769

RBMO VOLUME 44 ISSUE 5 202 2

COUNTERCURRENT

Who cares about oligozoospermia when we
have ICSI
Sandro C. Esteves1,2,3,*

ABSTRACT

The value of assessing subfertile males with oligozoospermia is controversial due to prevailing notions that
therapies are limited and ICSI may provide the couple with a baby without the need to explain the nature or cause
of underlying male infertility. This article highlights that indiscriminately offering ICSI to oligozoospermic men
is not free of potential adverse effects and does not grant subfertile men the best fertility pathway. Recent data
support associations between oligozoospermia and poor male reproductive health, DNA and epigenetic damage in
spermatozoa, and possible adverse health consequences to offspring. Many conditions affecting the testicles are
capable of causing oligozoospermia (varicocele, genital infections, congenital and genetic defects testicular torsion/
trauma, chronic diseases, inadequate lifestyle, occupational/environmental exposure to toxicants, drugs, cancer and
related treatments, acute febrile illness, endocrine disorders, and iatrogenic damage to the genitourinary system).
If oligozoospermia is detected, therapeutic interventions can improve sperm quantity/quality and the overall male
health, ultimately resulting in better pregnancy outcomes even when ICSI is used. Fertility clinics are urged to
engage male infertility specialists in diagnosing and treating oligozoospermia as a matter of best clinical practice. A
well-conducted male infertility evaluation represents a unique opportunity to identify relevant medical and infertility
conditions, many of which may be treated or alleviated. The andrological assessment may also help guide the
optimal application of ICSI. The final goals are to positively impact the overall patient health, the couple's pregnancy
prospects, and the offspring's well-being.

INTRODUCTION

T

he merit of proper male
evaluation and treatment has
been questioned because
intracytoplasmic sperm injection
(ICSI) may provide the couple with a
baby without the need to explain the
nature of oligozoospermia. In real-life
settings, a remarkable proportion of
couples undergo assisted reproductive
technology (ART) without ever being
subjected to an andrological evaluation,
a trend that seems to persist over
time (Pozzi et al., 2021). Although it

is commonplace to indiscriminately
recommend ICSI for oligozoospermic
men, this practice is not free of potential
adverse effects and does not grant
subfertile men the best fertility pathway,
as highlighted in this article.

OLIGOZOOSPERMIA: WHAT
DOES IT MEAN?
Oligozoospermia refers to sperm
concentrations below established
reference limits (e.g. 16 million/ml, 95%
confidence interval 15–18 million/ml;
WHO 2021). Qualifiers such as ‘severe’,
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’moderate’ and ‘mild’ are frequently
applied based on arbitrarily defined
thresholds, none of which implies an
underlying aetiology. Notably, a verdict
of oligozoospermia always results from
a semen analysis, a complex laboratory
test that should be carried out with
the rigour recommended by the World
Health Organization manual (WHO
2021). However, even when the semen is
analysed following standardized protocols
and with rigid quality control, there is a
marked intra-individual variation in sperm
concentration (Alvarez et al., 2003). For
this reason and because semen analysis
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is frequently a gateway test on which
expensive and invasive treatments, like
ICSI, are based, clinicians should request
at least two semen analyses to establish
the diagnosis of oligozoospermia.
Clinically, many conditions directly or
indirectly affecting the testicles are
capable of causing oligozoospermia. They
include congenital (e.g. cryptorchidism,
spermatogenic failure, vas deferens
defects, ejaculatory cysts) and genetic
(defects affecting the reproductive
system, varicocele, testicular trauma
or torsion) conditions, hormonal
disturbances (e.g. hypogonadism,
hyperprolactinemia, thyroid diseases),
genital tract infections (e.g. sexually
transmitted diseases, chronic prostatitis),
acute febrile illnesses, chronic diseases
(e.g. diabetes, metabolic syndrome,
autoimmune disease, kidney diseases),
cancer and related treatments (e.g.
testicular cancer), occupational or
environmental exposure to toxicants
(e.g. endocrine-disrupting chemicals,
pesticides, ionizing radiation), inadequate
lifestyle (e.g. smoking, obesity, illicit
drug abuse), medication-induced causes
(e.g. serotonin-reuptake inhibitors,
5α-reductase inhibitors, testosterone
replacement therapy, anabolic steroids,
sulfasalazine, azathioprine, methotrexate,
mycophenolate mofetil, opioids,
antipsychotics) and iatrogenic damage
due to surgical interventions (e.g. scrotal
surgery, hernia repair) (FIGURE 1). These
factors may also cause other semen
abnormalities (e.g. reduced sperm
motility and/or morphology, increased
rate of spermatozoa exhibiting chromatin
damage). Notably, sperm chromatin
damage cannot be detected by a routine
semen analysis.

THE TIP OF THE ICEBERG
There is growing awareness that male
fertility is a marker of overall health
(Chen et al., 2021). Oligozoospermia,
in particular, may be linked with
relevant health conditions that deserve
medical attention, as mentioned above.
Furthermore, many studies show that
oligozoospermia has a solid genetic
and epigenetic basis. The interaction
of thousands of genes, the epigenetic
control of gene expression, and
environmental and lifestyle factors, which
influence genetic and epigenetic variants,
determines the spectrum and magnitude
of the anomalies seen in the human
semen (Gunes and Esteves, 2021).

Numerical (e.g. 47,XXY/46,XY mosaicism)
and structural (e.g. inversions
and translocations) chromosomal
aberrations are more frequently found
in oligozoospermic men (4% versus
0.7% in normozoospermic controls)
(Krausz and Riera-Escamilla, 2018).
These abnormalities increase the risk
of having unbalanced gametes and
abnormal offspring. The frequency
of Yq microdeletions is also higher in
oligozoospermic men (6–8% versus
0.025% in the general population;
Krausz and Riera-Escamilla, 2018).
Transmission of AZFc microdeletions from
oligozoospermic men to their progeny
via ICSI is real, invariably leading to
infertility in male progeny. Additionally,
submicroscopic structural variations of
the genome (copy number variations)
are increased in oligozoospermic men
(Tüttelmann et al., 2011). Although there is
currently no treatment for these genetic
anomalies, diagnosis can help in optimally
counselling affected couples.
Contemporary research has also
highlighted the essential role of epigenetic
processes for spermatogenesis and sperm
function, and the association between
epigenetic defects (e.g. germ cellspecific methylation defects, protamine
abnormalities, histone modifications) and
oligozoospermia (Darbandi et al., 2019).
The sperm nuclear genome has a central
compact toroid of protamine-bound
DNA and a peripheral compartment of
histone-bound DNA. The latter contains
promoters for developmentally crucial
genes, microRNAs and signalling factors,
highly susceptible to environmental
insults, particularly oxidative harm (Gunes
and Esteves, 2021). The spermatozoa
of oligozoospermic men may harbour
specific epigenetic dysregulation caused
by intrinsic or modifiable extrinsic
factors (e.g. nutrition, smoking, chemical
exposures).
Along these lines, seminal oxidative
markers are overall increased in men
with oligozoospermia. Sperm DNA
fragmentation (SDF), a marker of
oxidative stress, is found in 40–50%
of these individuals (Aktan et al.,
2013). The fertilization through ICSI
of oocytes by spermatozoa carrying
DNA and/or epigenetic defects may
increase the risk of fertilization failure,
embryo arrest, miscarriage, congenital
malformations, childhood cancer and
perinatal morbidity (Esteves et al. 2021).
It has been suggested that ICSI offspring,

mainly among cases involving male
factor infertility, have increased risks of
congenital and urogenital malformations,
epigenetic disorders, chromosomal
abnormalities, infertility, childhood
cancer, delayed psychological and
neurological development, and impaired
cardiometabolic profile compared with
naturally conceived children (Esteves
et al., 2018). Parental sperm defects have
been suggested as primarily responsible
for the conditions above.
On this basis, the overall and
reproductive health of oligozoospermic
men seeking fertility should not be
disregarded in an attempt to create a
pregnancy by ICSI at any cost. Offering
ICSI to all oligozoospermic men is like
prescribing expensive antipyretics to
all febrile individuals: both may resolve
the ‘symptom’, but none of them tackle
the underlying causative factor and its
potential adverse consequences.

THE SOLUTION
The diagnosis of oligozoospermia should
initiate an objective and transparent
patient (couple)–physician discussion
about its implications, treatment options
and outcomes, and alternatives. It is
critical to offer the affected patient a
complete andrological assessment by
a specialist. A detailed medical and
reproductive history and a physical
examination are the minimum
standards, but further investigations
such as hormonal assessment (e.g. FSH,
testosterone, prolactin, oestradiol and
thyroid hormone concentrations), sperm
functional tests (e.g. SDF testing), genetic
analysis (e.g. karyotype, Y chromosome
microdeletion, cystic fibrosis gene
mutation) and imaging studies (e.g.
scrotal ultrasound, transrectal ultrasound)
may be required depending on the initial
findings (Esteves et al., 2012).
The male evaluation brings many
benefits. First, it can identify correctable
conditions such as varicocele, genital
tract infections, obstructions in the
reproductive tract and endocrine
disorders. Second, it may help determine
the cases where oligozoospermia is
untreatable but appropriate for ICSI
using the patient's spermatozoa,
for example genetically related
oligozoospermia, which requires parental
counselling about the risks to and
sequelae for the offspring's health, and
oligozoospermia associated with other
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FIGURE 1 Proposed clinical practice pathway for oligozoospermic men seeking fertility: causes, andrological assessment, treatment options

771

and goals. The upper part depicts the main conditions causing oligozoospermia. The box in the middle highlights the importance of a complete
andrological assessment, which must include a detailed medical and reproductive history, physical examination and routine semen analysis. Other
investigations (e.g. hormonal assessment, sperm functional tests, genetic analysis, imaging studies) may be necessary based on the clinical and
semen analysis findings. Next, the diagram depicts the main treatment options. Finally, the box at the bottom lists the primary treatment goals.
ART, assisted reproductive technology; IUI, intrauterine insemination.

7 72

RBMO VOLUME 44 ISSUE 5 202 2

TABLE 1 SUMMARY EVIDENCE OF THE MAIN TREATMENT OPTIONS WITH POTENTIAL CLINICAL UTILITY FOR
OLIGOZOOSPERMIC MALES SEEKING FERTILITY
Approach

Reference

Varicocele repair
 Varicocele repair improves natural pregnancy rates compared with delayed or no treatment in subfertile men with clinical varicocele and
abnormal semen parameters (RR 1.94, 95% CI 1.23–3.05, P = 0.004, seven RCT, 693 participants). On average, six patients would have to
receive varicocele repair (instead of delayed or no treatment) for one additional couple to achieve a pregnancy

Persad et al.
(2021)

 Varicocele repair increases TMSC and may allow couples needing ICSI to use a less invasive assisted conception modality (e.g. IUI) or
attempt natural pregnancy. The most evident increase was with baseline TMSC <5 million, from 2.3 ± 1.5 preoperatively to 15.9 ± 32.9
million postoperatively (P <0.0001); 58.8% of men were upgraded from IVF–ICSI candidacy to IUI or natural pregnancy

Samplaski et al.
(2017)

 Pregnancy rates by ICSI were increased in couples whose oligozoospermic male partners had a varicocele repair compared with those
who did not (clinical pregnancy: OR 1.59, 95% CI 1.19–2.12, P = 0.002, four observational studies, 852 participants; live birth: OR 2.17,
95% CI 1.55–3.06, P < 0.00001, three observational studies, 622 participants). On average, five patients would have to receive varicocele
repair before ICSI (versus no treatment) for one additional couple to achieve a pregnancy

Esteves et al.
(2016)

 Varicocele repair increased the likelihood of achieving a live birth by ICSI in men with either oligozoospermia or azoospermia (five observational trials including 786 oligozoospermic participants; OR 1.76, 95% CI 1.22–2.53, P = 0.002)

Kirby et al. (2016)

 SDF rates are reduced as early as 3 months after varicocele repair in subfertile men with abnormal semen parameters and clinical
varicocele (WMD –7.2%, 95% CI –8.9% to –5.6%, P < 0.0001, 19 observational studies, 1070 participants). The improvement in sperm
chromatin quality translated into improved pregnancy rates as couples who conceived naturally or with ART had lower postoperative SDF
rates than those who did not

Lira Neto et al.
(2021)

Lifestyle interventions and antioxidant therapy
 Healthy dietary patterns (e.g., Mediterranean diet, ‘prudent diet’) have been linked to better semen parameters than diets rich in processed foods and saturated fats

Salas-Huetos
et al., 2017)

 A prospective study including 176 couples reported that higher male waist circumference was a risk factor for poor ART outcomes. For
each 5 cm increase in male waist circumference, the odds of live birth per initiated cycle decreased by 9.0% (95% CI 1.1–16.4%) after
accounting for several anthropometric and demographic characteristics of both partners

Bian et al. (2021)

 A study including 225 couples undergoing ART found that, among past male smokers, every additional year since the patient had quit
smoking reduced the risk of failing ART by 4% (HR 0.96, 95% CI 0.91–1.00), particularly live birth (HR 0.86, 95% CI 0.76–0.96)

Vanegas et al.
(2017)

 A nutritionist-led dietary programme coupled with exercise helped reduce weight and improve semen parameters, translating into improved pregnancy outcomes

Faure et al. (2014)

 A 3-month lifestyle intervention programme combined with oral antioxidant therapy using vitamins, coenzyme Q10, omega 3 and oligo-elements reduced SDF rates in infertile men with elevated baseline SDF (mostly oligozoospermic) and a history of failed IVF/ICSI

Humaidan et al.
(2022)

Male genital infection
 Microbiological analysis of 285 couples undergoing ART showed that 35.8% of male partners presented with an asymptomatic genital
tract infection. A positive semen specimen was associated with impaired semen parameters and reduced pregnancy outcomes by ICSI

Ricci et al. (2018)

 In a study involving 95 men with MAGI caused by Chlamydia or Mycoplasma, antibiotic therapy using a macrolide, a tetracycline or a
quinolone, combined with a course of anti-inflammatory agents, improved SDF rates in 91% of participants (37.7 ± 13.6% to 24.2 ± 11.2%;
P < 0.0001). A total of 86% of couples that attempted pregnancy succeeded 3–6 months after therapy. When couples with and without
pregnancy success were compared, the main difference was lower SDF rates in the pregnant couples

Gallegos et al.
(2008)

FSH therapy
 Recombinant FSH injections (50–300 IU administered daily or on alternate days for 3–4 months (versus placebo) were associated with
higher sperm concentration (MD 3.17 × 106/ml, 95% CI 2.44–3.91 × 106/ml, seven studies, 444 participants, P < 0.0001, very low certainty) and natural pregnancy rates (OR 3.30, 95% CI 1.39–7.82, five studies, 343 participants, P = 0.007, low certainty)

Omar et al., 2019)

 A systematic review and meta-analysis demonstrated that FSH injections given to men with idiopathic infertility for 3 months reduced SDF Santi et al. (2018)
values (MD –4.24%, 95% CI –8.25% to –0.24%; P = 0.04; five prospective observational trials and one RCT, 383 participants)
ART, assisted reproductive technology; CI, confidence interval; HR, hazard ratio; IUI, intrauterine insemination; OR, odds ratio; ICSI, intracytoplasmic sperm injection;
MAGI, male accessory gland infection; MD, mean difference; RCT, randomized controlled trial; RR, relative risk; SDF, sperm DNA fragmentation; TMSC, total motile sperm
count; WMD, weighted mean difference.

sperm defects (e.g. pathological SDF),
where consideration for sperm retrieval
and ICSI with testicular spermatozoa
may be considered (Esteves et al. 2017).
Third, the assessment can uncover
health-threatening conditions or related
coexistent diseases requiring medical
care (e.g. obesity, metabolic syndrome,
erectile dysfunction, hypogonadism,
kidney diseases, malignancies). Finally,
it can provide a unique opportunity to
address lifestyle conditions that might
affect the patient or offspring's health

(e.g. smoking, bad nutrition habits,
chemical exposures, use of licit or illicit
drugs with potential gonadotoxic and/or
teratogenic effects).

TREATMENT OPTIONS
Therapeutic interventions should be
considered for subfertile oligozoospermic
men before ICSI is contemplated.
TABLE 1 summarizes the existing options
and outcomes. Although many proposed
therapies lack robust evidence for

improved live birth rates, the primary
focus should be to improve the male
germline, possibly enhancing fertility
and reproductive success as well as
the offspring's health and well-being.
Treatment effects are generally seen
3–9 months later. Although it has been
argued that couples whose partners have
advanced maternal age or poor ovarian
reserve cannot tolerate such a delay,
recent data indicate that this time frame
is unlikely to impact the reproductive
outcomes of most couples even when
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ICSI is used (Bhattacharya et al. 2021;
Romanski et al., 2020).
Varicocele repair
The negative effect of varicocele on
sperm quantity and quality is well
established. Among subfertile males
with abnormal semen parameters,
varicocele is found in approximately
25% of individuals. The testis responds
to varicocele-associated cell stressors by
generating excessive free radicals, which
might lead to oligozoospermia and other
sperm abnormalities, such as chromatin
damage (Hamada et al., 2013). Treatment
is recommended to subfertile men
with clinical (i.e. palpable) varicoceles
and abnormal semen parameters, and
aims to occlude the dilated veins of the
pampiniform plexus. Varicocele repair is
carried out using open (with or without
magnification) or laparoscopic surgical
techniques or through percutaneous
embolization of the internal spermatic
vein. Many studies show that varicocele
repair alleviates oxidative stress and
ameliorates sperm parameters in around
two-thirds of treated individuals as early
as 3–5 months postoperatively; total
sperm count, in particular, increases by
10 million overall (Agarwal et al., 2007;
Hamada et al., 2013).
Moreover, a 2021 meta-analysis of
randomized controlled trials (RCT)
provided updated evidence that varicocele
repair improves natural pregnancy rates
compared with delayed or no treatment in
subfertile men with clinical varicocele and
abnormal semen parameters (Persad et al.,
2021). Varicocele repair in oligozoospermic
men may also allow couples to use less
invasive assisted conception techniques
(e.g. intrauterine insemination) (Samplaski
et al., 2017) or lead to improvements
in ICSI outcomes (Esteves et al., 2016;
Kirby et al. 2016). Sperm DNA quality
enhancement has been suggested as a
critical factor explaining the beneficial
effect observed after varicocele repair
(Esteves et al., 2020; Lira Neto et al.,
2021).
Lifestyle interventions and
antioxidants
Obesity and inadequate lifestyle (e.g.
smoking, alcohol abuse, illicit drugs) have
been postulated to contribute to poor
semen quality, oligozoospermia and the
probability of achieving a live birth (Bian
et al., 2021; Guo et al., 2017). Although
the effects of lifestyle interventions on
semen quality and pregnancy outcomes

are poorly studied, good dietary habits
(e.g. Mediterranean diet, ‘prudent diet’)
have been associated with better semen
quality than the typical diet of developed
nations that is rich in saturated and
trans-fatty acids, processed foods and
sugared beverages (Salas-Huetos et al.,
2017). Additionally, limited data indicate
that smoking cessation, regular physical
activity and weight loss through diet
and exercise may improve the semen
parameters and reproductive outcomes
of couples seeking infertility care (Faure
et al., 2014; Ibañez-Perez et al. 2019;
Vanegas et al., 2017).
Oxidative stress has also been a critical
contributor to male infertility and a
marker of inadequate lifestyle. Oral
antioxidants might counteract, to some
extent, the adverse effects of elevated
reactive oxygen species (ROS) on sperm
quality and translate into an increased
probability of achieving pregnancy
compared with placebo (Smits et al.,
2019). Improvements in sperm chromatin
integrity and other semen parameters,
including sperm concentration, have
been reported with various antioxidant
formulations (Esteves et al., 2020;
Smits et al., 2019). Still, the evidence
remains mixed as some recent RCT
have not shown significant advantages
(Steiner et al., 2020). A recent pilot trial
conducted in Denmark demonstrated
that a combination of dietary changes
and oral antioxidants improved semen
parameters in the male partners of
subfertile couples with a history of
failed ART (Humaidan et al., 2022).
An assessment of lifestyle and dietary
patterns may be an opportunity for
nutrition and lifestyle re-education.
Infection
Urethritis, prostatitis, orchitis and
epididymitis are male accessory gland
infections (MAGI). The infectious agents
include bacteria, viruses and protozoa,
and in many cases, they are sexually
transmitted. These pathogens activate
seminal leukocytes, which generate a
significant amount of ROS. These free
radicals may damage sperm membranes
and sperm DNA, thus potentially
affecting sperm quality. The prevalence
of MAGI ranges between 3% and 20%
in the infertile male population and
it can be asymptomatic. It has been
reported that Ureaplasma urealyticum
and Mycoplasma hominis in the semen
are associated with impaired semen
parameters, increased SDF and elevated
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levels of antisperm antibodies (Gallegos
et al., 2008). Human papillomavirus is also
linked with male infertility, altered semen
parameters and decreased pregnancy
outcomes (Depuydt et al., 2019). In a
study including 285 couples undergoing
ART, the presence of Enterococcus
faecalis and/or U. urealyticum and/or M.
hominis in the genital samples of male
partners was predictive for a negative
ART outcome (Ricci et al., 2018). Bacterial
MAGI should be treated with antibiotics
to eradicate micro-organisms and reduce
the inflammatory response, potentially
improving semen parameters and fertility.
Notably, the female partner should be
evaluated and treated as well.
Hormonal modulation
Several agents have been used as
empirical treatments for idiopathic
oligozoospermia, including selective
oestrogen receptor modulators (SERM),
aromatase inhibitors, bromocriptine
and gonadotrophins. Through different
mechanisms of action, treatment aims to
stimulate spermatogenesis by modulating
the endogenous concentrations of
reproductive hormones or through
exogenous gonadotrophin administration.
SERM and aromatase inhibitors increase
sperm concentration and testosterone
levels (versus placebo or no treatment)
in men with idiopathic oligozoospermia,
but the effects on natural or medically
assisted conception are equivocal
(Cannarella et al., 2019). By contrast,
limited data indicate that this patient
population benefits from exogenous
FSH therapy. It has been reported that
FSH injections – administered to infertile
males with idiopathic oligozoospermia –
increased sperm concentration and
natural pregnancy rates (Omar et al.,
2019). The effect seems to be related to
the anti-apoptotic and pro-survival actions
of FSH on germ cells, ultimately resulting
in improved sperm chromatin integrity
(Esteves et al., 2020; Santi et al., 2018).
However, evidence concerning the effect
of male FSH therapy on ICSI outcomes is
lacking.

FUTURE DIRECTIONS: A
COUNTERCURRENT MOVEMENT
Accumulating evidence indicates that
the ability to diagnose and treat male
infertility may improve the patient's
reproductive health, the couple's
pregnancy prospects and the progeny's
long-term health trajectory, even when
ICSI is used. On these grounds, the
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question should arise of whether we
are providing the best reproductive
care to our patients (and the children
yet to be born) by ignoring the health
of oligozoospermic males. Also, there
must be an honest confrontation of
the financial incentives driving the
decision to bypass a complete male
infertility evaluation and indiscriminately
recommend ICSI to oligozoospermic
men.
Although more data about the
clinical utility of medical and surgical
interventions for oligozoospermic males
are needed, fertility clinics are urged
to engage male infertility specialists in
diagnosing and treating oligozoospermia
as a matter of best clinical practice.
The complexity of oligozoospermia
requires a multidisciplinary approach
that involves andrology, urology,
reproductive endocrinology, genetics,
ART, nutrition and psychology. This
provides an unparalleled opportunity to
treat both the underlying male subfertility
and the associated health issues while
aiming to produce a viable pregnancy
and healthy offspring through natural
conception or safe utilization of ICSI. We
must take sides and intervene because
neutrality on this matter will never help
affected men. There is an urgent need
for more reproductive endocrinologists/
gynaecologists who are open to
collaboration, and qualified reproductive
urologists/andrologists to be effective
collaborators.

REFERENCES
Agarwal, A., Deepinder, F., Cocuzza, M., Agarwal,
R., Short, R.A., Sabanegh, E., Marmar, J.L.
Efficacy of varicocelectomy in improving
semen parameters: new meta-analytical
approach. Urology 2007; 70: 532–538.
doi:10.1016/j.urology.2007.04.011
Aktan, G., Doğru-Abbasoğlu, S., Küçükgergin,
C., Kadıoğlu, A., Ozdemirler-Erata, G.,
Koçak-Toker, N. Mystery of idiopathic male
infertility: Is oxidative stress an actual risk?.
Fertil. Steril. 2013; 99: 1211–1215. doi:10.1016/j.
fertnstert.2012.11.045
Alvarez, C., Castilla, J.A., Martínez, L., Ramírez,
J.P., Vergara, F., Gaforio, J.J. Biological
variation of seminal parameters in healthy
subjects. Hum. Reprod. 2003; 18: 2082–2088.
doi:10.1093/humrep/deg430
Bhattacharya, S., Maheshwari, A., Ratna, M.B.,
van Eekelen, R., Mol, B.W., McLernon, D.J.
Prioritizing IVF treatment in the post-COVID
19 era: a predictive modelling study based
on UK national data. Hum. Reprod. 2021; 36:
666–675. doi:10.1093/humrep/deaa339
Bian, H., Mínguez-Alarcón, L., Salas-Huetos, A.,
Bauer, D., Williams, P.L., Souter, I., Attaman, J.,
Chavarro, J.E. EARTH Study Team. Male waist
circumference in relation to semen quality
and partner infertility treatment outcomes
among couples undergoing infertility
treatment with assisted reproductive
technologies. Am. J. Clin. Nutr. 2021
Cannarella, R., Condorelli, R.A., Mongioì, L.M.,
Barbagallo, F., Calogero, A.E., La Vignera, S.
Effects of the selective estrogen receptor
modulators for the treatment of male
infertility: a systematic review and metaanalysis. Expert Opin. Pharmacother. 2019; 20:
1517–1525. doi:10.1080/14656566.2019.1615057
Chen, T., Belladelli, F., Del Giudice, F., Eisenberg,
M.L. Male fertility as a marker for health.
Reprod. Biomed. Online 2021. doi:10.1016/j.
rbmo.2021.09.023
Darbandi, M., Darbandi, S., Agarwal, A., Baskaran,
S., Dutta, S., Sengupta, P., Khorram Khorshid,
H.R., Esteves, S., Gilany, K., Hedayati, M.,
Nobakht, F., Akhondi, M.M., Lakpour, N.,
Sadeghi, M.R. Reactive oxygen speciesinduced alterations in H19-Igf2 methylation
patterns, seminal plasma metabolites, and
semen quality. J. Assist. Reprod. Genet. 2019;
36: 241–253. doi:10.1007/s10815-018-1350-y
Depuydt, C.E., Donders, G., Verstraete, L.,
Vanden Broeck, D., Beert, J., Salembier,
G., Bosmans, E., Ombelet, W. Infectious
human papillomavirus virions in semen
reduce clinical pregnancy rates in women
undergoing intrauterine insemination. Fertil.
Steril. 2019; 111: 1135–1144. doi:10.1016/j.
fertnstert.2019.02.002
Esteves, S.C., Miyaoka, R., Agarwal, A. An update
on the clinical assessment of the infertile
male. Clinics (Sao Paulo) 2012; 66: 691–700.
doi:10.1590/s1807-59322011000400026
Esteves, S.C., Roque, M., Agarwal, A. Outcome
of assisted reproductive technology in men
with treated and untreated varicocele:
systematic review and meta-analysis. Asian J.
Androl. 2016; 18: 254–258. doi:10.4103/1008682X.163269
Esteves, S.C., Roque, M., Bradley, C.K., Garrido,
N. Reproductive outcomes of testicular versus
ejaculated sperm for intracytoplasmic sperm

injection among men with high levels of DNA
fragmentation in semen: systematic review
and meta-analysis. Fertil. Steril. 2017; 108:
456–467. doi:10.1016/j.fertnstert.2017.06.018
Esteves, S.C., Roque, M., Bedoschi, G., Haahr, T.,
Humaidan, P. Intracytoplasmic sperm injection
for male infertility and consequences for
offspring. Nat. Rev. Urol. 2018; 15: 535–562.
doi:10.1038/s41585-018-0051-8
Esteves, S.C., Santi, D., Simoni, M. An update on
clinical and surgical interventions to reduce
sperm DNA fragmentation in infertile men.
Andrology 2020; 8: 53–81. doi:10.1111/andr.12724
Esteves, S.C., Zini, A., Coward, R.M., Evenson,
D.P., Gosálvez, J., Lewis, S., Sharma, R.,
Humaidan, P. Sperm DNA fragmentation
testing: Summary evidence and clinical
practice recommendations. Andrologia 2021;
53: e13874. doi:10.1111/and.13874
Faure, C., Dupont, C., Baraibar, M.A., Ladouce,
R., Cedrin-Durnerin, I., Wolf, J.P., Lévy, R. In
subfertile couple, abdominal fat loss in men is
associated with improvement of sperm quality
and pregnancy: a case-series. PLoS One 2014;
9: e86300. doi:10.1371/journal.pone.0086300
Gallegos, G., Ramos, B., Santiso, R., Goyanes,
V., Gosálvez, J., Fernández, J.L. Sperm
DNA fragmentation in infertile men with
genitourinary infection by Chlamydia
trachomatis and Mycoplasma. Fertil.
Steril. 2008; 90: 328–334. doi:10.1016/j.
fertnstert.2007.06.035
Gunes, S., Esteves, S.C. Role of genetics and
epigenetics in male infertility. Andrologia 2021;
53: e13586. doi:10.1111/and.13586
Guo, D., Wu, W., Tang, Q., Qiao, S., Chen, Y.,
Chen, M., Teng, M., Lu, C., Ding, H., Xia,
Y., Hu, L., Chen, D., Sha, J., Wang, X. The
impact of BMI on sperm parameters and
the metabolite changes of seminal plasma
concomitantly. Oncotarget 2017; 8: 48619–
48634. doi:10.18632/oncotarget.14950
Hamada, A., Esteves, S.C., Agarwal, A. Insight into
oxidative stress in varicocele-associated male
infertility: part 2. Nat. Rev. Urol. 2013; 10:
26–37. doi:10.1038/nrurol.2012.19
Humaidan, P., Haahr, T., Povlsen, B.B., Kofod,
L., Laursen, R.J., Alsbjerg, B., Elbaek, H.O.,
Esteves, S.C. The combined effect of lifestyle
intervention and antioxidant therapy on
sperm DNA fragmentation and seminal
oxidative stress in IVF patients: a pilot
study. Int. Braz. J. Urol. 2022; 48: 131–156.
doi:10.1590/S1677-5538.IBJU.2021.0604
Ibañez-Perez, J., Santos-Zorrozua, B., LopezLopez, E., Matorras, R., Garcia-Orad, A. An
update on the implication of physical activity
on semen quality: a systematic review and
meta-analysis. Arch. Gynecol. Obstet. 2019;
299: 901–921. doi:10.1007/s00404-019-05045-8
Kirby, E.W., Wiener, L.E., Rajanahally, S., Crowell,
K., Coward, R.M. Undergoing varicocele
repair before assisted reproduction improves
pregnancy rate and live birth rate in
azoospermic and oligospermic men with a
varicocele: a systematic review and metaanalysis. Fertil. Steril. 2016; 106: 1338–1343.
doi:10.1016/j.fertnstert.2016.07.1093
Krausz, C., Riera-Escamilla, A. Genetics of male
infertility. Nat. Rev. Urol. 2018; 15: 369–384.
doi:10.1038/s41585-018-0003-3
Lira Neto, F.T., Roque, M., Esteves, S.C. Effect of
varicocelectomy on sperm deoxyribonucleic
acid fragmentation rates in infertile men with
clinical varicocele: a systematic review and

RBMO VOLUME 44 ISSUE 5 202 2

meta-analysis. Fertil. Steril. 2021; 116: 696–712.
doi:10.1016/j.fertnstert.2021.04.003
Omar, M.I., Pal, R.P., Kelly, B.D., Bruins, H.M.,
Yuan, Y., Diemer, T., Krausz, C., Tournaye, H.,
Kopa, Z., Jungwirth, A., Minhas, S. Benefits
of empiric nutritional and medical therapy
for semen parameters and pregnancy and
live birth rates in couples with idiopathic
infertility: A systematic review and metaanalysis. Eur. Urol. 2019; 75: 615–625.
doi:10.1016/j.eururo.2018.12.022
Persad, E., O'Loughlin, C.A., Kaur, S., Wagner,
G., Matyas, N., Hassler-Di Fratta, M.R.,
Nussbaumer-Streit, B. Surgical or radiological
treatment for varicoceles in subfertile
men. Cochrane Database Syst. Rev. 2021;
4CD000479. doi:10.1002/14651858.CD000479.
pub6
Pozzi, E., Boeri, L., Candela, L, Capogrosso, P.,
Cazzaniga, W., Fallara, G., Cignoli, D., Belladelli,
F., Cornelius, J., Abbate, C., Papaleo, E.,
Viganò, P., Minhas, S., Mattei, A., Montorsi,
F., Salonia, A. Infertile couples still undergo
assisted reproductive treatments without
initial andrological evaluation in the real-life
setting: A failure to adhere to guidelines?
Andrology 2021. doi:10.1111/andr.13071
Ricci, S., De Giorgi, S., Lazzeri, E., Luddi, A., Rossi,
S., Piomboni, P., De Leo, V., Pozzi, G., 2018.
Impact of asymptomatic genital tract infections
on in vitro Fertilization (IVF) outcome. PloS

One. 13, e0207684. https://doi.org/10.1371/
journal.pone.0207684
Romanski, P.A., Bortoletto, P., Rosenwaks, Z.,
Schattman, G.L. Hum. Reprod. 2020; 35:
1630–1636. doi:10.1093/humrep/deaa137
Salas-Huetos, A., Bulló, M., Salas-Salvadó, J.
Dietary patterns, foods and nutrients in
male fertility parameters and fecundability:
a systematic review of observational studies.
Hum. Reprod. Update 2017; 23: 371–389.
doi:10.1093/humupd/dmx006
Samplaski, M.K., Lo, K.C., Grober, E.D., Zini,
A., Jarvi, K.A. Varicocelectomy to "upgrade"
semen quality to allow couples to use less
invasive forms of assisted reproductive
technology. Fertil. Steril. 2017; 108: 609–612.
doi:10.1016/j.fertnstert.2017.07
Santi, D., Spaggiari, G., Simoni, M. Sperm
DNA fragmentation index as a promising
predictive tool for male infertility diagnosis
and treatment management - meta-analyses.
Reprod. Biomed. Online 2018; 37: 315–326.
doi:10.1016/j.rbmo.2018.06.023
Smits, R.M., Mackenzie-Proctor, R., Yazdani, A.,
Stankiewicz, M.T., Jordan, V., Showell, M.G.
Antioxidants for male subfertility. Cochrane
Database Syst. Rev. 2019; 3CD007411.
doi:10.1002/14651858.CD007411.pub4
Steiner, A.Z., Hansen, K.R., Barnhart, K.T., Cedars,
M.I., Legro, R.S., Diamond, M.P., Krawetz, S.A.,
Usadi, R., Baker, V.L., Coward, R.M., Huang,

7 75

H., Wild, R., Masson, P., Smith, J.F., Santoro,
N., Eisenberg, E., Zhang, H. Reproductive
Medicine Network. Reproductive The effect
of antioxidants on male factor infertility:
the Males, Antioxidants, and Infertility
(MOXI) randomized clinical trial. Fertil.
Steril. 2020, 2020; 113: 552–560. doi:10.1016/j.
fertnstert.2019.11.008
Tüttelmann, F., Simoni, M., Kliesch, S., Ledig,
S., Dworniczak, B., Wieacker, P., Röpke, A.
Copy number variants in patients with
severe oligozoospermia and Sertoli-cellonly syndrome. PloS one 2011; 6: e19426.
doi:10.1371/journal.pone.0019426
Vanegas, J.C., Chavarro, J.E., Williams, P.L.,
Ford, J.B., Toth, T.L., Hauser, R., Gaskins, A.J.
Discrete survival model analysis of a couple's
smoking pattern and outcomes of assisted
reproduction. Fertil. Res. Pract. 2017; 3: 5.
doi:10.1186/s40738-017-0032-2
WHO. 2021 laboratory manual for the
examination and processing of human semen.
6th edition https://www.who.int/publications/i/
item/9789240030787
Received 13 November 2021; accepted
19 November 2021.

