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Abstract
Idiopathic male infertility (IMI) remains challenging as the etiology of semen abnormalities is still unidentified. Sperm DNA 
fragmentation (SDF) has been suggested as a potential mechanism. Oral antioxidants including selenium have been tried for 
IMI with variable results. This study was undertaken to explore the effect of selenium therapy on semen parameters, antioxidant 
capacity, and SDF in infertile patients with idiopathic oligoasthenoteratospermia (OAT). Sixty-five infertile men with idiopathic 
OAT and fifty fertile controls were included in this prospective clinical study. Patients received selenium (200 μg/day) orally 
for 6 months. Seminal fluid parameters (WHO 5th criteria), total antioxidant capacity (TAC), catalase (CAT), and seminal SDF 
levels were assessed for all participants at the start of the study and after 6 months. Sperm concentration (P < 0.001), progressive 
motility (P < 0.001), and total motility (P < 0.01) significantly increased in patients after selenium therapy. Seminal TAC and 
CAT increased in patients post-therapy as compared to baseline values (P < 0.01). SDF levels significantly decreased (P < 0.001) 
in patients following selenium treatment in comparison to baseline values. SDF levels also correlated negatively with sperm pro-
gressive motility (r =  − 0.44, P = 0.003) and total motility (r =  − 0.48, P = 0.001). In conclusion, selenium therapy (200 μg/day) 
for 6 months increases sperm concentration, motility, seminal antioxidant capacity, and reduces SDF in patients with idiopathic 
OAT. Thus, selenium could be a promising therapy for men with IMI and may boost their fertility and fertility treatment outcomes.
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Introduction

Infertility is a worldwide medical condition with medical, 
psychological, and social implications. The prevalence of 
infertility is increasing and affecting approximately 12% 
of couples [1]. Male factor accounts for 40–50% of infer-
tility cases [2]. The combination of sperm concentration, 
motility, and normal morphology below the reference val-
ues is referred to as oligoasthenoteratospermia (OAT). 
The exact mechanisms of male infertility remain uniden-
tified. Several anatomical, endocrine, microbiological, 
genetic, systemic, and environmental contributing fac-
tors have been identified [3]. However, in approximately 
20–25% of cases, the etiology of semen abnormalities is 

unknown and is termed idiopathic male infertility (IMI) 
[4]. Growing evidence indicates that genetic, epigenetic, 
posttranslational modifications, oxidative stress (OS), and 
sperm DNA fragmentation (SDF) could be implicated in 
the development of IMI [5].

SDF is a key contributor to male infertility and is associ-
ated with IMI, recurrent pregnancy loss as well as the out-
comes of pregnancy and assisted reproductive techniques 
(ART) [6]. SDF could be attributed to abortive apoptosis, 
defective spermatogenesis, and OS [7]. OS is an imbalance 
between prooxidants production and endogenous antioxidant 
defense system. Excessive reactive oxygen species (ROS) 
levels adversely affect sperm function and fertilization [8]. 
While conventional semen analysis remains the primary 
test for male infertility assessment, it has many limitations 
including the inability to separate fertile from infertile men, 
the lack of assessment of sperm functions, and poor predic-
tion of ART outcomes [9]. These limitations have motivated 
the search for new and complementary diagnostic tools for 
the assessment of infertile men including sperm function 
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tests, OS markers, and SDF [10]. Different direct and indi-
rect tests have been established for the detection of SDF 
and the most widely used tests encompass Terminal deoxy-
nucleotidyl transferase dUTP nick end labeling (TUNEL), 
single-cell gel electrophoresis (comet), and sperm chromatin 
dispersion (SCD) tests [11].

Studies have reported increased SDF among men with 
infertility in comparison to fertile men [5, 12, 13]. SDF 
levels of more than 30% correlated negatively with male 
fertility potential [14]. A recent meta-analysis compared 
in vitro fertilization (IVF) and intracytoplasmic sperm injec-
tion (ICSI) success rates in men with variable SDF levels 
and demonstrated higher pregnancy rates in men with low 
SDF levels [15], but the influence of SDF on ICSI outcome 
remains controversial [16]. Therapies suggested reducing 
SDF levels encompass oral antioxidants, varicocelectomy, 
recurrent ejaculations with or without sperm selection 
techniques, and the use of retrieved sperm for ICSI [3, 17]. 
Treatment with individual or combined oral antioxidants has 
resulted in lower SDF levels in infertile men post-therapy 
[5, 10, 18]

Selenium is an essential dietary micronutrient and 
involved in several metabolic and reproductive functions 
including testosterone formation and is also an integral com-
ponent of sperm selenoproteins [19]. Selenoproteins have 
antioxidant and anti-inflammatory activities which protect 
against OS and SDF [20]. The main effect of selenium on 
the male reproductive system is mediated via selenoprotein 
P and phospholipid hydroperoxide glutathione peroxidase 
(PHGPx) [21]. The recommended dietary allowance in adult 
is 55 μg/day [22]. Selenium deficiency has been detected in 
20–40% of men with infertility [23]. Previous studies have 
reported improvement in sperm concentration, motility, and 
morphology in infertile men following selenium administra-
tion [24]. Another study has also demonstrated that selenium 
therapy protects sperm during cryopreservation and incuba-
tion in animal studies [25]. Therefore, this study was under-
taken to investigate the influence of selenium therapy on 
semen measures, antioxidant capacity and SDF in infertile 
men with idiopathic OAT and fertile controls. To the best of 
our knowledge, this study is the first to assess the influence 
of selenium therapy on SDF in patients with idiopathic OAT.

Materials and Methods

Patients

In this prospective controlled clinical study, sixty-five infer-
tile men with idiopathic OAT and fifty fertile healthy con-
trol subjects were included in the study (7 patients dropped 
out). The patients were recruited from Fertility Clinic, 
Hilla, Iraq, from August 2018 to January 2019. A dedicated 

questionnaire was used to collect data. Medical history, 
physical examination, and investigations were undertaken 
by a fertility specialist to exclude existing causes of OAT. 
Patients received selenium 200 μg/day (America Medic & 
Science, Washington USA) orally as a single dose for six 
months. For all participants, seminal fluid analysis (WHO 
2010 5th criteria) and SDF were assessed at baseline and 
after 6 months. We have used the selenium dose used in 
previous studies [26]. The calculation of sample size encom-
passed 80% power and 5% significance level and was esti-
mated to be 42 for each group to achieve the desired statisti-
cal power. Ethical acceptance was issued by the University 
of Babylon, Iraq, and consent was received before recruit-
ment (EC/9926).

Eligibility Criteria

Patients enrolled in the study had infertility of at least 
12 months. OAT was diagnosed when abnormal sperm 
concentration, motility, and morphology according to 
WHO 2010 5th criteria were identified in semen analysis 
[27]. Patients with varicocele, infection, scrotal injury or 
surgery, cryptorchidism, azoospermia, systemic illness, 
endocrine disease, smoking, alcohol, female pathology, and 
recent administration of antioxidants in the last 6 months 
were excluded. The control group should have fathered a 
child in the last 24 months with a normal semen analysis.

Semen Analysis

All the participants were instructed to follow the standard 
protocol for abstinence, semen sample collection, and deliv-
ery to the laboratory to minimize sample collection and han-
dling errors. Collection of semen samples was achieved by 
masturbation with sexual abstinence for 2 to 3 days, held 
at 37 °C for liquefaction, and then analyzed according to 
WHO guidelines 5th criteria [27]. All semen analyses were 
undertaken by the same researcher, and the average of two 
semen samples were collected at the start of the study and 
after 6 months was presented in the current study. OAT was 
defined as sperm concentration, motility, and morphology 
below 15 million/ml, 40%, and 4% respectively according to 
WHO guidelines. Samples that were delivered to the labora-
tory after more than 1 h of collection and incomplete sam-
ples, and samples with long abstinence were excluded from 
the study. All semen samples were processed and assessed 
within 1 h of delivery to the laboratory, and assessment con-
ditions were standardized for all semen analyses.

Total Antioxidant Capacity and Catalase Activity

Seminal plasma was obtained by centrifugation of semen sam-
ple at 3000 rpm for 5 min and stored at − 20 °C. A colorimetric 
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method was applied to assess TAC using the total antioxidant 
capacity assay kit (#E-BC-K136; Elabscience, Houston, TX, 
USA). Seminal plasma CAT activity was assessed using a CAT 
assay kit (#E-BC-K031, Elabscience). The tests were performed 
following the recommended protocol of the manufacturer.

Sperm Chromatin Dispersion Test

Sperm chromatin dispersion (SCD) was tested using the 
Halosperm kit (Halotech DNA, Madrid, Spain). Following 
acid denaturation and removal of nuclear proteins, sperm 
with fragmented DNA demonstrated a halo in contrast to 
sperm without DNA fragmentation which showed no halo. 
Bright-field microscopy with Diff-Quik staining was used to 
assess sperm with SDF. SDF level, defined as the percent-
age ratio of sperm with SDF to the total spermatozoa, was 
calculated using previously published methods [10, 28].

Statistical Analysis

Statistical analysis was accomplished with SPSS (v.24). The 
results were described as mean ± standard deviation. The 
normality of data was assessed using Kolmogorov–Smirnov 
test. Unpaired and paired t tests were used to compare means 
for normally distributed data. Mann–Whitney and Wilcoxon 
signed-ranked tests were used to compare means for non-
normally distributed data. Correlations between seminal 
parameters and SDF were estimated using Spearman’s cor-
relation coefficient. P value below 0.05 was adopted as the 
level for statistical significance.

Results

In this study, sperm concentration significantly increased 
(P < 0.001) in patients with idiopathic OAT following 
6 months of selenium therapy as compared to baseline 

(Table 1). Sperm progressive motility and total motil-
ity also increased significantly in patients post-therapy 
(P < 0.001, P < 0.01 respectively). Seminal TAC and CAT 
activity significantly increased in patient following sele-
nium therapy as compared to baseline (P < 0.01, P < 0.01 
respectively) (Table 2). SDF percentage was significantly 
higher in patients group as compared to fertile controls 
(P < 0.001). In addition, SDF levels, there was a signifi-
cant decrement in SDF levels in patients following sele-
nium treatment (P < 0.001). The levels of SDF correlated 
significantly and inversely with sperm progressive motil-
ity (r =  − 0.44, P = 0.003) and total motility (r =  − 0.48, 
P = 0.001) (Table 3).

Discussion

Infertility is a global health problem and the number of cou-
ples presenting to fertility clinics is increasing. In addition to 
its physical impact, infertility imposes negative influences on 

Table 1   Patients and controls 
demographics and semen 
parameters

† vs. patients’ baseline, P < 0.01
‡ vs. patients’ baseline, P < 0.001
* vs. controls, P < 0.001

Fertile controls 
(n = 50)

Infertile patients

Before selenium therapy 
(n = 65)

After selenium 
therapy (n = 65)

Age (years) 38.4 ± 10.1 35.2 ± 12.5
Infertility duration (years) 8.4 ± 6.1
Volume (ml) 3.4 ± 1.2 3 ± 1.4 3.2 ± 1.5
Concentration (million/ml) 62.5 ± 30.8 11.3 ± 3.6* 15.4 ± 7.2*‡
Progressive motility (%) 55.7 ± 20.1 20.4 ± 9.2* 35.9 ± 16.6*‡
Total motility (%) 62.2 ± 18.4 29.3 ± 8.5* 37.5 ± 18.3*†
Normal morphology (%) 9.5 ± 4.6 2.2 ± 1.6* 2.6 ± 2.1*

Table 2   Oxidative stress markers and sperm DNA fragmentation in 
patients and controls before and after selenium therapy

† vs. patients’ baseline, P < 0.01
‡ vs. patients’ baseline, P < 0.001
* vs. controls, P < 0.001

Fertile con-
trols (n = 50)

Infertile patients

Before selenium 
therapy (n = 65)

After selenium 
therapy (n = 65)

Total antioxidant 
capacity (TAC) 
(mmol/L)

1.74 ± 0.26 0.95 ± 0.66* 1.23 ± 0.61*†

Catalase (U/mL) 13.9 ± 2.8 9.5 ± 2.5* 11.1 ± 2.34*†
Sperm DNA 

fragmentation 
(SDF)(%)

16.2 ± 4.9 40.5 ± 8.3* 32.7 ± 9.4*‡
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the psychological, social, and financial aspects of the affected 
couples. Infertility also increases the burden on the healthcare 
system due to costly and long-term investigations and interven-
tions including ART. Male factor contributes to approximately 
half of infertility cases. While some contributing factors for 
male infertility have been identified such as genetic, anatomi-
cal and endocrine diseases, the exact underlying mechanisms 
for IMI remain to be elucidated. Genetic, OS, and SDF have 
been suggested as possible mechanisms that contribute to IMI 
[29]. OS imposes adverse effects on sperm function as sperm 
membranes are characterized by the abundance of polyun-
saturated fatty acids which represent a target for ROS-induced 
damage. OS attacks not only the sperm membrane but also the 
sperm DNA leading to SDF and impaired fertilization ability 
of sperm [30]. Therefore, SDF has been proposed as a new 
marker for male fertility that facilitates the assessment of male 
infertility in the clinical setting, guides the management, and 
provides prognostic data on the treatment outcomes. Selenium 
is a key player in many biological processes including sper-
matogenesis. Further, IMI represents a challenge for scientists 
and clinicians as the exact underlying mechanisms for IMI are 
unknown, and different therapies including selenium have been 
tried with variable success [3].

In the current study, selenium therapy for 6 months increased 
sperm concentration, and motility in patients with idiopathic 
OAT. Studies on the impact of selenium therapy on semen 
parameters in patients with idiopathic OAT are limited. Our 
findings are consistent with a study on infertile patients with 
asthenoteratospermia (AT) who received selenium (83 μg/day) 
for 6 months and demonstrated higher sperm concentration, 
motility, and normal morphology in comparison to baseline 
[1]. Similarly, increased sperm concentration, motility, normal 
morphology, and vitality following selenium therapy (59 μg/
day) in infertile men for 3 months [31]. In a study on infertile 
patients with idiopathic AT, the administration of selenium 
(200 μg/day) and vitamin E (400 U/day) for 100 days resulted 
in an increment in sperm motility or morphology or both [19]. 
Recently, a controlled study on 60 patients with AT demon-
strated a decrement in sperm apoptosis and increased sperm 
motility and viability following the administration of a similar 
combination of selenium and vitamin E [23].

Serum and semen selenium deficiency has been dem-
onstrated in men with IMI [32]. Studies have also investi-
gated the influence of selenium in combination with other 
oral antioxidants and reported an increment in one or more 

semen measures [3, 33–37]. However, there is a lack of 
consensus on the type of oral antioxidant, dose, duration of 
therapy, and the use of single or antioxidants combination 
in men with IMI. Our findings are congruent with previous 
studies which have reported an increased OS and reduced 
seminal antioxidant markers including TAC and CAT in 
men with IMI as compared to fertile controls [5, 12]. Pre-
vious studies have also illustrated increased seminal anti-
oxidant capacity following antioxidant therapy [8, 10, 12, 
18, 38]. In a study that has explored the impact of in vitro 
selenium treatment on semen quality in men with AT, sperm 
motility, and viability were increased and malondialdehyde 
levels were reduced [25]. In a recent study, the impact of 
selenium therapy (200 μg) and vitamin E (400 units) daily 
for 3 months resulted in a decrement in sperm apoptosis 
and superoxide level [23]. The increment in TAC and CAT 
activity demonstrated in the current study could be attrib-
uted to reduced ROS, OS, the antioxidant characteristics of 
selenium, and its influence on PHGPx and selenoprotein P.

In this study, the SDF level was higher in patients as com-
pared to fertile controls and was reduced following selenium 
therapy for 6 months. In addition, there were significant and 
inverse correlations between SDF levels and sperm progres-
sive and total motility. Studies on the impact of selenium on 
SDF in patients with idiopathic OAT are scarce. Recently, 
a study investigated the effect of selenium treatment for 
6 months on semen parameters and SDF in men with aut-
ouimmune thyroiditis and illustrated an increment in all 
semen measures and a reduction in SDF levels as compared 
to pre-treatment values [1]. Another study investigated the 
influence of in vitro selenium treatment on semen measures, 
SDF, and mitochondrial membrane potential using different 
incubation times [25]. The study demonstrated higher sperm 
motility and mitochondrial membrane potential as well as 
lower SDF levels post-treatment.

The effectiveness of other oral antioxidants such as coen-
zyme Q10, vitamin C, E, B12, zinc, and l-carnitine on SDF 
in infertile men has also been reported in other studies. In 
previous papers, we have reported a decrement in SDF levels 
following coenzyme Q10 treatment (200 mg/day) for three 
months in patients with idiopathic OA and OAT in compari-
son to fertile controls [10, 39]. The levels of SDF also cor-
related with semen parameters, OS markers, and predicted 
pregnancy outcomes in men with IMI [40]. Other studies have 
reported similar effects for coenzyme Q10 on SDF values 

Table 3   Correlations between 
sperm DNA fragmentation and 
semen parameters in patients 
after selenium therapy

r, Spearman’s correlation coefficient

Concentration Progressive motility Total motility Normal morphology

(r) P (r) P (r) P (r) P
Sperm DNA 

fragmentation
 − 0.18 (0.31)  − 0.44 (0.003)  − 0.48 (0.001)  − 0.27 (0.08)
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[41–43]. Combined antioxidants containing selenium, vitamin 
C, E, B12, zinc, and l-carnitine have been also used to reduce 
SDF levels in infertile men but the results were inconsistent 
[33, 44–46]. In a study on 20 infertile men with idiopathic AT 
who received a combination of oral antioxidants for 3 months, 
there were a reduction in SDF level as well as an improve-
ment in sperm concentration and motility post-therapy [44]. 
In contrast, treatment with combined oral antioxidants resulted 
in an unexpected increment in SDF in infertile men who had 
at least two previous failures of IVF or ICSI [47]. High SDF 
levels are associated with male infertility, recurrent pregnancy 
loss, reduced pregnancy rate, and poor ART outcomes [30].

Previous studies have demonstrated a link between SDF 
level, ROS, and OS. In addition, selenium plays a role in 
the synthesis of RNA [48]. Therefore, the reduction of SDF 
levels observed in this study could be due to reduced OS, 
enhanced antioxidant enzyme activity, and the antioxidant 
and anti-inflammatory properties of selenium. The routine 
use of SDF test in the assessment of male infertility has not 
been recommended yet. However, some studies have rec-
ommended the use of SDF test in selected patients groups. 
Further, several clinical indications for SDF test in patients 
with infertility have been published [30]. High SDF levels 
are not only associated with reduced fertility and impaired 
sperm function but also with recurrent abortions and poor 
outcomes of infertility treatment including ART. In addition, 
increased SDF could be associated with increased rates of 
tumors and inherited diseases in the newborns [7]. There-
fore, the reduction of SDF levels observed in our study could 
have beneficial effects for infertile men and their offspring.

Our study has some limitations. Dietary assessment of 
selenium and serum level of selenium were not explored 
although dietary studies are limited by the complex nature 
of food and recall bias. The pregnancy rate was also not 
included in this study due to time constraints of the follow-up 
but the primary endpoint for the study was the improvement 
in semen parameters and SDF level. Finally, the participants 
were selected from a single geographical area and therefore, 
the findings of the current study cannot be generalized to all 
areas worldwide. Additional large, multi-center studies are 
warranted to augment the evidence presented in this paper.

Conclusion

Treatment of infertile men with idiopathic OAT with selenium 
(200 μg/day) for 6 months improves sperm concentration, 
motility, seminal TAC, CAT, and reduces SDF level. There-
fore, selenium therapy could be a promising therapy for infer-
tile men with IMI and may enhance their fertility potential.
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