
with SCD exhibit impaired fertility as their 
semen analysis values, including sperm count, 
ejaculate volume, sperm motility, sperm densi-
ty, and normal sperm morphology were signifi-
cantly impaired when compared with those of 
the controls. Besides, reduced serum testos-
terone concentration has been observed in 
patients seeking infertility treatment. Still, mu- 
ch less is known about the etiology and patho-
physiologic mechanism of infertility in males 
with sickle cell disorder.

All studies to date, though limited in number, 
observed that male patients with SCD had 
impaired fertility as their semen analysis re- 
port comprising sperm count, ejaculate vol-
ume, sperm motility, sperm density, and normal 
sperm morphology showed impairment when 
compared to the controls along with reduced 
serum testosterone concentration in patients 
seeking infertility treatment [25].

In contrast to the results of the above-men-
tioned studies, there was no significant differ-
ence in mean age and testosterone level bet- 
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ween the two groups. Instead, the sperm count 
was higher in HbSS and volume and pH were 
greater in HbAA. No significant difference 
(P>0.05) was found in total motility, progres-
sive motility, vitality, normal morphology, or ab- 
normal morphology of the semen. When com-
pared to the standard reference range, the val-
ues were significantly higher in both the groups, 
suggesting that SCD has not affected the 
semen quality of the men in Chhattisgarh. Te- 
stosterone level was also unaffected, and none 
of the men complained of ED or loss of libido. 
Furthermore, no patient with SCD exhibited 
delayed sexual maturity. The patients selected 
for this study were not receiving any long-term 
treatment for SCD. Hence, they could possibly 
have been spared from the cytotoxicity and 
other adverse effects of the drugs used for 
therapy.

Conclusion

Our study clearly shows that men in Chhattis- 
garh with SCD did not suffer from any reproduc-
tive disorders such as delayed sexual maturity, 
low serum testosterone, poor semen quality,  
or hypogonadism. However, further large-scale 
prospective studies are needed to identify the 
pathophysiologic mechanism of fertility impair-
ment in men with SCD.
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