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ABSTRACT

Background: Standard semen analysis is the surrogate measure of male fertility in clinical
practice. According to recent studies, there is a slight increase in percentage of couples who
are facing infertility problems globally. This study determined the semen quality trends of men
seeking infertility treatment in the Tamale Metropolis.

Methods: This is a retrospective cross-sectional study with data from archival records over a
period of six years; from January 2015 to December 2020.

Results: A total of 785 semen analysis reports of men seeking infertility treatment over a
period of 6 years were considered. In all, 187 (23.82%) had normozoospermia, 347 (44.20%) had
oligozoospermia, and 251 (31.97%) had azoospermia. Out of the 785 subjects, 344 (57.91%)
had abnormal semen parameters even though their semen volume was normal. Percentage
abnormal motility, morphology and viability rose sturdily from 5.74%, 8.14%, and 12.59 in 2015
through 20.87%, 18.77%, 19.85% in 2017 to 26.85%, 27.95 and 21.55 respectively in 2020.
Abnormal pH and volume also rose from 8% and 8.59 in 2015 to 23.69 and 24.91 respectively in
2020

The highest variances were seen in the age group 31-40 years (p<0.0001). Males with
hypospermia were 56% less likely to have abnormal sperm concentration than those with
hyperspermia (OR=0.44; 95% CI=0.23-0.83; p=0.012).

Conclusion: This study shows a high rate of abnormal semen quality of male partners of
infertile couples. The trend of oligozoospermia increased during the past six years while the
trend of normozoospermia remain fairly constant. Oligoasthenoteratozoospermia has
increased consistently from 2015 to 2020, buttressing the fact that, male infertility is on the
ascendancy.
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INTRODUCTION

Male infertility is known to contribute to about half of all infertility cases. According to recent studies by
the WHO, approximately.8-10% of couples are facing some kind of infertility problem. Semen quality
is a significant factor which reflects' male reproductive health. According to Jensen et al. (2002), low
semen quality may be a potential contributing factor in reducing fertility rates and the use of assisted
reproductive technology (ART) may improve the number of children born to such individuals. Meta-
analysis show that there has been a 57% reduction in sperm concentration around the globe over the
past 35 years, a 32.5% decline over the past 50 years in Europe, and a 72.6% decline found in Africa
over the past 50 years (Sengupta, Nwagha, Dutta, Krajewska-Kulak, & Izuka, 2017).

In Ghana, studies have shown that the prevalence of male infertility is higher than females (Blay et al.,
2020). Base on the literature reviewed, there is a gap in knowledge on semen quality trends; the
prevalence-of<normospermia, the relationship between semen volume and and other semen quality
parameters in the Tamale metropolis. Increasing male age is associated with increased time to
conception. This reflects the age-related increase in acquired medical conditions, decreases in semen
quality, and increasing rates of DNA fragmentation seen in sperm. Also, there is an association
between the age of the male partner and the incidence of birth defects and chromosomal
abnormalities (Dain et al., 2011). Therefore, this study aims to determine the semen quality trends
men seeking infertility treatment in the Tamale Metropolis.

Study Area and setting

The study was conducted in the Tamale Metropolis of the Northern region of Ghana. The Metropolis
has five (5) hospitals, nine (9) health centers, and twenty-eight CHPS. Out of the five hospitals, one is
a Teaching Hospital serving as a referral hospital for the Northern part of Ghana (GSS, 2014). The
study employed a retrospective cross-sectional study design.




Data Collection Methods

Secondary data spanning the period of 2015 to 2020 were collected. Semen quality data was sourced
from the databases of Tamale Teaching Hospital into a Microsoft Excel document-based on the
variables of the study indicated in the structured extraction sheet. The extraction sheet consisted of
variables such as year, age, and all semen parameters.

Data Management and Analysis

STATA version 16.0 statistical softwareand Microsoft Excel 2019 was used for data analysis.
Freguencies and percentages were calculated for categorical data. Means and standard deviations
were calculated for normally distributed continuous data. Trends in semen parameters over the study
years were assessed using Microsoft Excel 2019. Independent t-test was used to analyze continuous
variables and presented as tabulated means and standard deviations. Linear and multiple regression
models were used to examine the relationship between age with each semen parameter while
potential confounding factor were controlled. All statistical tests with p values < 0.05 were interpreted
as statistically significant. Results were presented in tables and charts.

RESULTS

Distribution of semen parameters across the study duration

Table 1 depicts the distribution of semen analysis outcomes from 2015 to 2020 in the Tamale
Metropolis. Of a total of 785 semen analysis report of men seeking infertility treatment analysed over a
period of 6 years, 187 (23.82%) had normozoospermia, 347 (44.20%) had oligozoospermia, and 251
(31.97%) had azoospermia.

Yearly semen quality trends

Figure1 shows a rise in the percentage of oligozoospermia cases over the 5 years period; thus,
35.50% in 2016, 40.60% in 2017, 47.43% in 2018, 53.63% .in 2020. There was a decline in
azoospermia cases from 38.27% in 2015 to 15.94 in 2020.
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Figurel: Yearly trend of sperm concentration in the last six years (2015-2020)

Comparison of semen parameters between normozoospermia and oligozoospermia



Table 1 compares semen parameters such as sperm concentration, volume, viability, pus cell,
motility, morphology, and pH among subjects with oligozoospermia and normospermia. Subjects with
normospermia had significantly higher percentage of sperm cells with normal morphology
((99.15+46.29%) compared with subjects with oligospermia (72.02+14.31%) (p = 0.014). Viability was
higher in the normospermia group (78.60+29.24) compared with the oligozoospermia group
(57.631£38.77) (p = 0.023) (Table 2).

Table 1 Comparison of semen parameters between normozoospermia and oligozoospermia

Category Normozoospermia Oligozoospermia p-value

Volume 2.72+1.06 2.56+1.13 0.177
Viability 78.60+29.24 57.63+38.77 0.023
Pus cells 7.69+6.51 7.47+4.18 0.691
MOT 82.04+41.46 68.01+33.60 0.151
MOP 99.15+46.29 72.02+14.31 0.014
pH 8.08+0.44 8.11+0.50 0.616

*p<0.05 is considered significant; MOT = Motility; MOP = Morphology:

Percentage of males with azoospermia, oligozoospermia and normozoospermia

Using WHO standard for semen normality (Butt & Akram, 2013b), a total of 187 subjects (23.82%)
had normozoospermia (spermatozoa concentrations greater than 20 million per milliliter), 347
(44.20%) had oligozoospermia (spermatozoa concentration less than 20 million per milliliter), and 251
(31.97%) had no spermatozoa in the sediment of the ejaculate after centrifugation.
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Figure 2; Percentage distribution of sperm concentration among participants

Relationship between age group and semen concentration

Table 2 compares semen analysis outcomes according to age groups. The mean age of the
study subjects was 35.29+7.98. Only 14.74% of subjects >40years had normal semen
quality. The percentages of azoospermia and oligozoospermia were highest at 43.01% and
47.78% respectively between the ages of 31 to 40 years but are low at 25.81% and 24.88%
respectively between the ages of 21 to 30 years. These differences were statistically
significant (y?=26.71, (diff=4), p<0.0001).



Table 2: Relationship between age group and semen findings among males

variable

Semen Findings

Azoospermia
n (%)

Oligozoospermia
n (%)

Normozoospermia
n (%)

X% (diff); p-value

Age group (year)

21-30 48 (25.81) 101 (24.88) 80 (42.11)
31-40 80 (43.01) 194 (47.78) 82 (43.16)
>40 58 (31.18) 111 (27.34) 28 (14.74)
Total 186 (100.00) | 406 (100.00) 190 (100.00)

26.71; (4), 0.000 *

* Statistically significant at p<0.05; diff: Difference; ¥*: Chi-squarevalue

Univariate logistic regression analysis of age group and abnormal semen quality
Logistic regression analysis was conducted to ascertain the strength of association between age and
abnormal semen quality. Results of the binary logistic regression indicated that, males within 31- 40
years were significantly 2 times more likely to have abnormal semen quality as compared to those
within 21-30 years (OR = 1.79; 95% Cl =1.24 - 2.59; p =0.002). Similarly, males above 40 years
of age were significantly 3 times more likely to have abnormal semen quality as compared to those
within 21-30 years (OR=3.24; 95% CI =2.00 -5.26; p <0.0001) (Table 3).

Table 3: Univariate logistic regression analysis.of age group-and abnormal semen quality

Variable Abnormal semen quality

Odds Ratio 95% Confidence Interval p-value
Age group (years)
21-30
31-40 1.79 1.24-2.59 0.002 *
>40 3.24 2.00-5.26 0.000 *

* Statistically significant at p<0.05

Relationship between semen volume abnormal sperm concentration

Semen volume was categorized into hypospermia (<2ml), normospermia (2-5ml) and hyperspermia
(>5ml). The majority of the subjects (58.22%) were normospermic, while only 41.78% had abnormal
semen volume; this.comprised 35.41% with hypospermia and 6.37% with hyperspermia (Table 4).

Table 4: Distribution of semen volume

Volume Frequency (N=785) Percentages (%)
Normospermia (2-5mls) 457 58.22
Hypospermia (<2 mls) 278 35.41
Hyperspermia (>5 mls) 50 6.37

Association between semen volume and abnormal sperm concentration

Pearson chi-squarere test analysis was conducted to establish the relationship between semen
volume and abnormal sperm concentration (Table 5). The highest abnormal sperm concentration 344
(57.91%) was seen in normal semen volume (normospermia), followed by hypospermia 219
(36.87%). The bivariate analysis showed that, there was a statistically significant association between
semen volume and sperm concentration (normal, and abnormal) (¥°=6.57, (diff=2), p=0.037).

Table 5: Association between semen volume and abnormal sperm concentration



Sperm concentration

. 2. (i
Variable Normal ororral X% (diff); p-value
n (%) n (%)

Semen volume

Normospermia (2-5ml) 113 (59.16) 344 (57.91)

Hypospermia (<2 ml) 59 (30.89) 219 (36.87) 6.57; (2); 0.037*
Hyperspermia (>5 ml) 19 (9.95) 31 (5.22)

* Statistically significant at p<0.05; diff: Difference; X*: Chi-squarevalue

Univariate Logistic Regression analysis of semen volume and abnormal sperm
concentration

To determine the strengths of association between semen volume and_.abnormal sperm
concentration, logistic regression analysis was performed. The binary logistic regression revealed that
significantly, males with hypospermia had 56% less chance than those with hyperspermia to have
abnormal sperm concentration (OR=0.44; 95% CI=0.23-0.83; p=0.012) (Table 6).

Table 6: Univariate Logistic Regression analysis of semen, volume,and abnormal
sperm concentration

Variable Abnormal sperm concentration

Odds Ratio 95% Confidence Interval p-value
Semen volume
Normospermia (2-5ml) 0.82 0.57=1.17 0.277
Hypospermia (<2 ml) 1
Hyperspermia (>5 ml) 0.44 0.23-0.83 0.012*

* Statistically significant at p<0.05

Trend of abnormal semen parameters

Percentage abnormal motility, morphology and viability rose sturdily from 5.74%, 8.14%, and 12.59 in
2015, through 20.87%, 18.77%, 19.85% in 2017 to 26.85%, 27.95 and 21.55 respectively in 2020.
Abnormal pH and volume also rose from 8% and8.59 in 2015 to 23.69 and 24.91 respectively in 2020
(figure 3).
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Figure 3, Percentage frequencies of abnormal semen parameters

DISCUSSION

Infertility has been a subject of debate and the female partners have always had to bear the brunt of
the sociocultural connotations of this multifaceted issue (Milardi et al., 2012). Advancements and
progress made in novel assisted reproductive techniques established males to be equal, if not higher
contributors to this complex problem:(Li et al:, 2019)..Despite education and enlightenment, the social
attitude towards infertility results in- much trauma, emotional instability and psychological stress, which
in turn has an adverse bearing on the:physiology of the individual, particularly in the northern Ghana
social set-up, where there has been strong emphasis on child-bearing (Butt et al., 2013). This study
determined the semen _guality trends in males seeking infertility treatment in Tamale from 2015 to
2020.

Semen analysis provides. some insight into the pathology of the male genital tract (Butt et al., 2013;
Rikhasor et al.,-2001b). Being a_hospital base study, the findings of this study should be carefully
applied to the general population. Earlier studies in Ghana revealed that, the prevalence of male
infertility is 15.8% and 11.8 in females (Blay et al., 2020). Similar studies conducted by Samal et al.
(2012) reported the incidence of male infertility as 62%, and 38% at Abakaliki in south eastern Nigeria
by Ugwuja et al.(2008). Blay et al. (2020) concluded that, a good semen quality increases the
praobability of conception and the male factor is responsible for infertility about 90% of the time.

This study shows declining semen quality in Tamale for the last six years. Semen volume is
significantly associated with sperm concentration (tables 4, 5 and 6). In this study, majority of the
subjects had normospermia, followed by hypospermia, and few of the participants present with
hyperspermia. Reduced ejaculated volume can reflect abnormalities in accessory sex gland’s fluid
synthesis ability (Corona et al., 2012). It can also be indicative of a physical obstruction in the
reproductive tract or in cases of incomplete retrograde ejaculation. In this study, mean ejaculate
volume in normospermics was significantly higher than the mean ejaculate volume in oligozoospermic
samples (Table 6). Subjects with hypospermia are significantly less likely to have abnormal sperm
concentration than subjects with hyperspermia. This is because, hyperspermia led to a dilution of the
sperm concentration, leading to lower sperm count in the hyperspermia group. The result is
comparable to a study conducted in Sudan where majority of the subjects (89.7%) had normal semen
volume, only 10.3% had abnormal semen volume (Ahmed et al., 2009). The present study results are
comparable with a study conducted in Nigeria in which majority of the subjects (91%) had normal



semen volume, only 9% had abnormal semen volume i.e 7.3% hypospermia and 1.7% hyperspermia
(Nwafia et al., 2006). The observed hypospermia may be related to insufficiency of the bulbourethral
glands, seminal vesicles, vas-deference, seminiferous tubules in the testicles, epididymis and the
prostate glands because these organs secret seminal plasma (Frydman et al., 2016). This result
suggest that seminal fluid volume plays an important role in the etiology of male infertility.

Oligozoospermia is on the rise among subjects, especially among subjects above 31 years, but lower
in subjects 30 years and below (table 3). The result of the present study reveals that, a higher
percentage of participants had oligozoospermia compared with participants with azoospermia (figure
2, Table 2). This observation may be attributable to a myriad of causes including a decline in
testosterone and testicular function, leading to a depression in spermatogenesis. In their study,
Nsonwu-Anyanwu et al. (2019) observed a reduction in the antioxidation capabilities of Vitamin E and
Glutathione, whose concentrations are lower in the blood of azoospermic and oligozoospermic
participants. This leads to higher oxidative stress amongst infertile participants, resulting in damage to
spermatozoa by reactive oxygen species (Bhardwaj et al., 2000), resulting in oligospermia

Various semen quality disorders responsible for infertility such as oligozoospermia ‘and.azoospermia
recorded in this study are major contributory factors to infertility in Ghana, and are in agreement with
earlier studies in Ghana by Gyasi-Sarpong et al. (2017) and lkechebelu et al. (2003), Nwafia et al.
(2006), Ugwuja et al. (2008) in Nigeria. These factors may be responsible for, the poor semen
analysis outcomes obtained by the use of conventional infertility treatment methods (Blay et al.,
2020a; Gyasi-Sarpong et al., 2017). In many studies, the reported incidence of azoospermia ranges
between 12.32% to 16% (Kumar et al., 2015; Rikhasor et al., 2001; Butt et'al., 2013; Samal et al.,
2012), and oligozoospermia approximately 33% ( Jequier, 2010; Butt et al:, 2013; Kumar et al., 2015;
Samal et al., 2012) which are lower compared to the findings of this study. The higher prevalence of
oligospermia and azoospermia identified in this study compared to earlier studies could be attributable
to the fact that this study is a hospital base study eonducted amongst participants seeking treatment
for infertility. They may already be known to have one deleterious semen disfunction for which they
seek treatment.

In addition, this study revealed that the overall trend inisemen quality declined throughout the study
period. Cumulatively, the frequencies: of abnormalities detected in semen pH, volume, motility,
morphology and viability increased sturdily during the study period. Lower semen pH coupled with
lower semen volume may indicate an impairment to the release of seminal plasma as a result of an
obstruction. Higher seminal plasma pH can to attributed to infections of the reproductive system.
Laboratory turn-around time also greatly impacts semen pH, such that after ejaculation, semen pH
increases with delays in sample analysis. Abnormal pH reduces the sperm’s ability to fertilize an
ovum.

The result of this study shows that, oligozoospermia and azoospermia have the highest frequency
among the age:group 31 — 40 years and above. There is statistically significant association between
advanced male age (31-40 years and above) and abnormal semen quality (Table 3). This study
findings:is congruent.with several earlier studies (Urhoj et al., 2014; Das et al., 2013; Oliveira et al.,
2014). A ‘retrospective study conducted among 933 male partners of women attending the fertility
clinicin Chandigarh, India by Baliyan et al. (2017) and in Nigeria by Owolabi et al. (2013) all reported
an age-related decline in semen quality.

One plausible explanation for these results could be as a result of an age-related increase in
reproductive tract oxidative stress and/or increased testicular germ cell death as older men may
generate more sperms with DNA damages (Crosnoe et al., 2013; Dain et al., 2011; Frydman et al.,
2016). Oxidative stress within the testis and reproductive tract can damage sperm DNA, as well as,
the sperm mitochondrial and nuclear membranes (Das et al., 2013). Germ cell apoptosis during
spermatogenesis is a normal event, however, this process may be less effective in older men
resulting in the release of more DNA-damaged sperm (Kumar et al., 2015; Samal et al., 2012).
Indeed, older male testes may have lower apoptotic frequencies than young adult’s testes (Lirdi et al.,
2008). While apoptosis has been discovered in the testes of older men, no studies have been
conducted to compare the rates of germ cell death in men of various ages (Park et al., 2022). Studies
also show that there is a 1.6% decrease in serum testosterone levels with age, with free and
bioavailable levels reduce by 2-3% (Stanworth and Jones, 2008). Testosterone plays a major role in



semen production and maturation, hence, increase in age may lead to increase in abnormal semen
quality (Stanworth and Jones, 2008).

Good sperm motility is a requisite for normal fertilization. Spermatozoa travel a long-distance to meet
and fertilize the oocyte, so motility comes with sperm maturation in their passage through the
epididymis. The process of epididymal sperm maturation occurs under the influence of epididymal
proteins and other substances which produce structural and biochemical changes in the sperms.
Thus, motility is chiefly a parameter of male infertility and the reason for intracytoplasmic injection
(Owolabi et al., 2013). Prostatic changes, including smooth muscle atrophy, may affect sperm motility
(Harris et al., 2011, Leisegang et al., 2019).

The mean percentage of normal motile sperms is higher in normospermic samples as compared with
oligozoospermic samples (Table 2). Although advancing techniques had somewhat oovercome the
problems of sperm motility in infertile couples, asthenozoospermia is still a common:cause of human
male infertility (Owolabi et al., 2013). Sperm motility may be changing, as pertains to:other sperm
parameters and their relative levels may depend on the existing semen quality in the:individual (WHO,

1992). Declining sperm motility could also be due to age-related transformations in accessory sex
gland and epididymal function (Elzanaty, 2007, Henkel et al., 2005).

CONCLUSION AND RECOMMENDATIONS

Semen pH, sperm motility, morphology, viability and concentration may be the most informative
semen parameters used as measurement of infertility in Men. These parameters declined in this study
over the study period as the frequency of abnormalities in these parameters increased over the study
period.

Recommendations

1. There is the need for the incorporation of semen analysis into the national health insurance
scheme for easy access and treatment of infertility inymale partners.

2. Further studies are necessary to elucidate and classify role played by the various causes of
male factor infertility such as ‘varicocele; testicular infection (parasitic or viral), endocrine
disorders, and disturbances of hypothalamic-pituitary-testicular axis.

3. There is an urgent need for advocacy forsmen to accept responsibility for their contribution to
infertility and to reduce stigmatizing and ostracizing women for infertility.

4. There is also the need for advocacy for men to marry early if they desire raising children of
their own.

Limitations
The limitation of this study is that, a large number of the subjects have incomplete records and hence
could not be included in the study.

Consent (where-ever applicable)

Consent was sought from each participant before being included in the study. Consent form was
given to each participant to sign or thumb-print and confidentiality was assured. Subjects who did not
give their, consent were excluded from the study. A copy of the written consent is available for review
by the Editorial office of your journal.

Ethical approval (where ever applicable)

Ethical clearance was given by the committee for human publication and research ethics of the
University for Development Studies. All authors hereby declare that all experiments have been
examined and approved by the appropriate ethics committee and have therefore been performed in
accordance with the ethical standards laid down in the current October, 2013 amended Declaration of
Helsinki



REFERENCES

Abramsson, L. (1988). On the investigation of men from infertile relations. A clinical study with special
regard to anamnesis, physical examination, semen-, hormone-and chromosome analyses, from
men with non-" normal” semen. Scandinavian Journal of Urology and Nephrology., 113, 1-47.

Ahmed et al. (2009). Semen analysis of infertile Sudanese males in Gezira state central Sudan.
Sudanese Journal of Public Health, 4(3), 340-344.

Andolz, P., Bielsa, M. A., & Vila, J. (1999). Evolution of semen quality in North-eastern Spain: a study
in 22 759 infertile men over a 36 year period. Human Reproduction, 14(3), 731-735.

Asare-Anane, H., Bannison, S. B., Ofori, E. K., Ateko, R. O., Bawah, A. T., Amanquah, S. D., ... Ziem,
J. B. (2016). Tobacco smoking is associated with decreased semen quality. Reproductive
Health, 13(1), 1-6. https://doi.org/10.1186/s12978-016-0207-z

Baliyan, A., Dhingra, H., & Tahlan, A. (2017). Significance of sperm characteristics in the evaluation of
male infertility in a tertiary care centre. Annals of Pathology and Laboratory Medicine, 4(5),
A536—A540. https://doi.org/10.21276/apalm.1502

Bhardwaj, A., Verma, A., Majumdar, S., & Khanduja, K. L. (2000). Status of vitamin E and reduced
glutathione in semen of oligozoospermic and azoospermic patients. Asian Journal of Andrology,
2(3), 225-228.

Blay, R. M., Pinamang, A. D., Sagoe, A. E., Owusu, E. D. A,, Koney, N. K.-K., & Arko-Boham, B.
(2020). Influence of Lifestyle and Environmental Factors on:Semen Quality in Ghanaian Men.
International Journal of Reproductive Medicine, 2020(October), 1-7.
https://doi.org/10.1155/2020/6908458

Boivin, J., Bunting, L., Collins, J. A., & Nygren, K.'G. (2009). Reply: International estimates on
infertility prevalence and treatment seeking: Potential need and demand for medical care.
Human Reproduction, 24(9), 2380—-2383. https://doi.org/10.1093/humrep/dep218

Butt, F., & Akram, N. (2013a). Semen analysis parameters: Experiences and insight into male
infertility at a tertiary care hospital in Punjab. Journal of the Pakistan Medical Association, 63(5),
558-562.

Butt, F., & Akram, N. (2013b). Semen analysis parameters: Experiences and insight into male
infertility at a tertiary care hospital in.Punjab. Journal of the Pakistan Medical Association, 63(5),
558-562.

Carlsen, E., Giwercman; A., Keiding, N.; & Skakkebaek, N. (1992). Evidence for decreasing quality of
semen during past 50 years. BMJ, 305, 609-613.

Cooper, T. G.,, Noonan, E., von Eckardstein, S., Auger, J., Baker, H. W. G., Behre, H. M., ...
Vogelsong,. K.:M. (2009). World Health Organization reference values for human semen
characteristics. Human Reproduction Update, 16(3), 231-245.
https://dei.org/10.1093/humupd/dmp048

Covington, S. N.,.& Burns, L. H. (2006). Infertility counseling: A comprehensive handbook for
clinicians.,.Cambridge University Press.

Crosnoe, L. E., & Kim, E. D. (2013). Impact of age on male fertility. Current Opinion in Obstetrics and
Gynecology, 25(3), 181-185.

Dain, L., Auslander, R., & Dirnfeld, M. (2011). The effect of paternal age on assisted reproduction
outcome. Fertility and Sterility, 95(1), 1-8. https://doi.org/10.1016/j.fertnstert.2010.08.029

Das, M., Al-Hathal, N., San-Gabriel, M., Phillips, S., Kadoch, I. J., Bissonnette, F., ... Zini, A. (2013).
High prevalence of isolated sperm DNA damage in infertie men with advanced paternal age.
Journal of Assisted Reproduction and Genetics, 30(6), 843-848. https://doi.org/10.1007/s10815-
013-0015-0

Deye et al. (2013). Prevalence and risk factors for prehypertension and hypertension Moroccan
patients. Pharmacoepidemiology and Drug Safety. https://doi.org/10.1002/pds.3512



Evens, E. M. (2004). A global perspective on infertility: an under recognized public health issue. , 18,
1-40. University Center North Carolina at Chapel Hill, 18, 1—40.

Fisch, H. (2008). Declining worldwide sperm counts: disproving a myth. Urol Clin North Am, 35, 137—
146.

Frydman, R., & Grynberg, M. (2016). Introduction: male fertility preservation: innovations and
questions. Fertility and Sterility, 105(2), 247—-248.

Girsh, E., Katz, N., Genkin, L., Girtler, O., Bocker, J., Bezdin, S., & Barr, |. (2008). Male age
influences oocyte-donor program results. Journal of Assisted Reproduction and Genetics, 25(4),
137-143. https://doi.org/10.1007/s10815-008-9215-4

Gnoth, C., Godehardt, E., Frank-Herrmann, P., Friol, K., Tigges, J., & Freundl, G. (2005). Definition
and prevalence of subfertility and infertility. Human Reproduction, 20(5), 1144-1147.
https://doi.org/10.1093/humrep/deh870

Gyasi-Sarpong, C. K., Maison, P. O. M., & Koranteng, A. K. (2017). The pattern.of maleinfertility in
Kumasi, Ghana. African Journal for Infertility and Assisted Conception; 2(1), 3.

Harris, 1. D., Fronczak, C., Roth, L., & Meacham, R. B. (2011). Fertility and the Aging Male. 13(4),
184—-190. https://doi.org/10.3909/riu0538

Hellstrom, W. J. G., Overstreet, J. W., Sikka, S. C., Denne, J., Ahuja, S., Hoover,.A. M., ... Whitaker,
J. S. (2006). Semen and sperm reference ranges for men 45 years'of age and older. Journal of
Andrology, 27(3), 421-428. https://doi.org/10.2164/jandrol.05156

Ikechebelu, J. 1., Adinma, J. I. B., Orie, E. F., & lkegwuonu, S. O. (2003). High prevalence of male
infertility in southeastern Nigeria. Journal of Obstetrics and Gynaecology, 23(6), 657—659.

Jensen et al. (2002). Poor semen quality may contribute to recent decline in fertility rates. Hum
Reprod., 17, 1437-1440.

Jequier, A. M. (2010). Semen analysis: A new:manual and its application to the understanding of
semen and its pathology. . Asian': Journal of Andrology, 12(1), 11-13.
https://doi.org/10.1038/aja.2009.12

Jorgensen et al. (2001). Regional differences in. semen quality in Europe. Hum Reprod., 16, 1012—
1019.

Kidd, S. A., Eskenazi, B.,; & Wyrobek, A. J. (2001). Effects of male age on semen quality and fertility:
a review of the literature. Fertility:and Sterility, 75(2), 237-248.

Kleinhaus, K., Perrin, M., Friedlander, Y., Paltiel, O., Malaspina, D., & Harlap, S. (2006). Paternal age
and spontaneous abortion./Obstetrics & Gynecology, 108(2), 369-377.

Kumar, Nz Choudhari, A. R., & Singh, A. K. (2015). Prevalence of male factor infertility in last ten
years at ‘a:rural tertiary care centre of central India: a retrospective analysis. Indian Journal of
Obstetrics, and: Gynaecology Research, 2(3), 132-136. https://doi.org/10.5958/2394-
2754.2015.00002.8

Leaver, R. B. (2016). Male infertility: an overview of causes and treatment options. British Journal of
Nursing, 25(18), 35—40.

Levine, H., Jargensen, N., Martino-Andrade, A., Mendiola, J., Weksler-Derri, D., Mindlis, 1., ... Swan,
S. H. (2017). Temporal trends in sperm count: A systematic review and meta-regression
analysis. Human Reproduction Update, 23(6), 646—659. https://doi.org/10.1093/humupd/dmx022

Li, W. N., Jia, M. M., Peng, Y. Q., Ding, R., Fan, L. Q., & Liu, G. (2019). Semen quality pattern and
age threshold : a retrospective cross-sectional study of 71 , 623 infertile men in China , between
2011 and 2017. 2, 1-8.

Milardi, D., Grande, G., Sacchini, D., Astorri, A. L., Pompa, G., Giampietro, A., ... Marana, R. (2012).
Male fertility and reduction in semen parameters: A single tertiary-care center experience.
International Journal of Endocrinology, 2012. https://doi.org/10.1155/2012/649149



Nwafia, W. C., Igweh, J. C., & Udebuani, I. N. (2006). Semen analysis of infertile Igbo males in
Enugu, Eastern Nigeria. Nigerian Journal of Physiological Sciences : Official Publication of the
Physiological Society of Nigeria, 21(1-2), 67—70. https://doi.org/10.4314/njps.v21i1-2.54254

Oliveira, J. B. A., Petersen, C. G., Mauri, A. L., Vagnini, L. D., Baruff, R. L. R., & Franco, J. G. (2014).
The effects of age on sperm quality: An evaluation of 1,500 semen samples. Jornal Brasileiro de
Reproducao Assistida, 18(2), 34—41. https://doi.org/10.5935/1518-0557.20140002

Owolabi, A. T., Fasubaa, O. B., & Ogunniyi, S. O. (2013). Semen quality of male partners of infertile
couples in lle-Ife, Nigeria. Nigerian Journal of Clinical Practice, 16(1), 37-40.
https://doi.org/10.4103/1119-3077.106729

Paul, C., & Robaire, B. (2013). Ageing of the male germ line. Nature Reviews Urology, 10(4), 227—
234. https://doi.org/10.1038/nrurol.2013.18

R. A. ANDERSON?, A. M. WALLACE, A. F. C. W. W. (1996). Comparison between Testosterone
Enanthate-Induced Azoospermia and Oligozoospermia in a Male Contraceptive Study. lIl.
Higher Sa-Reductase Activity in Oligozoospermic Men Administered Supraphysiological Doses
of Testosterone*. Journal of Clinical Endocnnolugy and Metabolism, 18(3), 903—907.

Rikhasor, R. M., Rathi, S. L., Jalbani, M. H., & Pirzada, Z. A. (2001). Semen analysis of infertile men
and plasma levels of LH, FSH, and Testosterone in oligospermia. Medical Channel, 7(2), 30.

Rolf, C., Behre, H. M., & Nieschlag, E. (1996). Reproductive parameters of older compared to
younger men of infertile couples. International Journal of Andrology, 19(3), 135-142.
https://doi.org/10.1111/j.1365-2605.1996.tb00451.x

Rolland, M., Le Moal, J., Wagner, V., Royere, D., & De. Mouzon,J. (2013). Decline in semen
concentration and morphology in a sample of 26,609 men close to general population between
1989 and 2005 in France. Hum Reprod., 28, 462-470.

Rolland, M., Le Moal, J., Wagner, V., Royere, D., & De;Mouzon, J. (2013). Decline in semen
concentration and morphology in a sample of 26 609 men close to general population between
1989 and 2005 in France. Human‘Reproduction, 28(2), 462—470.

Roupa, Z., Polikandrioti, M., Sotiropoulou, P., Faros, E., Koulouri, A., Wozniak, G., & Gourni, M.
(2009). Causes of infertility in women at reproductive age. Health Science Journal, 3(2), 80-87.

Samal, S., Dhadwe, K., Gupta,:U., & Gupta, N. K. (2012). Epidemiological study of male infertility.
Indian Medical Gazette, 5(174-80).

Samal, S., & Dhadwe, K. (2012). Epidemiological Study of Male Infertility. Indian Medical Gazette,
(May), 174-180:

Schlegel, P. N. (2004). Causes of azoospermia and their management. Reproduction, Fertility and
Development, 16(5), 561-572.

Schwartz, D.; Mayaux, M. J., Spira, A., Moscato, M. L., Jouannet, P., Czyglik, F., & David, G. (1983).
Semen characteristics as a function of age in 833 fertile men. Fertility and Sterility, 39(4), 530—
535. https://doi.org/10.1016/S0015-0282(16)46946-3

Sengupta;. P., Nwagha, U., Dutta, S., Krajewska-Kulak, E., & lzuka, E. (2017). Evidence for
decreasing sperm count in african population from 1965 to 2015. African Health Sciences, 17(2),
418-427. https://doi.org/10.4314/ahs.v17i2.16

Spandorfer, S. D., Avrech, O. M., Colombero, L. T., Palermo, G. D., & Rosenwaks, Z. (1998). Effect of
parental age on fertilization and pregnancy characteristics in couples treated by intracytoplasmic
sperm injection. Human Reproduction, 132334-338.

Stone, B. A, Alex, A., Werlin, L. B., & Marrs, R. P. (2013). Age thresholds for changes in semen
parameters in men. Fertility and Sterility, 100(4), 952—-958.

Swan, SH., Elkin, EP., & Fenster, L. (2000). The question of declining sperm density revisited: an
analysis of 101 studies published 1934-1996. Environ Health Perspect., 108, 961-6.

Ugwuja, E. 1., Ugwu, N. C., & Ejikeme, B. N. (2008). Prevalence of low sperm count and abnormal



semen parameters in male partners of women consulting at infertility clinic in Abakaliki, Nigeria.
African Journal of Reproductive Health, 12(1), 67-73. https://doi.org/10.2307/25470635

Urhoj, S. K., Jespersen, L. N., Nissen, M., Mortensen, L. H., & Nybo Andersen, A. M. (2014).
Advanced paternal age and mortality of offspring under 5 years of age: a register-based cohort
study. Human Reproduction, 29(2), 343-350.

Wallach, E. E., Kidd, S. A., Eskenazi, B., Ph, D., Wyrobek, A. J., & Ph, D. (2001). Effects of male age
on semen quality and fertility : a review of the literature. 75(2), 237-248.

Zegers-Hochschild, F., Adamson, G. D., De Mouzon, J., Ishihara, O., Mansour, R., Nygren, K., ... Van
Der Poel, S. (2009). The International Committee for Monitoring Assisted Reproductive
Technology (ICMART) and the World Health Organization (WHO) Revised Glossary on ART
Terminology, 2009. Human Reproduction, 24(11), 2683-2687.
https://doi.org/10.1093/humrep/dep343

BLAY, R. M., PINAMANG, A. D., SAGOE, A. E.,, OWUSU, E. D. A., KONEY, N. Ki-K. & ARKO-
BOHAM, B. 2020. Influence of lifestyle and environmental factors on.semen:quality in
Ghanaian men. International journal of reproductive medicine, 2020.

CORONA, G., JANNINI, E. A., VIGNOZZI, L., RASTRELLI, G. & MAGGI, M. 2012. The hormonal
control of ejaculation. Nature Reviews Urology, 9, 508-519.

ELZANATY, S. 2007. Association between age and epididymal and accessory;sex gland function and
their relation to sperm motility. Archives of andrology, 53, 149-156.

GYASI-SARPONG, C. K., MAISON, P. O. M. & KORANTENG, A. K:#2017. The pattern of male
infertility in Kumasi, Ghana. African Journal for Infertility and Assisted Conception, 2, 3.
HARRIS, I. D., FRONCZAK, C., ROTH, L. & MEACHAM, R. B. 2011. Fertility and the aging male.

Reviews in urology, 13, €184.

HENKEL, R., MAASS, G., SCHUPPE, H.-C., JUNG, A., SCHUBERT, J. & SCHILL, W.-B. 2005.
Molecular aspects of declining sperm matility in older men. Fertility and Sterility, 84, 1430-
1437.

IKECHEBELU, J., ADINMA, J., ORIE, E. & IKEGWUONU, S:;2003. High prevalence of male infertility
in southeastern Nigeria. Journal.of Obstettics and Gynaecology, 23, 657-659.

LEISEGANG, K., HENKEL, R. & AGARWAL, A.'2019.,Obesity and metabolic syndrome associated
with systemic inflammation.and the impact on'the male reproductive system. American journal
of reproductive immunology; 82, e13178.

LIRDI, L. C., STUMPP, T., SASSO-CERRI, E. & MIRAGLIA, S. M. 2008. Amifostine protective effect
on cisplatin-treated. rat testis. The Anatomical Record: Advances in Integrative Anatomy and
Evolutionary Biology: Advances in:Integrative Anatomy and Evolutionary Biology, 291, 797-
808.

NSONWU-ANYANWU, A. C;, EKONG, E. R., OFFOR, S. J., AWUSHA, O. F., ORJI, O. C., UMOH, E.
[, OWHORJL;. J. A, EMETONJOR, F. R. & USORO, C. A. O. 2019. Heavy metals,
biomarkers of oxidative stress and changes in sperm function: A case-control study.
International Journal of Reproductive BioMedicine, 17, 163.

NWAFIAW., IGWEH, J. & UDEBUANI, |. 2006. Semen analysis of infertile Igbo males in Enugu,
Eastern:Nigeria. Nigerian Journal of Physiological Sciences, 21.

PARK, H:-J., KIM, J.-S., LEE, R. & SONG, H. 2022. Cisplatin Induces Apoptosis in Mouse Neonatal
Testes Organ Culture. International Journal of Molecular Sciences, 23, 13360.

SAMAL, S., DHADWE, K., GUPTA, U. & GUPTA, N. 2012. Epidemiological study of male infertility.
Indian Medical Gazette, 5, 174-80.

STANWORTH, R. D. & JONES, T. H. 2008. Testosterone for the aging male; current evidence and
recommended practice. Clinical interventions in aging, 3, 25-44.

UGWUJA, E., UGWU, N. & EJIKEME, B. 2008. Prevalence of low sperm count and abnormal semen
parameters in male partners of women consulting at infertility clinic in Abakaliki, Nigeria.
African journal of reproductive health, 12, 67-73.



