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Abstract

This literature review delves into the multifaceted aspef infertility, providing a comprehensive
examination of semen abnormalities, etiological factansl advancements in reproductive medicine, with a
particular focus on in vitro fertilization (IVF). The defilit of infertility as the failure to achieve pregnancy
within 12 months of unprotected intercourse is outlinedphamizing the distinction between infertility,
subfertility, and sterility. Epidemiological insights relee global prevalence of infertility, underscoritgt
males contribute to 20-30% of cases. A historical persgeotiveals a concerning decline in sperm quality
over the decades, with studies indicating a significadtiction in sperm count, motility, and morphology.
Noteworthy findings from diverse regions, including Afriéurope, Tunisia, and Indonesia, underscore the
global relevance of male infertility. Specific semen abnormalities suchs oligozoospermia,
asthenozoospermia, teratozoospermia, azoospermia, Waspermia are discussed, shedding light on their
clinical implications. The etiology section exploresivus factors contributing to male infertility, including
varicocele, mitochondrial mutations, lifestyle cheioggmoking, obesity), and exposure to environmental
toxins. The pathophysiology section elucidates how tifi@sters impact testicular function, mitochondrial
DNA, and hormonal balance, ultimately affecting spermategjsnand sperm quality. In the context of
assisted reproductive technologies, the paper delves iatooth of IVF, with a particular emphasis on
intracytoplasmic sperm injection (ICSI). The procedural detdild/F, success rates, and its pivotal role in
managing compromised semen parameters are discussed. Titaetatncludes by acknowledging the
prevalence of female infertility, highlighting key epidefngical insights, etiological factors, and
management strategies, underscoring the broader coftextroductive health.

Keywords: Infertility , Semen abnormalities, Reproductiveioiae

1. Introduction

Male and female infertility standas a prominent concerrin the landscapeof reproductive health,
transcending geographical and cultural boundaries. Ttegatire review embarks on a comprehensive
exploration of male infertility, embracing facets of sgnabnormalities, etiological factors, pathophysiglog
and advancements assisted reproductive technologies, particulanyvitro fertilization (IVF). The
conventional definition of male infertility revolvesaaind the failure to achieve pregnancy through frequent,
unprotected sexual intercourse within a 12-month timefr@ander Borght and Wyns, 2018). This
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delineation distinguishes infertility from subfertilitywhere couples face reduced fertility, and sterility,
representing a perpetual stadvé infertility. Significantly, males contribute substatlly to infertility,
accountingor 20-30%of cases globally (Vander Borght and Wyns, 2018).

Epidemiological insights underscore the pervasive naitin@fertility, affecting one in seven couples in
Western nations and one in four couples in developing nafitersder Borght and Wyns, 2018). Regional
variations are evident, with higher prevalence in Afiaca Central/Eastern Europe (Agarwal et al., 2015).
Historical data indicating a declifie semen quality from the 198@sthe present day emphasizes the urgency
of investigating contributing factors (Kumar and Singh, 20T literature further dissects specific semen
abnormalities, including oligozoospermia, asthenozoospernieratozoospermia, azoospermia, and
leukospermia. Oligozoospermia, marked by decreased sperm ceangs in severity, while
asthenozoospermia involves reduced sperm motility (Castafiala2018). Teratozoospermia, characterized
by abnormal sperm morphology, and azoospermia contrilbuteet complex landscape of male infertility
(Castafieda et al., 2018). Leukospermia, marked by elevated Wdotke dell concentrations, emerges as a
significant factor linkedo impaired spermatogenesis and subclinical genital imammation (Khodamoradi
etal., 2020).

The etiology of male infertility is multifactorialneompassing genetic, environmental, and lifestyleofact
Varicocele, a common vascular abnormality, is idertifas a leading etiological factor (Barak and Baker,
2016). Mitochondrial mutations, influenced by oxidative strigapact flagellar movement and fertility (Dada
et al., 2008). Lifestyle choices, such as smoking, alcobesumption, and poor dietary habits, compromise
sperm quality (Durairajanayagam, 2018). Exposure to environmexiak tcontributes to oxidative stress,
leading to mitochondrial DNA mutations and sperm abmditias (Pizzino et al., 2017). Subsequent sections
delve into the pathophysiology of male infertility, etlating how varicocele, mitochondrial mutations,
lifestyle factors, and environmental exposures adverd@dgtatesticular function, hormonal balance, and
sperm quality. Moreover, a critical exploration of IVF, wihspecific focus on intracytoplasmic sperm
injection (ICSI), is undertaken to assess its role inesdiing compromised semen parameters. In conclusion,
this literature review lays the foundatiofor an in-depth analysis of male infertility, integrating
epidemiological data, etiological insights, and advanogsi reproductive medicine. By unraveling the
complexities of male infertility, this review contributedo a comprehensive understandin§l factors
influencing male reproductive health, informing futursearch and clinical interventions.

1. Review Content
2.1 MaleInfertility

2.1.1 Definition

Infertility is defined as a failure in having a pregnafrom frequent, unprotected sexual intercourse
in a timeframe of 12 months. Subfertility is any form refluced fertility in couples trying to achieve
pregnancy. The difference between infertility and stgiii its time frame. Infertility is restricted tocartain
time period, which is 12 months, and sterility is regttricted by a time period, meaning being in a permanent
state of infertility. Male infertility by itself isvhen males are the cause of the failure of pregnancguples
(Vander Borght and Wyns, 2018).

2.1.2 Epidemiology

It is estimated that one in seven western couples anth@wvery four couples in developing nations
experience infertility. Males are found to be respdesfbr 20-30% of infertility. A study was done by
Agarwal et al in 2015 which showed that Africa and Central/Eastern Europe, male infertility was
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highest. It is estimated that 8-12% of couples worldwideafieeted by infertility (Vander Borght and Wyns,
2018). As early as the 1980s numerous studies had been done alutietioeation of semen quality. It can
be concluded from numerous articles, between 1938 and 1998etresperm count of healthy men declined
by 1%. A significant 50% reduction in the mean sperm count from 113 x 106 mL—1 in 1940 to 66 x 106
mL—1 in 1990 and in the seminal volume from 3.40 to 2.75 mL. A meta-analysis has been done and can be
concluded that sperm density has decreased globally by &b&utover the past 50-60 yealswas also
found from a study done in Finland that there was a dexirasemen quality in the general population from
1998-2006. Another study conducted in Southern Tunisian between 1898087 on a sample of 2940
infertile males found a deterioration semen quality during a 12-year period. A retrospective sisabf
9168 casesf men from ages 20-77 which were collected from the Andsoénd Reproduction Laboratory
in Cordoba, Argentina over a ten-year period revealednifisant decrease in seminal volume, sperm count,
motility, viability, and normal morphology which werrelated to age. In addition, a study conducted at the
Reproduction Biology Laboratory of the University HospivaIMarseille (France) between 1988 and 2007
that included the analysis of semen from 10,932 male partofeinfertile couples found that overall
population sperm concentration (1.5%/year), total sperm dduio/year), total motility (0.4%/year), rapid
motility (5.5%/year), and normal morphology (2.2%/year) wdraleclining. The same patterns of sperm
quality degradation with time were also seen in the groupagen samples with a total normal sperm count
(Kumar and Singh, 2015). In Indonesia, data was taken from dPutj. Sri Lasmini, Sp.OG(K) clinic was
founded in 2015, 218 couples were infertile, in 2016, 304 couplesinferéle, and in 2017, 184 couples
were infertile. About 36% of infertility in those couplescaused by males (Susilawati and Restia, 2019).
Research was done by Wahyustial in 2020 about the incidenoé maleinfertility in dr, Soetomo hospitah
Surabaya. The research shows that from 123 people, shk@se (0.8%) of oligozoospermia (0.8%), 2 cases
(1.6%) of asthenozoospermia, 30 cases (24.8%deratozoospermia, 1 case (0.88b)
oligo-astheno-zoospermia, 4 cases (3.2%gligo-terato-zoospermia, and 34 cases (27.6Pastheno-terato-
zoospermia, 21 cases (178&bpligo-astheno-terato-zoospermia (Wahyeidil., 2020).

2.2 Semen Abnormalities

2.2.1 Oligozoospermia

Oligozoospermiais an abnormality that happens when the numbérspermin the ejaculate
decreases which decreases the odds that one of the wpkfentilize the oocyte. Sperm under 15 million
sperm/mlis consideredas oligozoospermialt is further divided into mild(10-15 million sperm./ml),
moderatg5-10 million sperm/ml), and severegmillion sperm/ml) (Castafieda al., 2018).

2.2.2 Asthenozoosper mia

Asthenozoospermia is defined as low sperm motiliper8 motility depends on energy availability
and is the flagellum fully functioning or not which willctease the chance of the sperm to reach the oocyte
(Tu et al., 2020). Complete asthenozoospermia, which is 100%tilarspermatozoa, is a very rare case
foundin about lin 5000 men (Castafie@aal., 2018).

2.2.3 Teratozoospermia

Teratozoospermiais an abnormality thatis characterized by the abnormal morphology of
spermatozoalt is important to differentiate mixed abnormalities of spenorphology from those in which
all of the sperm show the same abnormality usually called monomorphic teratozoospermia.
Macrozoospermia and globozoospermia are soofiethe well-known examplesof monomorphic
teratozoospermia (Castafieda et al., 2018). Macrozoosp&sraivery rare condition that is characterized by
oversized misshapen heads with multiple flagella which edllt in miscarriage when the abnormal sperm
combines with an oocyte cell (Ray et al., 2022). Besidasrozoospermia, globozoospermia is also a very
rare condition thais characterizedy the round headf spermatozoa, lacking acrosome, abnormal nuclear
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shape, andn abnormal arrangememf the mitochondria (Castafie@d al., 2018). This can affect male
fertility since the sperm is lacking acrosome. Theosmme is important for the sperm for gamete fusion,
binding, and penetratiaof the zona pellucida (Berruti and Paiardi, 2011).

224  Azoospermia

Azoospermiais a condition where there areo presenceof spermatozoain the ejaculate.
Azoospermia can be divided into obstructive azoospermdh ron-obstructive azoospermia. Obstructive
azoospermia is the absence of spermatozoa in the a@adspite normal spermatogenesis. Patients with
obstructive azoospermia can still be treated by IVF bynspetrieval since the cause of the absence of
spermatozoa in the ejaculate is the obstruction (Bal&iSabanegh, 2013). Non obstructive azoospermia is
the absence of spermatozoa in the ejaculate which isct@ydailure in spermatogenesis. On the other hand,
treatment of non-obstructive azoospermia would be diffisinite their spermatogenesis is impaired (Chiba,
Enatsu and Fujisawa, 2016).

225 Leukospermia

Leukospermia is defined as a condition when there is anrmblip high concentration of white
blood cells in the semen. Some studies has shown thiaislgermia has a negative prognostic factor for
infertility. It theorized to be caused by several thirfgs,example leukospermia can impair spermatogenesis
and sperm maturation and subclinical genital tract inflanamatan lead to impairment of spermatogenesis
by altering cytokine levels, which will then impair sert@ll functions. It has been studied that leukospermia
interferes with the acrosome reaction and the fusfosperm and oocyte. Because of this, the presence of
WBC in the seminal plasmia considereédsa significant factoin failure of IVF (Khodamoradetal., 2020).

2.3 Etiology

A research done in Dr. Cipto Mangunkusumo Hospital in Jalabstaut the etiologies of male
infertility stated that varicocele is the most conmatiology. Symptoms include swelling and a dragging
sensation in the scrotum (Barak and Baker, 2016). Mitochdmdtitation can cause impairment in flagellar
movement. Mitochondrion and mitochondriBINA (mtDNA) are importantin a lot of physiological
processes, such as providing energy via oxidative phodpltiory Thus, any mutation disrupting this energy
pathway and further production of adenosine triphosphat@)Awill reduce impaired flagellar movement.
Mutations in mtDNA are proven to be caused by oxidatikess and influence the fertility of an individual
(Dada et al., 2008). Lifestyle can also affect sperm qud&ityoking, alcohol, and unhealthy diets will affect
sperm quality. Cigarettes contain harmful toxins which wilbair sperm function, motility, and morphology
(Durairajanayagam, 2018). Obesity can also affect male litfednd cause sperm abnormalities. Several
studies have shown that an increase in BMI will cause rddoiesma concentration of sex hormone binding
globulin (SHBG) and decreases testosterone while increasisghplconcentration of estrogen. Obesity can
also cause the temperature of the scrotum to incrglaish also harms the process of spermatogenesis (Katib,
2015). Exposurdo free radicals suclas pollution, heavy metals (cadmium, mercury, lead, arsgrac),
certain drugs (cyclosporin, tacrolimus, gentamicin, and bjeomj cigarette smoke, alcohol, and radiation
can cause an increased chance of asthenozoosperm@seadrée radicals can cause oxidative stress which
results in a mutation in the mitochondrial DNA (mtDN@izzino et al., 2017). An unhealthy diet can also
lead to sperm abnormalities. Not having a healthyrdiey lead to obesity resulting in sperm abnormalities.
Obesity will cause a decreasetestosterone arahincreasen estrogen (Katib, 2015).

2.4 Pathophysiology

Varicocele has a negative effect on testicular famctSeveral theories have been advanced, which
include vascular stasis, interference with oxygenabeank pressure, refluaf renalor adrenal products into
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the pampiniform plexus, ROS generation, and interferemith the heat exchange functioof the
pampiniform plexus (Shlomi Barak and HWG Baker, 2016). Th@ahdndrion and mitochondrial DNA
(mtDNA) are really important in a lot of physiological pesses. Oxidative energy supply is controlled by
them which are important for growth development and @ifféation. Mitochondrial function is controlled by

a fine-tuned crosstalk between mtDNA and nuclear DNA.n#iochondria supply energy by oxidative
phosphorylation, when a mutation happens, adenosine tpipatasproduction will be disrupted which results
in impaired flagellar movement. Furthermore, the midpietthe sperm contains a few mtDNA copies, so
when a mitochondrial mutation occurs, the sperm willged enough ATP resulting in a decrease in mobility
(Dadaet al., 2008).t is studied that obesity will causm elevated concentratioof insulin which resultsn

the suppression of hepatic SHBG. Lower sex hormone-birglotmlin means lower testosterone and higher
estrogen levels (Cooper et al., 2015). Testosteronedsiugiee spermatogenesis process, therefore a decrease
in testosterone levels will inhibit spermatogenesisuylteng in abnormal sperm. Changes in the levels of sex
steroids could feed back at the hypothalamic axis to sspmenadotropins. FSH, LH, and inhibin B are
hormones needed in the regulation of sertoli cell foncind spermatogenesis (Katib, 2015). Obesity has a
negative effect on the temperature of the scrotum stuidied that in individuals with obesity, gonadal heat is
raised resulting from increased scrotal adiposity. Tenyreswithin the scrotum will be elevated from the
optimal temperature which is 34-35°C, which would harm thensmells and it is associated with reduced
sperm motility (Katib, 2015).

2.5 InVitroFertilization

251 Intracytoplasmic SpermInjection (ICSI)

In vitro fertilization has a huge role in the managemenfeaiale infertility. However, in the
treatment of compromised semen parameters, conventigRais proved to be not as good of a tool. A
breakthrough was done in the treatment of male infgridiitused by the development of intracytoplasmic
sperm injection (ICSI) (Stephens, Arnett, and Meacham, 2013).

252 Procedure

IVF beginswith the stimulatiorof the ovary. GnRH are usédl eliminate avoman’s LH surge which
allows the physician to time oocyte retrieval. Oaaristimulation is done so that approximately 10 to 20
oocytes are retrieved. There are two main protocdnaluteal GnRH agonist or a GnRH antagonist cycle.
The long luteal GhRH agonist protocol starts with adriaimg 0.1 mg GnRH agonist daily starting on cycle
day 21 in the preceding month. This will turn off the p#ntsecretion of LH and FSH during the ovarian
stimulation, and then GnRH agonist is continued to kenguntil the hCG. Gonadotropins are administered
starting on cycle day 2. The hCG injection is given wheieast three follicles reach 18 mm in size. The
GnRH antagonist protocol starts with administrating gomagots daily starting on cycle day 2 or 3. The
GnRH antagonist will start to block the endogenous LHjeswhen the lead follicular diameter reaches 14
mm or on the sixth dy of ovarian stimulation. Wherat least three follicles reach 18 mm, hG&
administered. Mature oocytes are retrieved 34 to 36 hotasEG is given. Oocyte retrieval is done by
using ultrasound-guided transvaginal aspiration and intravesedation. Ovaries are visualized using a
vaginal ultrasound probe and by using a needle guide which thelgshysician direct the needle into each
follicle and aspirate the oocyte (Choe, Archer and Sh&tk&)). Fertilized embryos are then transferred at
the cleavage stage whids 3 days after fertilization or at the blastocyst staghich is 5 days after
fertilization. The embryos are transferred by usingtaeter which is passed through the cervix and into the
uterine cavity by using ultrasound to guide the placement (Gtroker and Shanks, 2020). There are several
markers that can show whether a female is consideredgmiegr not, which is hcg and progesterone. Both
need to be observed since by using only one marker, it is not enough, and it can’t be certain. A female is
considered as pregnant when the hcg level is above 2Bmhl@Anderson and Ghaffarian, 2020) and
progesterone about 80 nmol4.(Ku etal., 2018).
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2.5.3 Success Rate

It has been researched that the success rate of VIS vaiech depends on the age of the female
partner. It has been shown that the pregnancy rateowfew below 35 years old is 46.2%,-3%-year-old
women with 38.5%, 3810-year-old women with 29.3%, 442 year old women with 19.5%, and women
above 42 years old with 9.1% (Stephens, Arnett and Meach@13).

2.6 Female Infertility

2.6.1 Epidemiology

Female infertility is when a couple is experiencing inlfgrt and the female is the cause of the infestilit
Research was done by the National Survey of Family tro¥2,000 women were interviewed, and it was
concluded that as a woman gets older, the chances oflitféntireases. Women aged 15-34, infertility rates
ranged from 7.3-9.1%, in women aged 35-39, the fertditgs increased to 25%, and women aged 40-44, had
30% chancef infertility.

26.2 Etiology

Several etiology of female infertility are ovulatory atiders, endometriosis, pelvic adhesions, tubal
blockage, and uterine abnormalities (Walker and Tobler, 20&8)eral risk factors of female infertility
include poor lifestyle such as having an intense exeregieen, eating disorders or poor diet, and smoking
(Walker and Tobler, 2020).

2.6.3 Pathophysiology

Ovulatory disorders are the most common cause of feinédility. Anovulation is when no
oocytes are released monthly resulting in infertilityH®@/ further categorizes ovulatory disorder into four
classes. Hypogonadotropic hypogonadal anovulatifor example hypothalamic amenorrhea,
normogonadotropic normoestrogenic anovulatifim example polycystic ovarian syndrome (PCOS),
hypergonadotropic  hypoestrogenic anovulatiofor example premature ovarian failure, and
hyperprolactinemic anovulation for example pituitary adend@Walker and Tobler, 2020). Hypothalamic
amenorrheais associated with eating disorders and excessive exergsaltingin a decreaséen the
hypothalamic GnRH secretion. Decreased caloric inasgciated weight loss, or excessive exercise leads to
increased cortisol levels, which causes a suppressi@nRf. The decrease of GhRH results in a decrease in
the release of gonadotropins, FSH, and LH from theiantgituitary gland. This will result in the abnormal
growth of the follicle, anovulation, and low estrogewels (Walker and Tobler, 2020). PCOS is one of the
types of normogonadotropic normoestrogenic anovulation. PBQ&sociated with the dysfunction of
developing a mature follicle. Abnormal pulsatimfilGnRHis a possible cause (Walker and Tobler, 2020).

Premature ovarian insufficiency and ovarian resistagaogne of the types of hypergonadotropic
hypoestrogenic anovulation and is associated with females’ age. This is due to a steady decline in the quality
and quantity of the patient;s oocytes. In terms of quarditgwborn has 1 million follicles, it is then starting
to decrease as they age. During puberty, the number dectes3®0,000 and continues to decrease (Walker
and Tobler, 2020). Endometriosis is defined as endomgssale outside of the uterine cavity. Endometriosis
is commonly found in the pelvis but can also spread througheutntire abdomen. It is categorized into four
stages, stage | being minimal until stage 1V for sevéhe pathophysiology of endometriosis is believed to
change according to the stage. Stage | and Il is assouitleitiflammation with an increase of production of
prostaglandins and cytokines, macrophages, and natura &élls. It impairs ovarian and tubal function
which results in defective follicular formation, fertilizai, and implantation. Stage Ill and IV are associated
with pelvic adhesions and masses that distort thegpahatomy which will impair tubal motility, oocyte
release, and sperm motility (Walker and Tobler, 2020)i¢aind tubal adhesion are caused by infectious
processes and the most comnwpelvic inflammatory disease (PID)he microorganism thas associated
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with PID is Chlamydia trachomatis (Walker and Tobler, 2020grite abnormalities are associated with
space-occupying lesioms reduced endometrial receptivity. The most found abnliyma uterine septusa It

is a congenital uterine abnormality, and it was reseagrtat about 25% of women with a late first trimester
or second trimester miscarriages are fotolthve congenital uterine abnormality (Walker and Tol2@20).

2.64 Management

Women with a BMI of less than 17 kg/m”~2 with a historyraénse exercise regimens or women with eating
disorders or poor diet, and smoking habits are more lilcelgxperience infertility. Lifestyle changes are
needed to treat infertility (Walker and Tobler, 2020). IVF e ®f the effective treatments for female
infertility. Research was done by collecting pregnarags data from several studies. It compares the
pregnancy rates between different treatments. Woméemingértility who were given no treatment had 1.3-
3.8% pregnancy rate, IUl alone had 4% pregnancy rate, mh@mé citrate had 5.6%, clomiphene citrate with
Ul had 8.3%, gonadotropins had 7.7%, gonadotropins with Ul had 17ntP4\Vé& had the highest with
20.7% pregnancy rate (Walker and Tobler, 2020).

2. Conclusion

In conclusion, this literature review provides a comprelensverview of male infertility, covering semen
abnormalities, etiological factors, and advancementssgisted reproductive technologies. The multifaceted
aspects of mleinfertility, influencedby genetic, environmental, and lifestyle factors, undeescthe neetbr
holistic clinical approaches. Advances in in vitro ifezdtion, especially intracytoplasmic sperm injection,
offer promising solutions. The global prevalence otitifity and the decline in semen quality over time
highlight the urgency for ongoing research and interveatto enhance diagnosis and treatment modalities,
ultimately improving outcomes for couples facing reprodecthallenges.
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