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Introduction

Infertility is still a very common problem in the second 
decade of the new millennium around the world (1). Fol-
lowing 12 months of regular and unprotected sexual acti-
vity, infertility is defined as the failure to produce clini-
cal pregnancy. Between 8% and 12% of reproductive-age 
couples worldwide are considered to be impacted. Males 
are alone responsible for 20–30% of infertility cases, whe-
reas females are responsible for 50% of cases overall (2). 
The population of infertile patients is difficult to estimate 
for three reasons: differences in definitions of infertility (1, 
2, or 5 years of unsuccessful attempts to conceive), signifi-
cant differences in selected populations (large populations 
vs. epidemiological studies), and defining who the diagno-
sis affects (women, couples, or individuals) (3). The num-
ber of infertile couples was predicted to be 48.5 million 
in 2010 (approximately 24 million infertile women), a 6 
million raise from 1990 (4). In 2002, 186 million married 
women in developed countries (excluding China) were 
infertile (5). This gap is due to disparities in the age of 
the evaluated population, as well as differences in the time 
and place of estimations and the use of different calcula-
ting methodologies. Mascarenhas et al. focused on women 
aged 20 to 44, whereas Rutstein and Johnson looked at 
women aged 15 to 49.

The cornerstone of determining male fertility is sperm 
analysis. There are various factors of semen quality accor-
ding to the World Health Organization's (WHO) guidelines 

for semen quality (6); nevertheless, sperm concentration 
and motility (total and progressive) have the most impor-
tant of these parameters (7). The etiology of infertility is 
heavily influenced by sperm parameters including sperm 
(concentration, morphology, viability, and motility). The 
fertilization process is known to be influenced by sperm 
factors. If these factors fall below a level that is indica-
tive of fertility, they will be significantly impacted (8, 9). 
These characteristics have a significant impact on assisted 
reproductive treatment outcomes, including the rates of 
(fertilization, embryo development, embryo quality, pre-
gnancy, and implantation) (10-12). Many causes of male 
infertility in many individuals, can be recognized and 
treated like Idiopathic situations, in which the source of 
aberrant sperm parameters cannot be determined. Patients 
with normal sperm quality may have sperm that are either 
unable to fertilize oocytes or have genetic defects that pre-
vent them from doing so (13).

From 1973 to 2011, sperm numbers and total sperm 
count in men from North America, Europe, and Australia 
decreased by 50–60%, according to a comprehensive me-
ta-analysis. These data strongly suggest a decrease in male 
reproductive health, which has far-reaching consequences 
beyond worries about reproduction. This decline necessi-
tates urgent research into the reasons and consequences 
(14). The decline in male fertility, which is linked to ad-
vancing age, poor lifestyles, and environmental variables, 
has a significant impact on natality, and its implications 
for the future of the human population make it a critical 
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public health issue in this century. As a result, a planned 
program of educational, environmental, nutritional/physi-
cal activity, and behavioral adjustment is necessary (15).

The present study aimed to evaluate the relationships 
between human semen quality parameters and infertility 
in males in Erbil city of Iraq.  This study also included the 
comparison of the prevalence of abnormal sperm parame-
ters between fertile and infertile males.

Materials and Methods

Subjects  
The study included infertile males, who after a year or 

longer of unprotected intercourse, not being able to get 
pregnant. and 50 fertile males who have a child. The mean 
age of infertile males was 38.24 ± 3.46 years, while for 
fertile males was 40.22 ± 5.64, with no significant diffe-
rences between the two groups.

Semen collection
Semen samples were collected handly in disposable 

plastic containers after 3 days of abstinence. Semen 
samples were incubated at 37 °C for 30 minutes to liquefy 
(16).  The following routine parameters were examined 
in the liquefied semen samples according to the WHO 
methodology (6, 17). The volume of the semen, and the 
sperm (morphology, viability, and motility).

Seminal fluid analysis 
A graduated cylinder tube was used to measure the vo-

lume of the ejaculate. To determine sperm concentration, 
ten liters of each semen sample were deposited in a Makler 
chamber with a covered glass to determine sperm concen-
tration and then studied at 200X magnifications (6). Sperm 
concentration divided by volume equals total sperm count. 
A drop of semen, covered with a cover glass, was exami-
ned under 400X of power of a microscope fitted with a heat 
plate at 37 °C to determine sperm motility. At least 200 
spermatozoa should be counted in at least 5 separate fields, 
including both motile and immotile sperms. (17). Motility 
% = number of motile spermatozoa/total number of sper-
matozoa (motile and immotile) ×100. Counting sperma-
tozoa with straight-line forward movement only was used 
to determine the percentage of motile spermatozoa with 
straight-line forward movement. The sperm viability was 
evaluated by using a hypoosmotic swelling (HOS) test and 
according to the procedure illustrated in  (6). The HOS 
test was created by (18). The HOS test is a straightforward 
laboratory procedure for determining the functional inte-
grity of the sperm membrane. When sperm are placed in a 
hypoosmotic solution, water travels through the cell mem-
brane, causing the membrane to expand. There will be no 
swelling of the membrane if it has already been injured. 

The intact membrane is measured by the percentage of 
swollen spermatozoa (19). Each sample was immediately 
incubated at 37°C, and all measurements were taken after 
30 minutes. When the sample had completely liquefied, 1 
ml of warmed 150 mOsm hypo-osmotic swelling solution 
containing sodium citrate (25 mmol/l) and fructose was 
added to 0.1 ml of liquefied semen for each subject.

Sperm viability = the number of viable sperm/total 
number of spermatozoa × 100.  Hematoxylin and eosin 
staining was used to determine the spermatozoal morpho-
logy (20). 
The excluded criteria

The exclusion criteria included; smoking, necrospe-
mia, azoospermia, antioxidant therapy, varicocele, dia-
betes, hypertension, obesity, underweight, and any disease 
which can interfere with the results of the semen analysis.

Statistical analysis
  Statistical Package for Social Science (SPSS), ver-

sion 17 was used for the analysis of the data. The stan-
dard error of the mean (SEM) is used to express all of the 
results. Pearson's correlation (r) was used to founding the 
relationships between semen quality parameters (volume 
of semen, sperm concentration, motility, morphology, and 
viability) with fertility and infertility percent. Pearson's 
Chi-square test was used to compare the prevalence of 
normal and abnormal semen quality parameters between 
the fertility and infertility groups. Statistical significance 
was defined as a P-value of less than 0.05.

Results

The correlation between semen parameters with ferti-
lity and infertility percent is presented in Table 1. A signi-
ficant negative correlation was found between infertility% 
with semen volume (r= - 0.58, p≤0.05), sperm concentra-
tion (r= - 0.74, p≤0.001), total sperm count      (r= - 0.68, 
p≤0.001), sperm morphology (r= - 0.57, p≤0.01) and sperm 
viability (r= - 0.80, p≤0.001. A significant positive correla-
tion was found between fertility% with semen volume (r= 
0.64, p≤0.05), sperm concentration (r= 0.76, p≤0.001), to-
tal sperm count (r= 0.78, p≤0.001), sperm morphology (r= 

Semen quality parameters Fertility % Infertility %
Volume (ml) 0.64* − 0.58*
Sperm concentration (×106/ml) 0.76*** − 0.74***
Total sperm count (×106/volume of semen) 0.78*** − 0.68***
Normal Sperm morphology % 0.48** − 0.57**
Sperm Viability % 0.70*** − 0.80***

Table 1. Pearson's correlation (r) between semen quality with fertility and infertility percent.

Sperm motility kinetics Fertility % Infertility %
Total sperm motility % 0.84*** −0.82***
Progressive motility % 0.75*** −0.78***

Non-progressive motility %
0.84*** −0.76***

Where, * Correlation is significant at p≤0.05; ** Correlation is significant at p≤0.01; *** 
Correlation is significant at p≤0.001; − the negative correlation was found.

Where, *** Correlation is significant at p≤0.001; − the negative 
correlation was found

Table 2. Pearson's correlation (r) between sperm motility kinetics
parameters with fertility and infertility percent.
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4.0%, p-value = 0.05, Table 3), (sperm concentration <15 
×106/ml, 6.0%, p-value = 0.01, Table 4), (sperm morpho-
logy < 14.0% normal, p-value = 0.01, Table 5), (sperm 
viability < 50% normal, 8.0%, p-value = 0.001, Table 6), 
(total sperm motility < 50% motile, 4.0%, p-value = 0.001, 
Table 7), (sperm progressive motility < , 4.0%, p-value 
= 0.001, Table 8). Figure (1) showed different abnormal 
sperm morphology (teratozoospermia) including sperm 
with two tails, a small head, rounded head, sperm without 
a head, and amorphous head with a bent tail.

Discussion

The first step in determining male factor infertility is to 
examine the semen. Standardized sperm analysis methods 
are now available, allowing for accurate sperm quality as-
sessment and comparison across laboratories. For standard 
sperm and sperm parameters, population-based reference 
ranges are available (21). Male factor infertility is defi-
ned as sperm parameters that fall below the WHO normal 
range (22). Low sperm concentration (oligospermia), poor 

0.48, p≤0.01), and sperm viability (r=  0.70, p≤0.001). The 
relations between sperm motility kinetics parameters (to-
tal motility%, progressive motility%, and non-progressive 
motility%) are observed in Table 2. A significant negative 
correlation was found between total sperm motility (r= - 
0.80, p≤0.001), progressive motility (r= - 0.78, p≤0.001), 
and non-progressive motility (r= - 0.76, p≤0.001) with  
infertility%. A significant positive correlation was found 
between fertility% with total sperm motility (r=  0.84, 
p≤0.001), progressive motility (r=  0.75, p≤0.001), and 
non-progressive motility (r=  0.84, p≤0.001).

The results are represented in Tables 3 to 8, which de-
monstrate Pearson's Chi-square test to compare the preva-
lence of normal and abnormal semen quality parameters 
between the fertility and infertility groups. The prevalence 
of low sperm volume (hypospermia), low sperm count 
(oligozoospermia), low normal sperm morphology (tera-
tozoospermia), low sperm viability, and low sperm moti-
lity kinetics (asthenozoospermia) in infertile males (semen 
volume <1.5ml, 16.7%, p-value = 0.05, Table 3), (sperm 
concentration <15 ×106/ml, 25.3%, p-value = 0.01, Table 
4), (sperm morphology < 36.0% normal, p-value = 0.01, 
Table 5), (sperm viability < 50% normal, 43.3%, p-value 
= 0.001, Table 6), (total sperm motility < 50% motile, 
35.7%, p-value = 0.001, Table 7), and (sperm progressive 
motility < 35.5%, p-value = 0.001, Table 8) is significantly 
higher than that of fertile men (semen volume <1.5ml, 

Figure 1. A: normal sperm morphology. B-F teratozoospermia. B: 
sperm with two tails. C: Small head. D: Rounded head with two tails. 
E: Sperm without a head. F: Amorphous head with a bent tail.

Semen volume Fertile Infertile
≥ 1.5ml 96.0% (48) 83.3% (125)

< 1.5ml (hypospermia) 4.0% (2) 16.7% (25)

Table 3. The prevalence of semen volume in fertile and infertile men.

Pearson's chi-square = 5.15     p- value = 0.05

Sperm concentration Fertile Infertile
≥ 15 ×106/ml 94.0% (47) 74.7% (112)
< 15 ×106/ml 

(Oligozoospemia) 6.0% (3) 25.3% (38)

Table 4. The prevalence of sperm concentration  in Fertile  and 
infertile men.

Pearson's chi-square = 8.60    p- value = 0.01

Sperm morphology Fertile Infertile 
≥ 4% normal 86.0% (43) 64.0% (96)
< 4% normal 

(Teratozoospermia) 4.0% (7) 36.0% (54)

Table 5. The prevalence of sperm morphology in fertile and infertile 
men.

Pearson's chi-square = 8.56     p- value = 0.01

Sperm viability Fertile Infertile 
≥ 58% normal 92.0% (46) 56.7% (85)
< 58% normal 8.0% (4) 43.3% (65)

Table 6. The prevalence of sperm viability in fertile and infertile men. 

Pearson's chi-square = 20.71    p- value = 0.001

Total sperm motility Fertile Infertile
≥ 40% motile 96.0% (48) 64.3% (90)
< 40% motile 

(Asthenozoospemia) 4.0% (2) 35.7% (50)

Table 7. The prevalence of sperm motility in fertile and infertile men. 

Pearson's chi-square = 18.64    p- value = 0.001

Progressive motility Fertile Infertile
   ≥ 32%  with forwarding 

progression 96.0% (48) 64.7% (97)

< 32% with forwarding 
progression

 (Asthenozoospemia)
4.0% (2) 35.3% (53)

Table 8. The prevalence of progressive motility in fertile and infertile 
men.

Pearson's chi-square = 55.21    p- value = 0.001
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sperm motility (asthenospermia), and aberrant sperm mor-
phology (teratozoospermia) are the most serious of these 
problems. Semen volume and other seminal markers of 
epididymal, prostatic, and seminal vesicle activity are less 
well-related to infertility (23). In the present study, a signi-
ficant negative correlation was found between infertility% 
with semen volume. Incomplete collection, severe an-
drogen shortage, ejaculatory duct obstruction, or bilateral 
vas deference should all be considered when the volume of 
seminal fluid is considerably reduced (21). 

There is a link between aberrant sperm parameters and 
sperm count in up to 90% of male infertility cases (24). 
Our results are in agreement with the findings of (25) who 
observed that the mean seminal parameter values (sperm 
concentration, total motility, rapid linear progressive moti-
lity, normal sperm morphology, and sperm viability) for 
infertile Indian men were considerably lower than for fer-
tile men. But it is in contrast with their results about semen 
volume, which record the higher semen volume in infertile 
men compared with fertile.

The quality of sperm is crucial for maintaining a heal-
thy population growth rate and fertility rate (26). The etio-
logy of infertility is heavily influenced by sperm parame-
ters. The fertilization process is known to be influenced by 
sperm parameters. If these factors fall below a level that 
is indicative of fertility, they will be significantly impac-
ted (8, 9). Sperm concentration, motility, and morphology 
have the greatest impact on infertility of all the semen 
parameters. Assisted reproductive methods such as intrau-
terine insemination (IUI), in-vitro fertilization (IVF), or 
intracytoplasmic sperm injection (ICSI) are used if these 
are found to be below the predetermined value (11, 12). 
The volume of seminal fluid, sperm concentration, and 
total sperm count have all declined over the last 20 years. 
In the latest decade (2003–2012), the proportion of hypos-
permic, azoospermic, and oligozoospermic men grew by 
24.6%, 109.5%, and 9.5%, respectively, compared to the 
first decade (1993–2002) (26).

The recorded results in this study found that the preva-
lence of oligozoospermia in infertile males is higher than 
that of fertile males. It is unknown what the lowest limits 
of sperm concentration and total sperm per ejaculate are 
that indicate male infertility. The WHO reference value for 
sperm concentration is 15×106/ml, while the total sperm 
number is 39×106 per ejaculate. This is based on data col-
lected from 1859 fertile men who had a pregnancy time 
of less than a year (27). The optimal time of abstinence 
to identify high or low sperm production may be between 
42 and 54 hours, according to Cryobank data on 18 to 20 
consecutive semen samples from 48 semen donors (28). 
The author also suggested that assessing the total quan-
tity of spermatozoa per ejaculate is indicative of sperm 
production if the abstinence interval is appropriate and 
that the pace of daily sperm production may better reflect 
changing spermatogenesis (29). The study of (1) found 
a correlation between sperm quality and male reproduc-
tive hormones. Gonadotropins negatively correlated with 
sperm count and sperm motility while testosterone showed 
a positive correlation. 

A spermatozoon is a motile cell that has the unique ca-
pacity to pass through the female reproductive system and 
fertilize an oocyte. Spermatozoa should have increasing 
motility to reach and pierce the oocyte. As a result, moti-
lity is a crucial factor in both natural and aided conception. 

Increased risk of infertility is linked to a global trend of 
decreasing the amount and motility of healthy sperma-
tozoa in the ejaculate (30). Asthenozoospermic men had 
ejaculates with less than 40% total motile spermatozoa or 
32% progressively motile spermatozoa. Asthenozoosper-
mia is thought to be one of the most common causes of 
male infertility (31). The recording data in this study found 
that the prevalence of low sperm motility kinetics (asthe-
nozoospermia) in infertile is significantly higher than that 
of fertile men, and these results are in the line with the 
findings of (32), who observed that the proven fertile 
group had considerably higher motility and progressive 
motility compared to the infertile male group. Also (33) 
observed that subfertile groups have less than 13.5×106 
sperm concentrations, less than 32% of sperm motility, 
and less than 9% normal morphologic. While the fertile 
men have a sperm concentration of more than 48.0×106 
per milliliter, more than 63% motility, and more than 12% 
normal sperm morphology. The pregnancy outcome and 
fertility are strongly related to motility (34). Sperm motility 
of 50% or higher has been linked to a better chance of 
getting pregnant, whereas motility of less than 50% has 
been linked to a poorer chance of getting pregnant (35). 
When the overall number of motile sperm was reduced, 
pregnancy rates were dramatically reduced when sperm 
concentration and % motility were combined (36).

      Immotile sperm are either dead or alive. When 
using sperm for IVF, this differentiation is important. In 
the present study, the percentage of viable spermatozoa in 
fertile males is significantly higher than that of infertile 
ones. These results are in agreement with the finding of 
(37-40). Because dead cells cannot fertilize an egg, deter-
mining sperm viability is crucial if a significant percentage 
of spermatozoa in a semen sample is non-motile (21). 

In conclusion, Infertility percent is negatively correla-
ted with decreased semen volume, sperm concentration, 
total sperm count, sperm morphology, sperm viability, 
total sperm motility, and progressive motility. The infertile 
men showed a higher prevalence of hypospermia, oligo-
zoospermia, teratozoospermia, low sperm viability, and 
low sperm motility kinetics (asthenozoospermia).
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