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MicroRNAs (miRNAs) are a class of small noncoding RNAs, 
approximately 19–23 nucleotides in length that regulate gene 
expression by inhibiting translation and reducing the stability of their 
target mRNAs.11 By affecting protein translation, miRNAs have been 
recognized as powerful regulators of key cellular processes such as 
proliferation, differentiation, and apoptosis.12 miRNAs play a vital role 
in the pathogenesis of many diseases, including various cancers and 
cardiovascular diseases.13–15 Recently, some studies have shown that 
biological fluids such as blood, semen, saliva, and vaginal secretions 
contain specific miRNAs.16–18 In addition, plasma and seminal plasma 
miRNAs are found to be very stable even under harsh conditions, such as 
boiling and high pH,19 making peripheral circulating miRNAs a potential 
new source of noninvasive biomarkers for cancer and other diseases.13,15,20

Studies have shown that the hypoxic environment in spermatogenic 
tissue caused by blood stasis in the testis is one of the most important 
causes of male infertility caused by varicocele.21,22 The stable expression 
of miR-210-3p in human hypoxic tissue can directly reflect the hypoxia 
of tissues and is an early biomarker for many tumor and nontumor 
diseases.13,14

In the present study, the aim was to evaluate the role of seminal 
plasma miR-210-3p in the impairment of semen quality caused by 
varicocele.

INTRODUCTION
Varicocele is defined as a collection of abnormally dilated and tortuous 
spermatic veins in the pampiniform plexus. In all adult males, the 
prevalence is approximately 15%.1 It is 35% in men with primary 
infertility and as much as 81% in men with secondary infertility.2 
Previous studies have shown that varicocele has a negative impact on 
semen quality, sperm function, testicular histology, and reproductive 
hormones.3–6 Varicocele is widely considered to be the most common 
correctable cause of male infertility.7,8

It is obviously irrational if all patients with varicocele are 
recommended for invasive treatment in order to protect their fertility 
unless there is evidence of varicocele affecting testicular development 
or semen quality.9 At present, the evaluation of testicular 
development and semen quality in clinical practice mainly depends 
on measuring testicular volume and semen analysis. However, 11.7% 
of varicocele patients who were excluded from other causes of male 
infertility were completely normal in testicular volume and semen 
quality.10 In other words, existing clinical examination methods do 
not provide accurate information for developing optimal treatment 
timing. Therefore, it is very necessary to find biomarkers that can 
effectively predict testicular development or semen quality damage 
caused by varicocele.
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PARTICIPANTS AND METHODS
Study design and participants
The study was conducted from March 2016 to November 2018. 
Potentially eligible participants in this study were recruited from Tianjin 
Medical University General Hospital and the Second Hospital of Tianjin 
Medical University (Tianjin, China) from March 2016 to November 
2016. They had to meet the following inclusion criteria: (1) clinical 
varicocele, (2) fertility needs, (3) normal ejaculation, (4) normal 
testicular volume and texture, and (5) normal semen quality. In order 
to eliminate interference from other factors that may affect the quality of 
semen, we had established the following exclusion criteria: (1) hormone 
disorder; (2) orchitis, epididymitis, or prostatitis; (3) testicular tumor, 
surgery, or trauma; (4) alcoholism or substance abuse; (5) occupational/
environmental exposure; and (6) severe concomitant diseases such 
as liver failure and uremia. Given the lack of evidence that the testis 
or semen quality was impaired by varicocele when diagnosed with 
varicocele, these patients were advised to be followed up regularly. 
The purpose of follow-up was to detect early damage to testicular and 
semen quality. The follow-up interval was 6 months, and the follow-up 
included physical examination, testicular evaluation, and semen quality 
assessment. We conducted a 2-year follow-up of all eligible patients. 
Patients with impaired semen quality (any one of normal sperm 
morphology, sperm concentration, and sperm motility was abnormal) 
during follow-up were divided into Group A (n = 30), and all patients 
whose semen quality remained normal were Group B (n = 72). The 
control Group (n = 30) consisted of healthy adult males who had a need 
for semen analysis. They had no special medical history, and the results 
of semen analysis were completely normal.

All participants involved in our study joined us voluntarily, and 
informed consent was obtained from each of them. The study protocol 
was approved by the Internal Research Ethics Committee of the Tianjin 
Medical University General Hospital.

Semen analysis
Semen samples were obtained in a private room by masturbation into a 
sterile glass vessel after 2–7 days of sexual abstinence and were allowed 
to liquefy for 30 min at 37°C. Routine semen analysis was performed 
by a computer-assisted semen analysis system (WLJY-9000; Beijing 
Weili New Century Science and Technology Development Co., Ltd., 
Beijing, China) according to the World Health Organization guidelines 
(1999).23 Evaluated semen parameters included semen volume, semen 
pH, sperm concentration, sperm motility, and proportion of normal 
sperm morphology. For all samples, at least 200 spermatozoa were 
analyzed to assess sperm morphology and concentration. Each semen 
sample was analyzed twice in succession, and the average was used 
as the final result. In order to increase the credibility of the semen 
analysis results, all processes were completed by two experienced 
laboratory researchers. During the research, internal quality control 
was performed to ensure that there was no significant difference 
between the results of the technicians.

Seminal plasma collection
The seminal plasma was obtained by centrifuging (1500 g for 10 min 
and then 12 000 g for 5 min) at 4°C within 2 h after sampling as 
described in a previous study.24 The supernatant (seminal plasma) 
obtained by the second centrifugation was carefully collected and 
immediately stored at −80°C until used for total RNA isolation.

Total RNA isolation
Total RNA isolation was performed as described in a previous 
study.25 The total RNA was isolated from 1 ml seminal plasma with 

the equal volume of TRIzol Reagent (Aidlab Biotechnologies Co., 
Ltd., Beijing, China) according to the manufacturer’s protocol. Three 
steps of phenol/chloroform purification were performed to remove 
proteins and ensure that pure seminal plasma total RNA was collected. 
The purity of the total RNA was assessed using a Nano-Drop 1000 
spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) 
at 260 nm and 280 nm, and its concentration was checked using the 
optical density (OD)260.

Quantification of miR-210-3p
miR-210-3p was quantified as previously described with minor 
modification.25 RNA was reverse transcribed in a final volume of 
20 μl containing 5 μl template RNA, 2 μl antisense loop primer 
(1 μmol l−1), 4 μl dNTPs, 4 μl 5× Hiscript Buffer, 1 μl Hiscript Reverse 
Transcriptase, 0.5 μl Ribonuclease Inhibitor, and 3.5 μl RNase-free 
water according to the manufacturer’s instructions. The mix was 
incubated at 25°C for 5 min, 50°C for 15 min, 85°C for 5 min, and 
4°C for 10 min. Subsequently, quantitative real-time polymerase chain 
reaction (qRT-PCR) was performed using an Applied Biosystems 7300 
Real-Time PCR System (Applied Biosystems, Waltham, MA, USA).

Each qRT-PCR (in 20 μl) included 4 μl reverse transcription 
product (1:10 dilution), 0.4 μl forward primer (0.2 μmol l−1), 0.4 μl 
reverse primer (0.2 μmol l−1), 10 μl SYBR Green Master Mix, 0.4 μl 
50× ROX Reference Dye 2, and 4.8 μl RNase-free water. The reactions 
were incubated in a 96-well optical plate at 50°C for 2 min, 95°C for 
10 min, and then subjected to 40 cycles at 95°C for 30 s and 60°C for 
30 s. A melting curve was generated at the end of each run to ensure 
product uniformity. All reactions were run in triplicate, and the 
mean quantification cycle (Cq) was determined from the triplicate 
qRT-PCRs. U6 snRNA was chosen as the endogenous control gene to 
normalize the miR-210-3p content among different samples.26,27 The 
expression of miR-210-3p relative to U6 snRNA was determined by the 
2−∆Ct method. The sequence of the primers is shown in Supplementary 
Table 1.

Cell proliferation and apoptosis analysis
GC-2 cell line is a mouse spermatocyte-derived cell line widely used 
for in vitro experiments.28,29 GC-2 cells were cultured in Dulbecco’s 
modified Eagle’s medium (Thermo Fisher Scientific) supplemented 
with 10% (v/v) fetal bovine serum (Thermo Fisher Scientific) and 
maintained at 37°C in a humidified atmosphere with 5% (v/v) 
CO2. The prepared cells were transfected with miR-210-3p mimics, 
miR-210-3p mimics negative control (NC), miR-210-3p inhibitor 
or miR-210-3p inhibitor NC. They were seeded into a 96-well plate 
with 1 × 104 cells per well. We used the qRT-PCR assays to assess the 
expression of miR-21-3p in GC-2 cells (1 × 106) of each group 24 h 
after transfection according to the above methods. After 120 h of 
culture, the proliferation potential of GC-2 cells was assessed by cell 
counting kit-8 (CCK-8) assay (No. BS350B; Biosharp, Beijing, China) 
according to the manufacturer’s instructions. To investigate the role of 
miR-210-3p in apoptosis, GC-2 cells (1 × 106) were homogenized in 
lysis buffer (Beyotime, Shanghai, China) containing protease inhibitors. 
The eluate was centrifuged at 16 000 g for 10 min at 4°C, and 1× loading 
buffer was added after removing the supernatant. Protein concentration 
was determined by BCA protein concentration assay kit (No. P0010; 
Beyotime) according to the manufacturer’s instructions. Twenty 
micrograms of protein was loaded onto each gel and electrotransferred 
onto a polyvinylidene fluoride membrane by standard procedures.30 
Caspase-3 was detected using a rabbit anti-caspase-3 polyclonal 
antibody (1:600; Proteintech Group, Wuhan, China), followed by a 
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mouse anti-rabbit secondary antibody (1:50 000; Boster Biological 
Technology, Wuhan, China). Horseradish peroxidase was used to label 
the secondary antibody, and the enhanced chemiluminescent substrate 
solution (Bioscience, Shanghai, China) was used for visualization. The 
band intensity was quantified relative to that of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH; AB-P-R 001; Xianzhi Biological, 
Hangzhou, China) by ImageQuant TL 7.0 software (GE Healthcare, 
Little Chalfont, UK).

Statistical analyses
All quantitative data were expressed as mean ± standard deviation 
(s.d.), and the qualitative variables were described as counts and 
percentages. Chi-squared and t-tests were used to compare qualitative 
variables and independent data, respectively. The differences in 
semen parameters between Group A and Group B were evaluated by 
Kruskal–Wallis test. Mann–Whitney U test, Fisher’s test, and analysis of 
variance (ANOVA) were used to analyze the expression level of seminal 
plasma miR-210-3p and the difference in the affected side of varicocele 
between groups. ANOVA was used to compare the difference in optical 
density value between groups at five time points (24 h, 48 h, 72 h, 96 h, 
and 120 h). At each time point, the optical density value of each group 
was compared with that of the other four groups. All statistical tests 
were two-sided, and P < 0.05 was considered statistically significant. 
Statistical analysis was performed by SPSS software version 20.0 (IBM 
SPSS Inc., Chicago, IL, USA).

RESULTS
Characteristics of the patients
A total of 157 potentially eligible participants were recruited in this 
study, of whom 55 patients were excluded because of prostatitis (n = 25), 
alcoholism or substance abuse (n = 7), severe chronic disease (n = 2), 
occupational/environmental exposure (n = 5), hormone disorder 
(n = 3), testicular trauma (n = 1), or did not complete all scheduled 
study procedures (n = 12). The remaining 102 patients (n = 41 from 
Tianjin Medical University General Hospital and n = 61 from the 
Second Hospital of Tianjin Medical University) were included in the 
final analysis. All baseline characteristics were similar between Group 
A and Group B (all P > 0.05; Table 1). The main semen parameters are 
presented in Supplementary Table 2.

Levels of seminal plasma miR-210-3p in Group A and Group B
To determine whether the level of seminal plasma miR-210-3p was 
associated with impaired semen quality, we compared the difference 
in seminal plasma miR-210-3p between Group A (semen quality 
became abnormal), Group B (semen quality remained normal), and 
the control group. The qRT-PCR results showed that the expression 
of seminal plasma miR-210-3p in Group A was almost twice as high 
as that in Group B (P < 0.01), and both Group A and Group B values 
were higher than those in the control group (both P < 0.01; Figure 1b) 
after 2-year follow-up. Further, we compared the differences in seminal 
plasma miR-210-3p levels between the three groups at the time that 
varicocele was diagnosed.

Our results showed that the expression of seminal plasma 
miR-210-3p in Group A was higher than that in Group B (2.6 times, 
P < 0.01), but it was very similar between control group and Group B 
(P = 0.11; Figure 1a).

Stability of seminal plasma miR-210-3p expression
To observe the variation in seminal plasma miR-210-3p among 
varicocele patients (n = 6) and healthy males (n = 6), we collected 
the semen specimens on the 1st, 8th, and 15th days of 1 month from 
12 individuals and quantified the relative expression levels of seminal 
plasma miR-210-3p by qRT-PCR as previously described.20,24,31 As with 
our previous study,32 there was no significant difference in the relative 
expression levels of seminal plasma miR-210-3p among the three 
samples (P = 0.12 for varicocele and P = 0.09 for control; Figure 2).

Our results indicated that the level of seminal plasma miR-210-3p 
was stable in both varicocele patients and healthy males and had the 
trait of becoming a biomarker.

miR-210 induces apoptosis of germ cells by promoting caspase-3 
activation
To investigate the role of miR-210-3p in the apoptosis and proliferation, 
we transfected miR-210-3p mimics and inhibitors into GC-2 cells. 
The transfection with miR-210-3p mimics and inhibitors resulted in 
a statistically significant change of miR-210-3p expression compared 
with controls (P < 0.01; Figure 3). CCK8 results showed that the 
number of cells in the sample treated with miR-210-3p mimics was 
lower than that in other treatment groups or the control (P < 0.05; 
Figure 4), and the number of cells in the sample treated with miR-
210-3p inhibitor was the highest among the control and all treatment 
groups (P < 0.05) at the five time points, while there was no significant 
difference (P > 0.05) between the other three groups (group mimics 
NC, group inhibitor NC, and group control) at the five time points. 
Western blot was used to quantify the detectable amount of caspase-3 

Table 1: Baseline characteristics of the patients

Variables Group A 
(n=30)

Group B 
(n=72)

P

Physical appearance

Age (year), mean±s.d. 27.1±5.0 26.5±4.6 0.61a

BMI (kg m−2), mean±s.d. 22.8±1.8 22.5±2.5 0.09a

Lifestyle

Smoking, n (%) 15 (50.0) 34 (47.2) 0.80b

Alcohol consumption, n (%) 18 (60.0) 42 (58.3) 0.88b

Ejaculation abstinence (day), mean±s.d. 4.39±1.7 4.15±2.2 0.77a

Grade of varicocele (n)

1 4 16 0.55b

2 6 15

3 20 41

Side of varicocele (n)

Unilateral left 24 56 0.36b

Unilateral right 5 16

Bilateral 1 0

The differences in variables between Group A and Group B were evaluated by at-test model 
and bChi-squared model. Group A: semen quality became abnormal; Group B: semen quality 
remained normal. BMI: body mass index; s.d.: standard deviation

Figure 1: The expression of seminal plasma miR-210-3p, (a) when varicocele 
was diagnosed, and (b) after 2-year follow-up. Group A: 30 patients with 
impaired semen quality during follow-up; Group B: 72 patients whose semen 
quality remained normal; Control group: 30 healthy adult males. Statistical 
test: one-way analysis of variance, **P < 0.01; the box is the 25th–75th centiles, 
the line is the median and the whiskers is the 5th–95th centiles.

ba
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proteins. The results showed that cleaved caspase-3 was increased 
in the miR-210-3p mimics group compared with the other groups 
(P < 0.01), and the miR-210-3p inhibitor group was the lowest in all 
groups (P < 0.01; Figure 5). There was no significant difference between 
the detectable amount of the other three groups (group control, group 
mimics NC, and group inhibitor NC; P > 0.05). There was also no 
significant difference in the amount of the five groups (group control, 
miR-210-3p mimics, mimics NC, miR-210-3p inhibitor, and inhibitor 
NC) of pro-caspase-3 (P > 0.05).

DISCUSSION
Early screening for impaired spermatogenic function in patients with 
varicocele plays a key role in protecting their fertility.33 At present, 
assessment of varicocele patients is based on medical history, physical 
examination, Doppler ultrasound, and semen analysis. However, none 
of these means can directly and effectively evaluate the spermatogenic 
status of patients with varicocele. Our results indicated that seminal 
plasma miR-210-3p was increased in varicocele patients with impaired 
semen quality (P < 0.01), which helps develop optimal treatment 
timing.

In previous studies, the stability of seminal plasma miRNAs as a 
biomarker has been widely discussed.20,24,28,34 Wang et al.24 evaluated 
the stability of miRNA (miR-9, miR-106b, and miR-202) expression 
by repeated freezing and thawing of seminal plasma and incubation 
at room temperature and 4°C for different durations. They found that 
these miRNAs are sufficiently stable in seminal plasma. Wu et al.,20 who 
analyzed the expression levels of seminal plasma miRNAs (miR-19b 
and let-7a) on the 1st, 8th, and 15th days of 1 month from 6 subjects by 
qPCR, concluded that the seminal plasma miRNAs were stable and 
their expression levels were consistent in individuals. Consistent with 
previous studies, our study confirmed that seminal plasma miR-210-3p 
was fairly stable both in varicocele patients and healthy males. The 

stability of expression made miR-210-3p one of the characteristics of 
an ideal biomarker.

A recent study confirmed that seminal plasma miR-192a 
can be used to predict the spermatogenic status of patients with 
nonobstructive azoospermia after varicocele repair. Zhi et al.28 found 
that the expression level of seminal plasma miR-192a in patients who 
successfully ejaculated spermatozoa after varicocele repair was higher 
than that in patients who unsuccessfully ejaculated spermatozoa 
(P < 0.001). In another recent study, Barcelo et al.34 used differential 
high-throughput miRNA profiling techniques for miRNA quantitative 
PCR plates to analyze differences in seminal plasma exosomes in 
azoospermic and fertile individuals. Their findings have revealed 
altered levels of miRNAs in seminal plasma exosomes that may 
be involved in the process of azoospermia origin and testicular 
spermatogenesis. Previous studies have confirmed the value of 
miRNAs as biomarkers for evaluating spermatogenic status from 
different perspectives. However, information on whether miRNAs 
can be used as a potential biomarker to evaluate early impaired semen 
quality in patients with varicocele is still lacking. Our study confirms 
that miR-210-3p can predict impaired semen quality in patients with 
varicocele.

Figure 2: Fluctuations of seminal plasma miR-210-3p level in patients with 
varicocele (n = 6) and healthy control (n = 6). Statistical test: one-way analysis 
of variance; results are reported as mean ± standard deviation, and all results 
are representative of three independent experiments.

Figure 4: Cell proliferation was measured by cell counting kit-8 assay. Optical 
density: 450 nm; NC: negative control; statistical test: one-way analysis of 
variance, *P < 0.05 (significant differences at 5 time points: 24 h, 48 h, 
72 h, 96 h, and 120 h), the indicated group versus control group; results 
were reported as mean ± standard deviation, and all results are representative 
of three independent experiments. 

Figure 5: Western blot analysis of caspase-3 proteins at 96 h after cell 
transfection. NC: negative control; statistical test: one-way analysis of 
variance, **P < 0.01; results are reported as mean ± standard deviation and 
all results are representative of three independent experiments, n = 3 per 
group. GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

Figure 3: Transfection efficiency of miR-210-3p mimics and inhibitor in GC-2 
cells. (a) miR-210-3p mimics. (b) miR-210-3p inhibitor. Time-point: 24 h 
after transfection; number of cells: 1 × 106; NC: negative control; statistical 
test: one-way analysis of variance, **P < 0.01; results are reported as mean 
± standard deviation and all results are representative of three independent 
experiments, n = 3 per group.

ba
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Blood stasis in spermatic cord leads to hypoxia of spermatogenic 
tissue is one of the more important pathophysiological mechanisms 
of varicocele-induced male infertility.35 Spermatogenic hypoxia is 
thought to be due to the venous pressure of the internal spermatic 
vein exceeding the testicular arteriolar pressure, which adversely 
affects testicular function through the hypoxia-inducible factor (HIF) 
pathway. In addition, increased hydrostatic pressure causes reflux of 
adrenal and renal metabolites into the internal spermatic vein, which 
then enter the testes causing contraction of the testicular arterioles, 
resulting in hypoxia and impaired spermatogenesis.36 Hypoxia-
inducible factor 1 alpha (HIF-1α) is a unique marker of tissue hypoxia 
and is stably expressed in hypoxic tissues.37 Studies have confirmed 
a significant increase in the expression of HIF-1α in the testis and 
epididymis of patients with varicocele.38 HIF-1α expression is increased 
in hypoxia and binds to the 400 bp hypoxia response element upstream 
of the promoter of miR-210-3p, thereby promoting the expression of 
miR-210-3p. At the same time, miR-210-3p inhibits the expression of 
HIF-1α hydrolase and increases the level of HIF-1α, forming a positive 
feedback between the two.39,40 Caspase is a family of cysteine proteases 
that specifically cleaves aspartate and play an important role in the 
process of cell apoptosis.41 Our results indicate that the upregulation 
of miR-210-3p does not affect the detectable amount of the caspase-3 
but its activation (maturation). Thus, we speculate that miR-210-3p 
upregulation induces spermatogenic cell apoptosis by promoting 
caspase-3 activation.

However, the relationship between miR-210 upregulation and 
apoptosis seems to be still somewhat controversial. Many previous 
studies have supported the upregulation of miR-210 to induce 
apoptosis.42–45 Lv et al.42 aimed to explore the underlying mechanisms 
of hypoxia-induced miR-210 effects on mouse GC-2 cells. The results 
indicated that hypoxia-induced miR-210 upregulation stimulated the 
activation of the apoptosis signaling pathway and contributed to the 
apoptosis of GC-2 cells by targeting Kruppel-like factor 7. Chen et al.43 
used lithium chloride and pilocarpine to induce epileptic activity, 
aiming to reveal its underlying mechanisms. The authors found that 
a miR-210 inhibitor inhibited the apoptosis induced by epileptic 
activity, thereby indirectly revealing that miR-210 upregulation 
induces apoptosis. On the contrary, some literature has also reported 
the negative effect of miR-210 upregulation on apoptosis.46,47 Wang 
et al.46 have conducted a study to investigate the impact of miR-210 on 
cardiac stem cells against hypoxia-induced injury. They demonstrated 
that miR-210 upregulation can attenuate the apoptosis of cardiac stem 
cells under hypoxic condition through regulating its target genes 
caspase-8-associated protein 2 (Casp8ap2)/Caspase 8 and protein 
tyrosine phosphatase nonreceptor type 2 (PTPN2).

There are some limitations in our study. First, varicocele is only 
one of the causes of male infertility, and future studies are needed to 
evaluate the association between seminal plasma miR-210-3p and 
more male infertility diseases. Second, it is necessary to combine 
more useful seminal plasma miRNAs to establish a predictive model 
for more accurate prediction of the spermatogenic status of patients 
with varicocele. Third, studies of larger sample sizes and longer 
follow-up times are needed in the future to confirm the relationship 
between seminal plasma miR-210-3p and semen quality in patients 
with varicocele. In addition, it is interesting that Group B has a higher 
miR-210-3p expression than control group after 2-year follow-up, 
but not at the beginning of the study. Whether these patients will 
develop impaired semen quality in the future is impossible to conclude 
currently. We will further design related studies for this topic for 
further exploration.

CONCLUSION
In summary, seminal plasma miR-210-3p may induce spermatogenic 
cell apoptosis by activating caspase-3 in patients with varicocele. 
Seminal plasma miR-210-3p could be a novel and noninvasive 
biomarker for predicting impaired semen quality caused by varicocele, 
which can be used to develop optimal treatment timing. However, a 
large-scale prospective study is required to confirm this finding.
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Supplementary Table 1: Sequence of primers

Name Primer Sequence

miR-210-3p Forward 5‘-TGCGCCTGTGCGTGTGACAGCG-3’

Reverse 5‘- CCAGTGCAGGGTCCGAGGTATT -3’

Loop 5‘-GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGAC TCAGCCGC-3’

U6 Forward 5‘-CGCTTCGGCAGCACATATAC-3’

Reverse 5‘- AAATATGGAACGCTTCACGA-3’

Supplementary Table 2: The main semen parameters

Semen parameters When varicocele was diagnosed After 2-year follow-up

Group A (n=30) Group B (n=72) P Group A (n=30) Group B (n=72) P

pH 7.5±0.1 7.6±0.1 0.77 7.4±0.1 7.5±0.2 0.78

Semen volume (ml) 2.9±1.1 2.8±1.3 0.68 3.0±1.0 2.9±1.2 0.45

Normal sperm morphology (%) 56.3±15.3 58.8±19.1 0.11 21.8±12.3 38.2±17.6 0.02

Sperm concentration (106/ml) 71.0±36.6 73.3±37.4 0.23 38.4±32.2 59.6±36.2 <0.01

Sperm motility (PR + NP) (%) 57.7±16.5 57.9±18.7 0.18 21.9±11.6 43.6±13.1 <0.001

The differences in semen parameters between Group A and Group B were evaluated by Kruskal–Wallis test. s.d.: standard deviation; PR: percentages of progressive; NP: nonprogressive; 
the values of semen parameters were presented by mean±s.d.




