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1 | INTRODUCTION

The advent of assisted reproductive technology (ART) represented one
of the most relevant medical innovations of the last century, drasti-
cally changing reproductive medicine. Different techniques and several
treatment protocols evolved since the ART debut in 1978, but the vast
majority of research studies in this setting remain focused on the same
question, that is, how to increase ART success. To this aim, the identi-
fication of reliable and accurate predictors of ART outcome is manda-
tory. Since the use of assisted fertilization is accompanied by consid-
erable economic and psycho-social costs,! the detection of predictive
markers would be very useful to choose the ART type. However, the
vast majority of studies evaluated only the female partner, whereas the
male counterpart was relegated to a secondary role.

The studies considering common sperm parameters obtained by
conventional semen analysis, that is, sperm number, motility, and
morphology,? generated important threshold values that are com-
monly applied in clinical practice. Considering the less artificial ART
approach, that is, intrauterine insemination (IUl), the total number of
progressively motile sperm detected in fresh ejaculate resulted not
predictive in terms of pregnancy achievement.®>* However, the num-
ber of inseminated, progressively motile spermatozoa was detected
as a reliable predictor of pregnancy,” using one million as the clinical
decision threshold to discriminate whether to send the couple to in
vitro fertilization (IVF) or to IUl procedures.*¢ However, infertile cou-
ples are more often addressed to more invasive techniques, such as
IVF, irrespective of sperm quality-related parameters. In the IVF set-
ting, in which the embryo is obtained placing the spermatozoa and the
oocyte in the same culture medium,” the dependency of the outcome
from sperm motility is expected.® Accordingly, sperm motility thresh-
olds are recommended to opt for IVF, that is, total sperm motility higher
than 30% and progressive motility higher than 15%.7 Although it is
reasonable to assume that sperm kinematic parameters could be rele-
vant to improve IVF success rate, the current literature shows conflict-
ing results, reporting a direct correlation between sperm progressive
motility and pregnancy rate in some cohorts, 19 but not in others.!!
Another sperm quality-related parameter investigated in this setting

is sperm morphology. However, the probability of IVF fertilization suc-
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pregnancy (p < 0.001) and live birth (p < 0.001) rates and a cut-off of 5.5% was
identified as a threshold to predict clinical pregnancy (area under the curve = 0.811,

Discussion: Interestingly, sperm motility plays a role in predicting in vitro fertilization
success, while sperm morphology is the relevant parameter in intracytoplasmic sperm
injection cycles. These parameters may be considered reliable tools to measure the

male role on ART outcomes, potentially impacting the clinical management of infertile

assisted reproduction, fertilization rate, male infertility, sperm morphology, sperm motility

cess seems to be independent of the percentage of normal forms,
excluding its role as a reliable prognostic marker.12 Since the advent of
the intracytoplasmic sperm injection (ICSl), the use of conventional IVF
progressively decreased.!® Despite the direct microinjection of a sin-
gle spermatozoon into the oocyte, the use of non-motile spermatozoa
seemed to negatively impact fertilization outcome.® In addition, simi-
larly to IVF, the prognostic value of sperm morphology remains poor
also in the ICSI context.’? Indeed, a meta-analytic approach failed to
detect any association between isolated teratozoospermia and preg-
nancy rate, independently from the ART procedure used.'* The poten-
tial contribution of the male gamete to the final ART outcome has been
evaluated using innovative indicators of sperm quality, such as sperm
DNA fragmentation index (DFI).2> It has been hypothesized that an
increased sperm DNA damage, exceeding 15%, could induce apoptotic
pathways’ activation, promoting embryo arrest.'¢17 However, conflict-
ing results emerged even about DFI, since meta-analyses reported both
a reduction’® and no difference!? in pregnancy rates in cases of high
DFl levels in IVF and ICSl cycles.

Obviously, no convincing evidence that ART outcomes may be
dependent on sperm parameters exists. Moreover, the variation over
the years of the reference values in semen analysis, together with
the poor inter-laboratory standardization of sperm assessment, con-
tributes to this very complex scenario.?% It remains undeniable that
identifying thresholds of seminal parameters with prognostic signifi-
cance in terms of pregnancy rate would have a considerable clinical
impact in the assisted reproduction field. In this study, we aimed to
answer the question of whether and which semen parameters can be
useful for a priori prediction of ART outcomes. For this purpose, a large
retrospective cohort analysis was conducted in a single third-level fer-
tility center.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

A single-center, retrospective, observational study was carried out. All
couples attending the Santa Maria Nuova Hospital of Reggio Emilia
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(Reggio Emilia, Italy) for primary or secondary infertility between Jan-

uary 1992 and December 2020 were considered eligible. During the
time-frame interval evaluated, two historical moments (2005-2008
and 2018-2020) should be carefully considered, since structural inter-
ventions in the center and the COVID-19 pandemic reduced the num-
ber of fresh ART cycles performed.

Couple infertility was defined as the absence of conception after
12 months of unprotected sexual intercourse.2%:22 Both partners were
aged over 18 years and satisfied national criteria to access ART proce-
dures. Only fresh ART cycles performed were considered for this study
and each couple could be enrolled more than once, if undergoing more
than one fresh cycle.

The embryo production and transfer were regulated by specific
national laws. From 1992 to 2004, all oocytes retrieved were insemi-
nated and a maximum of five embryos were transferred. Since 2004,
law number 40 (L40/2004) established the maximum number of insem-
inated oocytes and embryos transferred to be three. In June 2009,
the law was amended and, until March 2016, the maximum number
of oocytes to be inseminated was set as follows: i) four for women
younger than 38 years, ii) five for women aged between 38 and 39 years
and iii) all available for women older than 40 years. Similarly, the maxi-
mum number of transferred embryos was two for women younger than
38 years, three for women aged between 38 and 39 years, and five for
women older than 40 years. All embryos, formed but not transferred,
could be frozen only since 2004. Between April 2016 and June 2020,
all oocytes retrieved could be inseminated for all women independent
of age. The number of maximum oocytes transferred was set to two
for women younger than 38 years, to three for women aged between
38 and 39 years, and to four for women older than 40 years. Until
July 2020, all embryos were transferred at the cleavage stage. Finally,
in July 2020, only the number of embryos transferred was regulated.
Accordingly, the transfer was performed at the blastocyst stage, with a
maximum number allowed of one embryo for women younger and two

for women older than 38 years.

2.2 | ART procedures

Down-regulation was obtained by gonadotropin-releasing hormone
agonists (GnRHa) (Enantone, Takeda Pharmaceutical, or Decapeptyl,
Ipsen) applying a mild stimulation with the GnRHa protocol. Ovarian
stimulation was performed applying different protocols: i) recombi-
nant follicle-stimulating hormone (FSH) alone (Gonal-F, Merck Serono),
ii) recombinant FSH plus luteinizing hormone (LH) (Pergoveris, Merck
Serono), iii) highly purified human menopausal gonadotropin (Meropur,
Ferring), or iv) biosimilar FSH (Ovaleap, Theramex Italy). Gonadotropin
administration was started when serum estradiol levels were below
50 pg/ml and no ovarian follicles higher than 10 mm were detected.
Ovarian stimulation was monitored by serum estradiol concentrations
and serial ultrasonography evaluations. When more than three follicles
with a diameter higher than 17 mm were observed at ultrasonography,
human chorionic gonadotropin (hCG) (Gonasi, IBSA Institut Biochim-

ique) was injected to complete oocyte maturation. Oocyte retrieval
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was performed 34-36 h after hCG administration by ultrasound-
guided transvaginal aspiration. All patients received supplemental pro-
gesterone for 15 days until 3-hCG assay.

Oocytes selection was performed selecting oocytes in metaphase |1
considered for ICSI. In IVF, the evaluation of nuclear maturity occurs
indirectly through the morphological classification of the cumulus-
oocyte complexes (COC) during the oocyte retrieval. Only the mature
and post-mature COCs are subjected to IVF, even if in the absence of
these, the immature COCs but not the degenerate ones are subjected
to IVF (the morphological evaluation of the COCs is attributable to four
classifications: immature, mature, post-mature, and degenerate).

For conventional IVF, oocytes were individually cultured in micro
drops of the fresh medium under mineral oil with 100,000 activated
spermatozoa. For ICSI, after the removal of the cumulus and corona
cells, nuclear maturation assessment of oocytes was performed using
an inverted microscope to ensure sperm injection in metaphase-I|
oocytes only.

Semen sample preparation was performed as described
elsewhere.2324 Briefly, an appropriate aliquot of fresh semen was
diluted with 10 ml of buffered medium. After centrifugation (10 min
at 800 x g at room temperature), the supernatant was removed and
replaced by 5 ml of buffered medium. After a second centrifugation,
the supernatant was removed once again, and the pellet was overlaid
with 1 ml of medium and incubated (37°C, 6% CO, in air) to separate
motile spermatozoa by swim-up. After liquefaction, the sample was
concentrated by one centrifugation (1500 x g), and the pellet was
removed in 1 ml of medium. At the end of the sperm separation
technique chosen for the processing of the seminal sample intended
for the insemination of the oocytes (e.g. swim-up). At the operative
level, the supernatant was eliminated and the sperm pellet obtained
was resuspended or stratified in 0.5-1.0 ml in the culture medium. In
this way, a fraction of capacitated spermatozoa was obtained, or motile
spermatozoa capable of carrying out the acrosome reaction with the
oocytes.

Oocyte fertilization was assessed at 18-20 h (day 1) from insemina-
tion/injection and confirmed by the presence of two pronuclei and the
alignment of nucleolar precursor bodies. In all cases, embryonic devel-
opment was assessed on days 2 and 3 (i.e,, after 41-43 and 65-67 h
from insemination/injection, respectively). The best-quality embryos
were transferred on day 2 or 3 after IVF/ICSI procedures, until July
2020, when blastocyst transfer was started.

The ART approach is routinely suggested by the clinician and estab-
lished on the day of pick up. This decision is based on semen param-
eters. In particular, IVF was selected in case of (i) normozoospermia
and (ii) semen parameters’ alterations with the detection of more than
1.5 million/ml of capacitated spermatozoa. On the contrary, ICSI was
selected in case of (i) frozen cycles, (ii) semen parameters’ alterations
with the detection of less than 1.5 million/ml of capacitated spermato-
z0a, (iii) previous ART failure, and (iv) immunological reason of infertil-
ity. These historical and strict criteria did not change over the time of
observations.

Biochemical pregnancies were assessed 12 days after embryo trans-

fer by a positive quantitative serum g-hCG value higher than 10 |U/L. In
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the case of a positive biochemical pregnancy test, micronized proges-
terone support (Prometrium, Rottapharm Madaus, 200 mg twice daily
or Crinone, Merck Serono) was continued until 35 days after embryo
transfer.

2.3 | Outcomes

The main outcome was fertilization rate, considered as the ratio
between the number of fertilized oocytes and the number of
injected/inseminated oocytes. This parameter was selected as the pri-
mary end-point since it represents the earliest outcome in which the
male contribution can be assessed. Thus, this parameter was selected
to verify the male role in ART processes, using earlier parameters,
compared to strong ART outcomes. Secondary endpoints were the
strongest ART outcomes, that is, pregnancy and live birth rates. The
pregnancy rate was considered both as biochemical and clinical preg-
nancy. The former was defined by the detection of high levels of hCG
in serum or urine, the latter was diagnosed by ultrasonography visual-
ization or clinical documentation of at least one fetus with a heartbeat
(including ectopic pregnancies) expressed for 100 initiated cycles, aspi-
ration cycles, or embryo transfer cycles. Moreover, semen parameters

were collected as specified in the following paragraph.

2.4 | Semen analysis

Semen analyses were performed according to the World Health Orga-
nization (WHQO) manual available at the time of the ART cycle. All
semen analyses were performed by the same laboratory, undergo-
ing regular internal and external quality controls over the years, and
awarded the European Society of Human Reproduction and Embryol-
ogy quality certificate.?”

Semen parameters were analyzed for volume, sperm count, sperm
motility, and sperm morphology. Considering the wide time-frame
interval of our study, three versions of the WHO manual were con-
secutively used during the data collection.?¢-28 First, semen analyses
have been performed using the 3rd edition,2® whereas in 1999, the 4th
edition?” and in 2010, the 5th edition?® were introduced. Each WHO
manual edition introduced methodological differences and changed
reference ranges. Since the 1992 and 1999 WHO manuals showed
only minor changes in both methodologies and reference ranges, the
results obtained using the two editions were considered together. In
particular, oligozoospermia was defined by sperm concentration <20
million/ml and/or total sperm count <40 million, asthenozoospermia
by progressive motility <25% and/or total motility < 50%, and terato-
zoospermia by sperm morphology <30% (3rd edition)?¢ or 14% (4th
edition).Z” On the contrary, the 5th edition defined oligozoospermia
for sperm concentration <15 million/ml and/or total sperm count <39
million, asthenozoospermia for progressive motility <32% and/or total
motility <40%, and teratozoospermia for sperm morphology <4%.28

The capacitation test was routinely performed for all patients in

each semen sample in order to select the proper ART methodologies
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to be applied. Capacitated spermatozoa were obtained by first select-
ing motile spermatozoa by a swim-up technique and then incubating
the motile gametes in the Biggers-Whitten-Whittingham medium con-
taining 35 mg/ml human serum albumin for 6 h.27-31 The swim-up tech-
nique used for capacitation was the same preparation method as was
used to prepare spermatozoa.

2.5 | Statistical analysis

The entire cohort was first analyzed by descriptive analyses, consider-
ing both the female and the male partners. Semen analysis parameters
were considered according to the WHO manual used for the interpre-
tation and the sperm alterations classification was compared consider-
ing the cut-off suggested by the WHO manual used, as reported above.

A descriptive analysis of strong ART outcomes, that is, pregnancy
and live birth rates, was provided for the entire cohort of cycles. Cat-
egorical variables were compared between ART techniques applied
using Fisher exact test.

In order to evaluate the male role in ART, the fertilization rate
was calculated as the ratio between the number of fertilized oocytes
and the number of injected/inseminated mature oocytes. In particular,
the fertilization rate in ICSI cycles considered the number of oocytes
injected, whereas in IVF cycles the number of inseminated oocytes. The
fertilization rate calculated was adjusted for the maximum number of
embryos that could be fertilized and transferred on the basis of the law
in force year by year, as reported above.

Considering only cycles with oocytes retrieved, fertilization rate
was first compared between IVF and ICSI cycles, performing Mann-
Whitney U-test. The fertilization rate was compared among categories
created on semen parameters alterations, performing Kruskal-Wallis
test and applying Dunnet post hoc analyses. These analyses were per-
formed three times. First, the unadjusted dataset was used. Second, the
fertilization rate was divided by the number of ART cycles performed
for each couple. Third, the fertilization rate obtained in each couple was
divided by the number of embryos that could be transferred accord-
ing to the national rules in force in the year in which the ART was per-
formed.

In order to evaluate the role of semen parameters on fertilization
rate, a correlation analysis was performed using the Spearman Rho
test considering semen analysis as independent and fertilization rate
as a dependent variable. Then, multivariate linear regression analysis
was performed, using fertilization rate as the dependent variable and
semen parameters, anthropometrical variables, and smoking habits
as independent variables. The number of ART cycles performed for
each enrolled couple was used to adjust the independent variable, as
reported above. Since independent variables in our analysis could be
correlated, we performed the variance inflation factor (VIF), in order
to identify the correlation between independent variables and the
strength of that correlation. VIFs ranged from 1 to infinity. A VIF = 1
suggested the lack of collinearity, VIFs between 1 and 5 suggested that
there is a moderate correlation, and VIFs greater than 5 represented

critical levels of multicollinearity.



Semen parameters were finally considered as predictive variables

of the main ART outcome (i.e., pregnancy and live birth rates). Logis-
tic regression analyses were performed setting the ART outcome as
dependent variable and semen volume, sperm concentration, total
sperm number, and sperm morphology as covariates. Among confound-
ing factors, the number of ART cycles performed was included in the
analysis. Finally, in order to identify potential cut-offs, receiving oper-
ating characteristic (ROC) analyses were performed using pregnancy
and live birth rates as state variables and predictive semen parameters
as test variables.

Statistical analysis was performed using the Statistical Package for
the Social Sciences software for Windows (version 26.0; SPSS Inc.,
Chicago, IL, USA). For all comparisons, p < 0.05 was considered statis-

tically significant.
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TABLE 1 Couples’ characteristics. Data are reported as median
(95% confidence interval). [CFTR = cystic fibrosis transmembrane

conductance regulator]

Number of female partners
Female age (years)

Female weight (kg)

Female body mass index (kg/m?)
Number of male partners

Male age (years)

Male weight (kg)

Male body mass index (kg/m?)

Infertility causes

Overall cohort
22,013
36.4(28.0-42.0)
70.0 (56.0-103.0)
25.3(20.5-32.7)
22,013
38.9(30.1-48.8)
61.0(59.2-90.0)
22.6(18.4-32.0)

Pelvic, n (%) 784 (3.6%)
Endometriosis, n (%) 1232 (5.6%)
3 | RESULTS Tubal, n (%) 2133(9.7%)
Immunological, n (%) 15 (0.1%)
Twenty-two thousand and thirteen fresh ART cycles were performed Idiopathic, n (%) 5943 (27%)
between January 1992 and December 2020. Among these, 1545 Advanced maternal age, n (%) 4014 (18.2%)
(7.0%) cycles involved couples with secondary infertility (Table 1). Con- Previous pregnancies
sidering the entire ART cohort, 5819 cycles were IVF (26.4%) and 1,n (%) 3206 (14.6%)
16,194 were ICSI (73.6%). 2,n (%) 1295(5.9%)
Table 2 reports descriptive analyses of the male partner, divid- 3,n (%) 475 (2.2%)
ing patients according to the WHO manual’s version used for semen 4,n (%) 199 (0.9%)
analysis, as reported in the methods section. Using WHO 5th edition >5,n (%) 92 (0.4%)
manual, higher semen volume (p < 0.001) and total sperm number Previous miscarriages
(b < 0.001) were detected compared to previous editions, together 1,n(%) 2859 (13.0%)
with lower sperm concentration (p = 0.004), progressive motility 2,n (%) 1019 (4.6%)
(p <0.001), and sperm morphology (p < 0.001) (Table 3). The detection 3,n (%) 316 (1.4%)
of higher semen volume could be explained by the higher accuracy of 4,n (%) 123 (0.6%)
the method suggested in the WHO manual’s 5th edition. Indeed, previ- >5,n (%) 51(0.3%)
ous methodologies are well known to underestimate semen volume of Previous pre-term delivery
32,33
0.3-0.9ml. 1,n(%) 139 (0.6%)
Interestingly, sperm motility after capacitation was directly related 2.n(%) 13(0.1%)
to sperm concentration (Rho = 0.515, p < 0.001), total sperm number . .
Previous delivery
(Rho =0.425,p < 0.001), progressive motility (Rho =0.537,p < 0.001), 1.n(%) 1386 (6.3%)
and sperm morphology (Rho = 0.503, p < 0.001) independently of 2.1(%) 108 (0.5%)
the manual edition. The different normal ranges recommended by the
3,n (%) 29(0.1%)
WHO manual editions led to a different frequency of sperm alter-
: . - 4,n (%) 16 (0.1%)
ations (Table 2). Indeed, according to the WHO 5th edition manual, a
. . . >5,n (%) 6(0.1%)
lower frequency of oligo-, astheno-, and teratozoospermia was diag- e ab »
F type, n (% 49 (0.2%
nosed compared to the previous editions (Table 2). emale abnormal karyotype, n (%) (0.2%)
1 0, ()
Considering strong ART outcomes, the overall pregnancy rate was Female CFTR heterozygous mutations, n (%) 143(0.6%)
20.4% (4368 cycles) for biochemical and 20.2% (4314 cycles) for clin- Male abnormal karyotype, n (%) 165(0.7%)
ical pregnancies, respectively. Among the latter, the overall live birth Male CFTR heterozygous mutations, n (%) 219 (1.0%)
rate was 63.3%. Interestingly, both biochemical (20.8% vs. 19.1%, Male Y-chromosome microdeletions, n(%) 16 (0.1%)
p < 0.001) and clinical (20.7% vs. 18.5%, p < 0.001) pregnancy rates Smoking habit
were significantly higher in ICSI than IVF cycles. On the contrary, the Female, n (%) 1805 (8.2%)
live birth rate was not significantly different between ART methodolo- Male, n (%) 2322 (10.5%)

gies (64.0% in ICSl vs. 60.9% in IVF, p = 0.074). Table 3 summarizes the
main ART outcomes.
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TABLE 2 Semen parameters of male partners classified according to the World Health Organisation manual. Data are reported as median
(95% confidence interval). The p-value was calculated by Mann-Whitney U-test. [OAT = oligo-astheno-teratozoospermia; WHO = World Health

Organisation]

Semen volume (ml)
Sperm concentration (million/ml)
Total sperm number (million)

Progressive sperm motility (%)

WHO previous editions

(n=13,112)
1.5(0.5-4.2)
28.0(0.3-110.0)
46.5(0.4-210.0)
30.0(0.5-63.8)

Normal sperm morphology (%) 6.0(0.0-33.0)
Semen alteration
Oligozoospermia n (%) 5402 (41.2%)
Asthenozoospermia n (%) 8969 (68.4%)
Teratozoospermia n (%) 7917 (60.4%)
OAT n (%) 4641 (35.4%)

WHOV edition

(n=8901) p-value
2.7 (0.9-6.0) <0.001
25.0(0.2-102.4) 0.004
60.0(0.4-336.5) <0.001
29.0(0.5-55.0) <0.001
3.0(0.0-10.0) <0.001
3359 (37.7%) <0.001
4709 (52.9%) <0.001
4983 (56.0%) <0.001
2706 (30.4%) <0.001

TABLE 3 Assisted reproductive technology (ART) outcomes considering the entire cohort and dividing according to the ART applied. Data are
reported as median (95% confidence interval). [FSH = follicle-stimulating hormone; ICSI = intracytoplasmic sperm injection; IVF = in vitro

fertilization; LH = luteinizing hormone]

Entire cohort

(n=22,013)

Follicles >15 mm of diameter 4.0(1.0-10.0)
Qocytes retrieved 5.0(1.0-13.0)
Mature oocytes 5.0(1.0-12.0)
Oocytes injected (ICSI cycles) 5.0(1.0-18.0)
Oocytes inseminated (IVF cycles) 4.0(1.0-10.0)
QOocytes fertilized 2.0(0.0-7.0)
Fertilization rate (%) 31.0(5.0-90.0)
Total embryos 2.0(0.0-7.0)
Transferred embryos 1.0 (0.0-4.0)
Frozen embryos 1.0(0.0-6.0)
Gonadotropin stimulation choice

Urinary FSH, n (%) 12,296 (55.9%)

Recombinant FSH, n (%) 5082 (23.1%)

Human menopausal 4430 (20.1%)

gonadotropin, n (%)

FSH + LH, n (%) 201(0.9%)

Stimulation duration (days)

Total gonadotropin dosages (1U)

Only 610 cycles (2.8%) were interrupted since no oocytes were

13.0(9.0-20.0)
2775.0(1050.0-7200.0)

ICSl cycles (n = 16,194)

IVF cycles (n =5819)

4.0(1.0-10.0) 4.0(1.0-10.0)
6.0(1.0-14.0) 4.0(1.0-11.0)
6.0(1.0-13.0) 4.0(1.0-11.0)
4.0(1.0-10.0) =

- 4.0(1.0-10.0)
2.0(0.0-6.0) 3.0(0.0-7.0)
31.9(5.0-90.0) 30.7 (5.0-90.0)
2.0(0.0-7.0) 2.0(0.0-7.0)
1.0(0.0-40) 1.0(0.0-5.0)
1.0(0.0-5.0) 1.0(0.0-6.0)
10,642 (65.7%) 1654 (28.4%)
3123(19.3%) 1959 (33.7%)
2368 (14.6%) 2062 (35.4%
61(0.4%) 140 (2.4%)
13.0(9.0-20.0) 13.0(9.0-20.0)

2625.0(1000.0-7200.0)

| IVF cycles

3075.0(1100.0-6900.0)

retrieved after gonadotropins stimulation. Considering only cycles
with oocytes retrieved, the fertilization rate was significantly higher in
ICS1(42.4 + 39.7%) compared to IVF cycles (38.4 + 49.2%) (F = 27.343,
p < 0.001). Since the fertilization rate was significantly different
between the two ART methodologies, the following analyses were per-

formed for each technique separately.

The fertilization rate was compared among classes of semen abnormal-
ities, defined by the WHO manual’s 5th edition and previous editions,
separately (Table S1). Considering the WHO manual’s 5th edition,
fertilization rate was significantly lower in oligozoospermic patients

(p = 0.030), in asthenozoospermic (p < 0.001), in teratozoospermic
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FIGURE 1 Box plots showing correlation between fertilization rate and sperm concentration (panel A and D), progressive motility (panel B and
E), and sperm morphology (panel C and F). Redline shows the correlation trend

(p < 0.001), and in oligo-astheno-teratozoospermic (OAT) (p < 0.001),
compared to normozoospermic patients (Table S1). Similar results
were obtained using previous editions, showing lower fertilization
rate in oligozoospermia (p < 0.001), asthenozoospermia (p < 0.001),
teratozoospermia (p < 0.001), and OAT (p < 0.001), compared to
normozoospermic patients (Table S1). As a confirmation, fertilization
rate was directly correlated with sperm concentration (5th edition:
Rho = 0.167, p < 0.001; previous editions: Rho = 0.346, p < 0.001),
total sperm number (5th edition: Rho = 0.164, p < 0.001; previous
editions: Rho = 0.342, p < 0.001), progressive motility (5th edition:
Rho = 0.202, p < 0.001; previous editions: Rho = 0.274, p < 0.001)
and sperm morphology (5th edition: Rho = 0.176, p < 0.001; previous
editions: Rho = 0.599, p < 0.001), but not with semen volume (5th

edition: Rho = 0.026, p = 0.138; previous editions: Rho = 0.048,
p=0.053) (Figure 1).

Multivariate analyses showed that only progressive motility accord-
ing to the WHO manual’s 5th edition was included in the final model
(Table 4), predicting the overall fertilization rate. The multicollinear-
ity evaluation showed a moderate correlation, not requiring further
adjustment (VIF: total sperm count = 4.68, sperm concentration = 4.02,
progressive sperm motility = 3.23, and sperm morphology = 2.14).
Thus, the final statistical accuracy of the method was calculated as
71.1%.

Considering strong ART outcomes, logistic regression analyses
detected that sperm concentration (odds ratio [OR]: 1.007, 95%
confidence interval [Cl]: 1.005-1.009, p < 0.001), motility after
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TABLE 4 Multivariate linear regression analyses, divided for in vitro fertilization (IVF) and Intracytoplasmic sperm injection (ICSI) cycles

In vitro fertilization (IVF)

Beta coefficient

Semen volume (ml) -0.150
Sperm concentration (million/ml) -0.003
Total sperm number (million) 0.002
Progressive sperm motility (%) 0.175
Normal sperm morphology (%) -0.110
Male age (years) 0.020
Male body mass index (kg/m?) -0.005
Male Smoking habit 0.030
Intracytoplasmic sperm injection (ICSI)

Semen volume (ml) 0.030
Sperm concentration (million/ml) -0.012
Total sperm number (million) 0.080
Progressive sperm motility (%) 0.020
Normal sperm morphology (%) 0.572
Male age (years) 0.030
Male body mass index (kg/m?) -0.010
Male Smoking habit 0.050

capacitation (OR 1.009, 95% Cl: 1.001-1.017, p < 0.001) and pro-
gressive motility (OR: 1.004, 95% Cl: 1.001-1.006, p < 0.001) signif-
icantly predicted total pregnancy rate. On the contrary, the live birth
rate was predicted only by sperm progressive motility (OR: 1.005, 95%
Cl: 1.001-1.007, p = 0.001). Since sperm motilities predicted preg-
nancy rate, ROC analyses were applied to detect possible sperm motil-
ity thresholds. However, neither progressive motility (area under the
curve (AUC) = 0.483, standard error = 0.010, p = 0.102) nor motility
after capacitation (AUC = 0.485, standard error = 0.018, p = 0.404)
detected significant cut-offs that could be exploited in clinical practice.
Table S2 shows the average sperm motility and morphology dividing

couples who achieved and who did not achieve pregnancy.

3.2 | ICSI cycles

The fertilization rate after ICSI was significantly lower in oligozoosper-
mic (p < 0.001), asthenozoospermic (p < 0.001), teratozoospermic
(p = 0.003), and OAT (p < 0.001), compared to normozoospermic
patients using the WHO manual’s 5th edition (Table S1). This differ-
ence was confirmed using parameters obtained according to previous
WHO manual editions, with lower fertilization rate in oligozoosper-
mia (p < 0.001), asthenozoospermia (p < 0.001), teratozoospermia
(p < 0.001), and OAT patients (p < 0.001), compared to normo-
zoospermic subjects (Table S1). As detected in IVF, ICSl-derived
fertilization rate was directly correlated with sperm concentration
(5th edition: Rho = 0.078, p < 0.001; previous edition: Rho = 0.264,
p < 0.001), total sperm count (5th edition: Rho = 0.082, p < 0.001;

95% confidence interval p-value
0.717-1.035 0.110
0.987-1.007 0.567
1.002-0.998 0.168
1.020-1.120 <0.001
0.974-1.004 0.158
0.980-1.062 0.325
0.991-1.005 0.134
1.004-0.967 0.267
1.004-0.987 0.110
0.967-1.012 0.567
1.009-0.971 0.168
0.980-1.062 0.168
0.723-1.211 <0.001
0.960-1.082 0.325
0.990-1.009 0.134
1.008-0.960 0.267

previous edition: Rho = 0.239, p < 0.001), progressive motility (5th
edition: Rho = 0.118, p < 0.001; previous edition: Rho = 0.277,
p < 0.001) and sperm morphology (5th edition: Rho = 0.0.72,
p < 0.001; previous edition: Rho = 0.237, p < 0.001), but not with
semen volume (5th edition: Rho = 0.022, p = 0.117; previous edition:
Rho = -0.038, p = 0.072), independently from the manual edition
(Figure 1).

Multivariate analyses showed that only sperm morphology was
included in the final model, predicting the overall fertilization rate
(Table 4). The multicollinearity evaluation showed a moderate correla-
tion, not requiring further adjustment (VIF: total sperm count = 4.91,
sperm concentration = 4.76, progressive sperm motility = 4.21, and
sperm morphology = 1.89). The final test accuracy was calculated at
90.3%.

Finally, applying logistic regression analyses to strong ART out-
comes prediction, sperm morphology significantly predicted both preg-
nancy (OR: 1.020, 95% ClI: 1.008-1.032, p < 0.001) and live birth rates
(OR:1.018,95% Cl: 1.013-1.023, p < 0.001). These results confirm the
potential predictive role of sperm morphology for the final ICSI out-
come. Therefore, we performed ROC analyses using sperm morphol-
ogy as a test variable and pregnancy and live birth rates as indepen-
dent state variables. The first ROC analysis showed that a sperm mor-
phology cut-off of 5.5% could be selected to predict clinical pregnancy
(AUC = 0.811, standard error = 0.009, p < 0.001) with a sensitivity of
72% and specificity of 71% (Figure 2).

On the contrary, the ROC analysis performed using live birth rate as
a state variable was not able to detect a sperm morphology threshold
(AUC = 0.514, standard error = 0.024, p = 0.550). Table S2 shows the
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FIGURE 2 Receiving operating characteristic (ROC) analysis using
clinical pregnancy rate as a state variable and sperm morphology as
test variable in intracytoplasmic sperm injection cycles

average sperm motility and morphology dividing couples who achieved

and who did not achieve pregnancy.

4 | DISCUSSION

Inour large cohort of fresh cycles, we confirm a higher fertilization rate
in ICSI compared to IVF, as demonstrated in a recent meta-analysis.3*
This parameter could be considered the earliest and most suited vari-
able to evaluate the male contribution to oocyte activation.®® Indeed,
fertilization rate, defined as the ratio between fertilized oocytes and
injected/inseminated oocytes, is an informative, early parameter of
the interaction of sperm plasma membrane and acrosome region with
the oocyte within the sperm-cumulus oophorus complex, leading to
egg activation.3¢37 Thus, the fertilization rate could represent the
first and the most reliable tool to evaluate the male role in IVF and
ICSI cycles. In our cohort, the fertilization rate reached the highest
percentage when all semen parameters are above the lower limit
of the reference ranges, irrespective of the ART technique applied
and of the WHO manual’s version used for semen analysis. Indeed, a
direct correlation between fertilization rate and semen parameters
(i.e., sperm count, motility, and morphology) is detected in both ICSI
and IVF cycles. However, applying more complex statistical analyses
including all semen parameters together, fertilization rate is related
to sperm morphology in ICSI cycles and to sperm motility in IVF
cycles. These predictors are extremely interesting, suggesting and
confirming the difference between the two ART methods, as well as
the different male contributions to the ART according to the technique
applied. However, considering only IVF cycles, the sperm morphology

predictive ability is confirmed only when the WHO manual’s 5th
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edition is used for semen analysis. Indeed, using previous editions,
several semen parameters seem to influence fertilization rate, but
they disappear when co-variates are considered. With this in mind,
we could speculate that the last WHO manual is more stringent and
accurate in the definition of normal male fertility.3® However, differ-
ences obtained in semen alteration abnormalities should be carefully
evaluated. Indeed, it could be the result of both the change in reference
ranges suggested by the manual and the shift in lab practice, applied
to follow the guidelines reported by WHO for the execution of semen
analysis.

While conventional IVF relies on co-incubation of oocytes with
spermatozoa, ICSI consists of the injection of a single spermatozoon
into the oocyte cytoplasm.3? For this difference, ICSI was initially
employed only for the treatment of infertility due to a severe male
factor. However, nowadays it is largely preferred in clinical practice, up
to 65% of the cycles, irrespective of semen quality.*®#! This high and
perhaps excessive use of ICS| is reflected by its routine use in many
ART programs, and its preferential application in case of unexplained
couple infertility and/or isolated low morphology on semen analysis.*?
However, despite ICSI representing one of the greatest advances
in the field of assisted reproduction, bestowing men with severe
oligozoospermia the opportunity to produce genetically own offspring,
it does not seem to confer a concrete advantage over IVF in non-male-
factor infertility.*3>44 Indeed, several studies suggested a higher risk
of chromosomal abnormalities,* epigenetic modifications,*¢ imprint-
ing disorders,*” autism,*® intellectual disability,*” hospitalization at
neonatal intensive care units,”® and congenital disorders®! in ICSI as
compared to IVF cycles. It should be remembered that some of these
conditions seem to be paternal age-related, such as schizophrenia,>?
Down,*3”* and Apert>® syndromes. Moreover, ICSI is more time- and
resource-consuming compared to IVF.>> As a confirmation, the ICSI
cost-effectiveness was evaluated by some authors showing that a
3.3% increase in live birth rate could be achieved with an incremental
cost of $29,666 compared to IVF.°¢ Here, we confirm a greater ICSI
application compared to IVF in a large series of over 20,000 fresh
cycles. In our large cohort, we confirm the superiority of ICSI over IVF
in terms of strong ART outcomes as previously demonstrated. Indeed,
several uncontrolled studies suggested that the pregnancy rate ranged
from 9% to 12% in IVF°7 and from 16% to 26% in ICSI cycles.>8-60
However, the real reason for this difference is not clear. Potentially,
ICSl cycles were initially applied to couples with male infertility causes,
in which normal female fertility could lead to better quality embryos
with superior implantation rates.®® However, in our cohort, although
ICSI results in higher fertilization and pregnancy rates compared to
IVF, the final live birth rate appears to be comparable between the
two techniques, suggesting that the initial difference, in terms of
fertilization and pregnancy rates, is finally smoothened by pregnancy
and delivery-related variables.

In this study, we demonstrate that pregnancy and live birth rates in
ICSI cycles are predicted by sperm morphology. The decisional classi-
fication analysis suggests a higher ICSI success rate when the sperm
morphology is higher than 5.5%. Thus, we could conclude that ICSI

should be reserved for infertile couples in whom sperm morphology
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is good or after treatment of the male partner aiming to improve
sperm morphology. Thus, a hypothetical sperm morphology improve-
ment (i.e., after gonadotropins stimulation) could lead to a significant
fertilization rate increase. Indeed, the current application of ICSl is not
justified by the minimal increase of live birth rate obtained at dis-
proportionately increased costs. Our result confirms the previous
demonstration of the relevant role of sperm morphology in ART
outcomes.®2-¢* The impact of teratozoospermia on IVF/ICSI offspring
was inconclusive so far.3 Recently, Zhou et al. evaluated the influence
of teratozoospermia on pregnancy outcome and newborn status after
IVF and ICSI, detecting a limited predictive value for pregnancy out-
comes and little impact on the resulting offspring.®> However, these
results were obtained in a much smaller cohort of 2202 IVF cycles and
2574 1CSl cycles®® compared to the present study. Thus, we could spec-
ulate that the role of sperm morphology in ART outcomes emerges only
by observing very large case series (statistical power 90.3%). More-
over, sperm morphology could represent an indirect measure of the
real sperm quality. Indeed, in a very recent retrospective study, the
relationship between DFI, a direct measure of DNA quality, and sperm
morphology was investigated.®® The DFI-morphology correlation was
observed only in the motile sperm population identified after the swim-
up performed to select the spermatozoon subsequently used in ICSI
or IVF procedures.®® The authors concluded that in case of detection
of DFI > 15% in the whole semen sample, the DFI analysis should be
performed in spermatozoa selected after pellet swim up, to avoid pick-
ing out a spermatozoon presenting a normal morphology but a frag-
mented DNA.2¢ This result suggests that, although a spermatozoon
with an apparently normal morphology could exhibit high DFI, causing
a reduced embryo quality and pregnancy rate after 1CSI,%” these two
parameters are strictly related, highlighting the role that sperm mor-
phology, if well performed, can play in clinical practice. A well-shaped
(nice-looking) sperm is probably a healthy sperm, influencing the final
reproductive result. The different impact of sperm morphology on IVF
and ICSl cycles, suggests that the embryologist work should be tailored
to the ART methods applied, in order to improve sperm selection.
Different from ICSI, better IVF results, in terms of fertilization and
pregnancy rates, are achieved in those couples in whom the male part-
ner shows the highest sperm count and motility. Thus, we could spec-
ulate that IVF should be reserved for those cycles with normal sperm
count and progressive motility, rather than sperm morphology. In this
setting, similar results are obtained using motility after capacitation,
rather than progressive motility alone. Thus, this parameter seems to
be useful to help the clinician to select the appropriate ART cycle to
apply in a given infertile couple.®® Indeed, sperm capacitation, resulting
in hyperactivated motility and acrosome reaction, naturally occurs for
fertilization.? It is well known that despite normal semen parameters,
some semen samples fail to fertilize the oocyte since the sperm is not
able to capacitate.®? With this in mind, it is clear that the evaluation of
sperm motility after capacitation before IVF could be essential to bet-
ter select the patient candidate for this ART technique. However, the
final reproductive outcome, that is childbirth, seems to be unaffected
by sperm motility. This result suggests that many other factors inter-

fere with IVF success, other than sperm parameters. Thus, changing
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the point of view, the use of live birth rate as the outcome to evalu-
ate male fertility-related treatment is incorrect and too far from male
contribution.

Our results must be considered cautiously since the Italian
law changing over time significantly impacted the efficacy of ART
approaches. Indeed, the interpretation of the Constitutional Court of
law number 40 in 2009 introduced important limits to ART, limiting
the number of embryos transferred and contributing to increasing the
use of cryopreserved oocytes. This change reduced ART efficacy in
couples in which the woman’s age was higher than 38 years and in
couples in which the testicular sperm extraction was required.”0-72
However, in our cohort, we evaluated only fresh cycles and the mean
female age was below this threshold, reducing this potential bias on
our results. However, this selection reduced the sample size, probably
reducing the final overall pregnancy rate obtained in the center. More-
over, this result should be due also to the long period of data collec-
tion, including two historical moments (2005-2008 and 2018-2020),
in which structural interventions in the center and the COVID-19 pan-
demic reduced the number of fresh ART cycles performed. Moreover,
our results, although statistically significant, show confidence intervals
at the limits of significance. Therefore, this data must be carefully con-
sidered. Indeed, from entering the ART path to its outcome, the vari-
ables encountered are numerous. However, the identification of a sin-
gle parameter that influences, albeit slightly, the final outcome, indi-
cates a considerable clinical weight.

In conclusion, our results, derived from a large and homogenous
cohort followed in a center, confirm the clinical relevance of semen
parameters in the ART setting. In particular, sperm motility seems to
be the best male parameter to predict fertilization rate in IVF. On the
contrary, sperm morphology shows the strongest relationship in ICSI
cycles, considering either fertilization rate or final ART outcomes, such
as pregnancy rate. This result could have an immediate transposition
into clinical practice, helping the choice of the best ART approach to be
performed on the infertile couple or suggesting therapy for the male
partner to pursue an improvement in sperm motility/morphology.

ACKNOWLEDGMENT
Open Access Funding provided by Universita degli Studi di Modena e
Reggio Emilia within the CRUI-CARE Agreement.

FUNDING INFORMATION

This study did not receive funds.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

AUTHOR CONTRIBUTIONS

Study design: Maria Teresa Villani, Daria Morini, Giorgia Spaggiari,
Manuela Simoni, Daniele Santi. Data acquisition: Maria Teresa Villani,
Daria Morini, Giorgia Spaggiari, Angela Immacolata Falbo, Beatrice
Melli, GGiovanni Battista La Sala, Lorenzo Aguzzoli, Daniele Santi. Data
analysis: Giorgia Spaggiari, MR, Daniele Santi. Drafting the manuscript:

Giorgia Spaggiari, MR, Daniele Santi. Revising the manuscript: Maria



| WILEY

ANDROLOGY

Teresa Villani, Daria Morini, Giorgia Spaggiari, Angela Immacolata

Falbo, Beatrice Melli, Giovanni Battista La Sala, MR, Manuela Simoni,

Lorenzo Aguzzoli, Daniele Santi. Approval of the final version: Maria

Teresa Villani, Daria Morini, Giorgia Spaggiari, Angela Immacolata

Falbo, Beatrice Melli, Giovanni Battista La Sala, MR, Manuela Simoni,

Lorenzo Aguzzoli, Daniele Santi.

ORCID

Manuela Simoni

https://orcid.org/0000-0002-2133-4304

REFERENCES

1.

10.

11

12.

13.

14.

15.

16.

17.

Yanofsky RM, Hanselman TF. Business law issues for assisted repro-
ductive technology practices and practitioners: considerations for
sales or mergers of fertility practices. Fertil Steril. 2020;115(2):290-
295.

. WHO. WHO Laboratory Manual for the Examination and Processing of

Human Semen. 5th ed. World Health Organization; 2010.

. Mankus EB, Holden AE, Seeker PM, et al. Prewash total motile count is

a poor predictor of live birth in intrauterine insemination cycles. Fertil
Steril. 2019;111(4):708-713.

. Lemmens L, Kos S, Beijer C, et al. Predictive value of sperm morphol-

ogy and progressively motile sperm count for pregnancy outcomes in
intrauterine insemination. Fertil Steril. 2016;105(6):1462-1468.

. Dcunha R, Hussein RS, Ananda H, et al. Current insights and lat-

est updates in sperm motility and associated applications in assisted
reproduction. Reprod Sci. 2020:1-19. https://doi.org/10.1007/s43032-
020-00408-y

. Ombelet W, Dhont N, Thijssen A, Bosmans E, Kruger T. Semen quality

and prediction of 1Ul success in male subfertility: a systematic review.
Reprod Biomed Online. 2014;28(3):300-309.

. Zaninovic N, Rosenwaks Z. Artificial intelligence in human in vitro fer-

tilization and embryology. Fertil Steril. 2020;114(5):914-920.

. Donnelly ET, Lewis SE, McNally JA, Thompson W. In vitro fertilization

and pregnancy rates: the influence of sperm motility and morphology
on IVF outcome. Fertil Steril. 1998;70(2):305-314.

. Michelmann HW. Minimal criteria of sperm quality for insemination

and IVF therapy. Int J Androl. 1995;18(Suppl 2):81-87.

Liu DY, Clarke GN, Baker HW. Relationship between sperm motility
assessed with the Hamilton-Thorn motility analyzer and fertilization
rates in vitro. J Androl. 1991;12(4):231-239.

Moghadam KK, Nett R, Robins JC, et al. The motility of epididymal
or testicular spermatozoa does not directly affect IVF/ICSI pregnancy
outcomes. J Androl. 2005;26(5):619-623.

van den Hoven L, Hendriks JC, Verbeet JG, Westphal JR, Wetzels AM.
Status of sperm morphology assessment: an evaluation of methodol-
ogy and clinical value. Fertil Steril. 2015;103(1):53-58.

Dang VQ, Vuong LN, Ho TM, et al. The effectiveness of ICSI ver-
sus conventional IVF in couples with non-male factor infertility:
study protocol for a randomised controlled trial. Hum Reprod Open.
2019;2019(2):hoz006.

Hotaling JM, Smith JF, Rosen M, Muller CH, Walsh TJ. The relation-
ship between isolated teratozoospermia and clinical pregnancy after
in vitro fertilization with or without intracytoplasmic sperm injection:
a systematic review and meta-analysis. Fertil Steril. 2011;95(3):1141-
1145.

Santi D, De Vincentis S, Magnani E, Spaggiari G. Impairment of sperm
DNA methylation in male infertility: a meta-analytic study. Andrology.
2017;5(4):695-703.

Alvarez Sedé C, Bilinski M, Lorenzi D, et al. Effect of sperm DNA
fragmentation on embryo development: clinical and biological aspects.
JBRA Assist Reprod. 2017;21(4):343-350.

Santi D, Spaggiari G, Simoni M. Sperm DNA fragmentation index as a
promising predictive tool for male infertility diagnosis and treatment
management. RBM Online. 2018.

NDROLOGY

VILLANI ET AL.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Collins JA, Barnhart KT, Schlegel PN. Do sperm DNA integrity
tests predict pregnancy with in vitro fertilization? Fertil Steril.
2008;89(4):823-831.

Evenson D, Wixon R. Meta-analysis of sperm DNA fragmentation
using the sperm chromatin structure assay. Reprod Biomed Online.
2006;12(4):466-472.

Tomlinson M, Lewis S, Morroll D. Sperm quality and its relationship to
natural and assisted conception: British Fertility Society guidelines for
practice. Hum Fertil. 2013;16(3):175-193.

Zegers-Hochschild F, Adamson GD, de Mouzon J, et al. The Interna-
tional Committee for Monitoring Assisted Reproductive Technology
(ICMART) and the World Health Organization (WHO) revised glossary
on ART terminology, 2009. Hum Reprod. 2009;24(11):2683-2687.
Zegers-Hochschild F, Adamson GD, Dyer S, et al. The interna-
tional glossary on infertility and fertility care, 2017. Hum Reprod.
2017;32(9):1786-1801.

La Sala GB, Nicoli A, Capodanno F, Rondini |, Villani MT, lannotti F.
The effect of the 2004 Italian law on outcomes of assisted reproduc-
tion technology in severe male factor infertility. Reprod Biomed Online.
2010;20(1):2-10.

Nicoli A, Capodanno F, Moscato L, et al. Analysis of pronuclear zygote
configurations in 459 clinical pregnancies obtained with assisted
reproductive technique procedures. Reprod Biol Endocrinol. 2010;8:77.
Barratt CL, Bjorndahl L, Menkveld R, Mortimer D. ESHRE special inter-
est group for andrology basic semen analysis course: a continued focus
on accuracy, quality, efficiency and clinical relevance. Hum Reprod.
2011;26(12):3207-3212.

WHO. WHO Laboratory Manual for the Examination and Processing of
Human Semen.. 3th ed. World Health Organization; 1992.

WHO. WHO Laboratory Manual for the Examination and Processing of
Human Semen.. 4th ed. World Health Organization; 1999.

WHO. WHO Laboratory Manual for the Examination and Processing of
Human Semen.. 5th ed. World Health Organization; 2010.

Secciani F, Bianchi L, Ermini L, et al. Protein profile of capacitated
versus ejaculated human sperm. J Proteome Res. 2009;8(7):3377-
3389.

Della Giovampaola C, Flori F, Sabatini L, et al. Surface of human sperm
bears three differently charged CD52 forms, two of which remain sta-
bly bound to sperm after capacitation. Mol Reprod Dev. 2001;60(1):89-
96.

Cantarelli M, Gallicchio D, Massari A, La Sala GB. Methods for prepar-
ing sperm for assisted reproduction technologies: increasing fertilizing
capacity. Acta Eur Fertil. 1991;22(6):321-324.

Brazil C, Swan SH, Drobnis EZ, et al. Standardized methods for semen
evaluation in a multicenter research study. J Androl. 2004;25(4):635-
644.

Cooper TG, Brazil C, Swan SH, Overstreet JW. Ejaculate volume is seri-
ously underestimated when semen is pipetted or decanted into cylin-
ders from the collection vessel. J Androl. 2007;28(1):1-4.

Geng T, ChengL, Ge C, Zhang Y. The effect of ICSI in infertility couples
with non-male factor: a systematic review and meta-analysis. J Assist
Reprod Genet. 2020;37(12):2929-2945.

Cito G, Picone R, Fucci R, et al. Sperm morphology: what implications
on the assisted reproductive outcomes? Andrology. 2020;8(6):1867-
1874.

Moskovtsev SI, Willis J, White J, Mullen JB. Sperm DNA damage: cor-
relation to severity of semen abnormalities. Urology. 2009;74(4):789-
793.

Esquerré-Lamare C, Walschaerts M, Chansel Debordeaux L, et al.
Sperm aneuploidy and DNA fragmentation in unexplained recurrent
pregnancy loss: a multicenter case-control study. Basic Clin Androl.
2018;28:4.

Menkveld R. Clinical significance of the low normal sperm morphology
value as proposed in the fifth edition of the WHO Laboratory Manual
for the Examination and Processing of Human Semen. Asian J Androl.
2010;12(1):47-58.


https://orcid.org/0000-0002-2133-4304
https://orcid.org/0000-0002-2133-4304
https://doi.org/10.1007/s43032-020-00408-y
https://doi.org/10.1007/s43032-020-00408-y

VILLANI ET AL.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Palermo G, Joris H, Devroey P, Van Steirteghem AC. Pregnancies
after intracytoplasmic injection of single spermatozoon into an oocyte.
Lancet North Am Ed. 1992;340(8810):17-18.

Zegers-Hochschild F, Adamson GD, Dyer S, et al. The interna-
tional glossary on infertility and fertility care, 2017. Fertil Steril.
2017;108(3):393-406.

Dyer S, Chambers GM, de Mouzon J, et al. International Commit-
tee for Monitoring Assisted Reproductive Technologies world report:
assisted reproductive technology 2008, 2009 and 2010+. Hum Reprod.
2016;31(7):1588-1609.

Hodes-Wertz B, Mullin CM, Adler A, Noyes N, Grifo JA, Berkeley AS. Is
intracytoplasmic sperm injection overused? J Urol. 2012;187(2):602-
606.

Bhattacharya S, Hamilton MPR, Shaaban M, et al. Conventional in-
vitro fertilisation versus intracytoplasmic sperm injection for the
treatment of non-male-factor infertility: a randomised controlled trial.
Lancet North Am Ed. 2001;357(9274):2075-2079.

Intracytoplasmic sperm injection (ICSI) for non-male factor infertility:
a committee opinion. Fertil Steril. 2012;98(6):1395-1399.

Gjerris AC, Loft A, Pinborg A, Christiansen M, Tabor A. Prenatal
testing among women pregnant after assisted reproductive tech-
niques in Denmark 1995-2000: a national cohort study. Hum Reprod.
2008;23(7):1545-1552.

Kohda T, Ishino F. Embryo manipulation via assisted reproductive
technology and epigenetic asymmetry in mammalian early develop-
ment. Philos Trans R Soc Lond B Biol Sci. 2013;368(1609):20120353.
Amor DJ. Genomic imprinting, small babies and assisted reproduction.
Eur J Hum Genet. 2009;17(1):1-2.

Kissin DM, Zhang Y, Boulet SL, et al. Association of assisted reproduc-
tive technology (ART) treatment and parental infertility diagnosis with
autism in ART-conceived children. Hum Reprod. 2014;30(2):454-465.
Sandin S, Nygren K-G, lliadou A, Hultman CM, Reichenberg A. Autism
and mental retardation among offspring born after in vitro fertiliza-
tion. JAMA. 2013;310(1):75-84.

Nouri K, Ott J, Stoegbauer L, Pietrowski D, Frantal S, Walch K. Obstet-
ric and perinatal outcomes in IVF versus ICSl-conceived pregnan-
cies at a tertiary care center - a pilot study. Reprod Biol Endocrinol.
2013;11(1):84.

Davies MJ, Rumbold AR, Marino JL, et al. Maternal factors and the risk
of birth defects after IVF and ICSI: a whole of population cohort study.
BJOG. 2017;124(10):1537-1544.

Lee H, Malaspina D, Ahn H, et al. Paternal age related schizophre-
nia (PARS): Latent subgroups detected by k-means clustering analysis.
Schizophr Res. 2011;128(1-3):143-149.

Kazaura MR, Lie RT, Skjaerven RS. Grandparents’ age and the
risk of Down’s syndrome in Norway. Acta Obstet Gynecol Scand.
2006;85(2):236-240.

Erickson JD. Down syndrome, paternal age, maternal age and birth
order. Ann Hum Genet. 1978;41(3):289-298.

Zheng D, Nguyen QN, Li R, Dang VQ. Is intracytoplasmic sperm injec-
tion the solution for all in unexplained infertility? Semin Reprod Med.
2020;38(1):36-47.

Vitek WS, Galarraga O, Klatsky PC, Robins JC, Carson SA, Blazar AS.
Management of the first in vitro fertilization cycle for unexplained
infertility: a cost-effectiveness analysis of split in vitro fertilization-
intracytoplasmic sperm injection. Fertil Steril. 2013;100(5):1381-1388.
Daitoh T, Kamada M, Yamano S, et al. High implantation rate and con-
sequently high pregnancy rate by in vitro fertilization-embryo trans-
fer treatment in infertile women with antisperm antibody. Fertil Steril.
1995;63(1):87-91.

Van Steirteghem AC, Nagy Z, Joris H, et al. High fertilization and
implantation rates after intracytoplasmic sperm injection. Hum Reprod.
1993;8(7):1061-1066.

ANDROLOGY

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

WILEY- -2

Schoolcraft WB, Schlenker T, Adler A, Alikani M. A model for the incor-
poration of intracytoplasmic sperm injection into a private practice in
vitro fertilization program. Fertil Steril. 1996;65(2):258-261.

Tsirigotis M, Yang D, Redgment CJ, Nicholson N, Pelekanos M, Craft
IL. Assisted fertilization with intracytoplasmic sperm injection. Fertil
Steril. 1994;62(4):781-785.

Fishel S, Aslam I, Lisi F, et al. Should ICSI be the treatment of choice for
all cases of in-vitro conception? Hum Reprod. 2000;15(6):1278-1283.
Martin C, Woodland E. Sperm selection technology in ART. Semin
Reprod Med. Published online July 13, 2021. https://doi.org/10.1055/
s-0041-1732313

Agarwal A, Sharma R, Gupta S, et al. Sperm morphology assessment
in the era of intracytoplasmic sperm injection: reliable results require
focus on standardization, quality control, and training. World J Mens
Health. 2021.

Zhou WJ, Huang C, Jiang SH, et al. Influence of sperm morphology on
pregnancy outcome and offspring inin vitro fertilization and intracyto-
plasmic sperm injection: a matched case-control study. Asian J Androl.
2021;23(4):421-428.

Zhou WJ, Huang C, Jiang SH, et al. Influence of sperm morphology on
pregnancy outcome and offspring inin vitro fertilization and intracyto-
plasmic sperm injection: a matched case-control study. Asian J Androl.
2021;23(4):421-428.

Ferrigno A, Ruvolo G, Capra G, Serra N, Bosco L. Correlation between
the DNA fragmentation index (DFI) and sperm morphology of infertile
patients. J Assist Reprod Genet. 2021;38(4):979-986.

Avendaiio C, Oehninger S. DNA fragmentation in morphologically nor-
mal spermatozoa: how much should we be concerned in the ICSl era? J
Androl. 2011;32(4):356-363.

Gunderson SJ, Puga Molina LC, Spies N, et al. Machine-learning algo-
rithm incorporating capacitated sperm intracellular pH predicts con-
ventional in vitro fertilization success in normospermic patients. Fertil
Steril. 2021;115(4):930-939.

Bracke A, Peeters K, Punjabi U, Hoogewijs D, Dewilde S. A search for
molecular mechanisms underlying male idiopathic infertility. Reprod
Biomed Online. 2018;36(3):327-339.

La Sala GB, Villani MT, Nicoli A, Valli B, lannotti F, Blickstein I. The
effect of legislation on outcomes of assisted reproduction technol-
ogy: lessons from the 2004 Italian law. Fertil Steril. 2008;89(4):854-
859.

La Sala GB, Nicoli A, Capodanno F, Villani MT, lannotti F, Blickstein I.
The effect of the 2004 Italian legislation on perinatal outcomes fol-
lowing assisted reproduction technology. J Perinat Med. 2009;37(1):
43-47.

. La Sala GB, Gallinelli A, Nicoli A, Villani MT, Nucera G. Pregnancy loss

and assisted reproduction: preliminary results after the law 40/2004
in Italy. Reprod Biomed Online. 2006;13(1):65-70.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Villani MT, Morini D, Spaggiari G, et al.
Are sperm parameters able to predict the success of assisted
reproductive technology? A retrospective analysis of over
22,000 assisted reproductive technology cycles. Andrology.
2022;10:310-321. https://doi.org/10.1111/andr.13123


https://doi.org/10.1055/s-0041-1732313
https://doi.org/10.1055/s-0041-1732313
https://doi.org/10.1111/andr.13123

	Are sperm parameters able to predict the success of assisted reproductive technology? A retrospective analysis of over 22,000 assisted reproductive technology cycles
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Study design and participants
	2.2 | ART procedures
	2.3 | Outcomes
	2.4 | Semen analysis
	2.5 | Statistical analysis

	3 | RESULTS
	3.1 | IVF cycles
	3.2 | ICSI cycles

	4 | DISCUSSION
	ACKNOWLEDGMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


