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1 | INTRODUCTION

The risk of total fertilisation failure (TFF) or near-TFF is unavoid-
able during the conventional IVF treatment. The occurrence of
TFF is still hard to predict, and incidence has been reported to

range from 5% to as high as 15%-20% during the conventional IVF

Abstract

The sperm quality of some males is in a critical state, making it hard for clinicians
to choose the suitable fertilisation methods. This study aimed to develop an intel-
ligent nomogram for predicting fertilisation rate of infertile males with borderline
semen. 160 males underwent in vitro fertilisation (IVF), 58 of whom received res-
cue ICSI (R-ICSI) due to fertilisation failure (fertilisation rate of IVF <30%). A least
absolute shrinkage and selection operator (LASSO) regression analysis identified
sperm concentration, progressively motile spermatozoa (PMS), seminal plasma anti-
Miuillerian hormone (spAMH), seminal plasma inhibin (spINHB), serum AMH (serAMH)
and serum INHB (serINHB) as significant predictors. The nomogram was plotted by
multivariable logistic regression. This nomogram-illustrated model showed good
discrimination, calibration and clinical value. The area under the receiver operating
characteristic curve (AUC) of the nomogram was 0.762 (p < .001). Calibration curve
and Hosmer-Lemeshow test (p = .5261) showed good consistency between the pre-
dictions of the nomogram and the actual observations, and decision curve analy-
sis showed that the nomogram was clinically useful. This nomogram may be useful
in predicting fertilisation rate, mainly focused on new biomarkers, INHB and AMH.
It could assist clinicians and laboratory technicians select appropriate fertilisation

methods (IVF or ICSI) for male patients with borderline semen.
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cycles (Combelles et al., 2010; Huang et al., 2014, 2015; Mahutte
& Arici, 2003; Vitek et al., 2013), resulting no embryos being trans-
ferred and cycle cancellation, ultimately incurring a high emotional
and financial toll on affected couples. Under such circumstance,
rescue ICSI (R-ICSI) has been used to overcome TFF or low fertil-

isation rate. Conventional IVF is performed 3 hr following oocyte

Correction added on 10 September 2021, after first online publication: One of the author names has been corrected in this version.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Andrologia published by Wiley-VCH GmbH.

Andrologia. 2021;53:€14182.
https://doi.org/10.1111/and.14182

wileyonlinelibrary.com/journal/and 1of9


www.wileyonlinelibrary.com/journal/and
mailto:﻿
https://orcid.org/0000-0002-4859-6945
http://creativecommons.org/licenses/by/4.0/
mailto:hr7424@126.com

LI ET AL

retrieval, and cumulus-corona-oocyte complexes were insemi-
nated by exposing them to spermatozoa for 3 hr. Then, laboratory
operators check if oocytes extrude the second polar body. Those in
which a second polar body is not extruded were subjected to early
R-ICSI after 6 hr of insemination (9 hr after oocyte retrieval) with
fertilisation being checked on the next day (Chen & Kattera, 2003;
Nagy et al., 2006), which is considered to be an effective approach
to managing unfertilised oocytes. R-ICSI is used as a routine rem-
edy for in vitro fertilisation by a great many world's reproductive
centres and has an ideal clinical outcome; however, early R-ICSI
involves mechanical operation of stripping granulosa cells from
oocytes and delays several hours insemination compared with con-
ventional ICSI (Chen et al., 2014). Although R-ICSI does not affect
the formation of the female-male pronucleus at this moment, some
cytokines or mRNAs which maintain normal division of the embryo
have been degraded or modified, thereby losing the original func-
tion and affecting the embryos’ quality and developmental poten-
tial (Sirard et al., 2006). In the present study, it was shown that
compared with ICSI, high embryo quality rate, available embryos
rate and blastocyst formation rate of the group of R-ICSI| were lower
(Ping et al., 2017). Besides, polyspermia is more likely to occur in R-
ICSI. Even the rate of stillbirths and perinatal deaths are also higher
for the R-ICSI procedure relative to ICSI (Chen et al., 2014).
Semen analysis, which can evaluate semen quality, is a basic ex-
amination item for evaluating male fertility before clinical assisted
reproductive technology (ART) treatment. It also has a certain ref-
erence value for the selection of assisted reproductive method and
prediction of ART outcomes. However, single or comprehensive
semen parameters still do not accurately predict the conception
potential of ART (Bo et al., 2014; Wang & Swerdloff, 2014). In as-
sisted reproduction programmes, decisions concerning the treat-
ment technique (IVF or ICSI) are usually made after the evaluation
of male fertility factors or taking into account the results of previ-
ous IVF attempts. Because ICSI has been recognised for its clinical
effects, at present, the use of ICSI to treat male infertility has an
increasingly common trend. However, in clinical practice, the indi-
cations of ICSI should be strictly controlled, and ICSI is supposed
to be regarded as the last resort after the failure of conventional
treatment. There is controversy over whether the critical semen
quality needs to relax the ICSI indications. However, if such pa-
tients undergo conventional IVF, TFF may occur. Even if the semen
of some patients can be remedied for R-ICSI, it is difficult to save
the fertilisation outcome. There are no widely accepted criteria,
so the decision for males with borderline semen is often empirical,
which may lead to complete fertilisation failure after IVF, or to the
unnecessary use of ICSI and excessive treatment. Severe oligoas-
thenospermia is also easy to diagnose and choose ICSI to complete
fertilisation through evaluating sperm parameters. In patients with
mild and moderate oligoasthenospermia, which is called borderline
semen, selecting whether IVF or ICSI will be conducted is essential.
Therefore, in the era background of precision medicine, it is nec-
essary to find a method for accurately predicting the fertilisation

ability of spermatozoa, and the selection of fertilisation methods is

clinically required. If we can predict the fertilisation rate in advance,
it is possible to avoid the adverse outcome caused by R-ICSI after
IVF and the excessive medical treatment caused by unnecessary
ICSI. In our study, we choose some new efficient biomarkers. It is
common knowledge that AMH and INHB belong to the transforming
growth factor-p (TGF-p) superfamily, and all produced by the Sertoli
cells (Barbotin et al., 2015; Josso, 2019) have a synergistic effect on
the evaluation of male fertility.

Hence, the aim of this study was, therefore, to develop a nomo-
gram using new biomarkers to predict the fertilisation rate of IVF to
choose the appropriate fertilisation method for male patients with

borderline semen.

2 | PATIENTS AND METHODS
2.1 | Subjects

The study population comprised 160 infertile couples, including 102
couples who only received IVF, and 58 couples who underwent R-
ICSI after the same cycles of IVF attributed to the low fertility rate of
30%. All participants were come from Reproductive Medicine Center
of General Hospital of Ningxia Medical University from January
2017 to January 2019. Both husband and wife were <35 years of
age, with a body mass index (BMI) between 19.0 and 26.0 kg/mz,
and have complete medical history, normal chromosomes, no recent
infection, chronic diseases disease and no adverse environmental
exposure. The inclusion criterion of female was as follows: with two
ovaries, normal level of sex hormone and 6-15 eggs were obtained
in this cycle. The exclusion criterion of female was as follows: with
polycystic ovarian syndrome (PCOS), endometriosis, a history of
ovarian surgery and other abnormal ovarian function. The inclu-
sion criterion of male as follows: different degrees of oligoastheno-
spermia, absence of cryptorchidism, varicocele, testicular trauma
and azoospermia. This study was approved by the Reproductive
Medicine Ethics Committee of General Hospital of Ningxia Medical
University. All patients were informed of the purpose and methods
of the experiment and signed the informed consent.

2.2 | Assisted reproduction process

All female patients received intramuscular injection of GnRHa
(Individualised treatment doses ranged from 1/3 to 1, Diphereline,)
in the mid-luteal phase of the previous cycle. Two weeks later, when
the serum E2 level was<50 pmol/L, the endometrial thickness was
<5 mm, serum FSH, LH were <5 IU/L, we use gonadotropin (Gn)
to controlled ovarian hyperstimulation (COH). Ovarian stimulation
achieved by administration of recombinant FSH (LIVON), initial dos-
age was 150-225 |U/day and FSH dosage in the light of the ovarian
response assessed by transvaginal ultrasonography and serum E2
measurements. When three or more follicles 216 mm in diameter

with a consistent rise in serum estradiol concentration, the patients
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were intramuscular injected human chorionic gonadotropin HCG
(LIVON) 10 thousand units. 34-36 hr after HCG injection, oocyte
aspiration was performed under vaginal ultra-sound guidance. If
sperm count of a male patient was <10 x 10° spermatozoa/ml and
the percentage of spermatozoa with forward motility <20%, ICSI
was performed using standard procedures. When the above param-
eter is more than such values, conventional IVF was carried out, fer-
tilisation process was evaluated after 4-6 hr of IVF by determining
the number of polar bodies. When fertilisation rate is less than 30%,

R-1CSI would be performed.

2.3 | Semen analysis

All subjects were asked to abstain from ejaculating for 2-7 days. Semen
samples were obtained by masturbation on the day of ovum retrieval in
aroom adjacent to the semen laboratory. The sample was naturally lig-
uefied in 37°C thermostatic water bath, and semen volume and lique-
faction time were recorded (complete liquefaction within 15 min, more
than 60 min is considered abnormality). Sperm concentration and mo-
tility were evaluated using the CASA (computer-assisted semen anal-
ysis operating system), in accordance with the WHO criteria (World
Health Organization, 2010). Liquefied samples were taken 2 ml and
centrifuged at 3,000 r/min for 10 min, and then, supernatant was col-
lected 1ml, divided into 2 tubes, storied at -80°C. Smears of the sam-
ples for morphology observation were air dried, fixed in 95% ethanol
and stained with the Papanicolaou method. Normal sperm morphol-
ogy was determined according to the sperm morphological analysis of
criteria of the 5th edition.

2.4 | Hormone analysis

Blood samples were drawn from an antecubital vein between 8a.m.
and 10a.m. and stored in separation gel tube. After standing for
half an hour at room temperature (22°C), serum was centrifuged at
3000r/min for 10 min. Serum and seminal AMH and INHB concentra-
tion were measured by ELISA sandwich technique (All reagents were
provided by Guangzhou Kangrun Biotechnology. Product batch num-
ber KR-INHB-001,2, KR-AMH-002,3). The reference value range of
AMH is 0.06-18 ng/ml and INHB is 10-1,500 pg/ml. The intra-assay
coefficient of variation (CV) among the three batch kits was 15%
(n = 10). Operate strictly in accordance with the product instructions.

2.5 | Feature selection

A least absolute shrinkage and selection operator (LASSO) regres-
sion model with 10-fold cross-validation was used in order to mini-
mise the risk of model overfitting. Optimisation of the 1 parameter
in the LASSO regression enables the coefficients of most features to
be reduced to zero, with any features exhibiting nonzero coefficients

being selected and retained for subsequent utilisation.
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2.6 | Nomogram construction

A nomogram was constructed and by generating risk scores for
each patient based upon a linear combination of selected features
and corresponding weighting coefficients from the LASSO analysis.
These factors were used to generate a multivariable logistic regres-
sion model and a corresponding nomogram.

Nomogram accuracy was evaluated using calibration plots and
assessments of discriminative ability. Area under curve of receiver
operating characteristic (ROC) curve (AUC) values were computed in
order to gauge nomogram discriminative capabilities. Model valida-
tion was conducted using the Hosmer-Lemeshow test. Furthermore,
the clinical value of this nomogram was assessed through a decision
curve analysis (DCA) approach wherein net benefits at different

threshold probabilities were calculated.

2.7 | Statistical analysis

All statistical tests were performed using R statistical software
(version 3.3.2; R Foundation for Statistical Computing, Vienna,
Austria). The ‘glmnet’ package was used for executing the LASSO
algorithm. For the baseline characteristic analyses, all statisti-
cal analyses were performed using Statistical Program for Social
Sciences (SPSS) version 17.0 for Windows (SPSS Inc, Chicago, IL).
All statistical tests were two-tailed, and p <.05 indicated a signifi-
cant difference.

3 | RESULTS

3.1 | Comparison of clinical features and
characteristics

The basic parameters are shown in Table 1. The average age of fe-
males in group of IVFS was 30.12 + 2.98 years, and group of ICSI was
30.47 + 3.54. No differences were found in the females mean age
(p = .508). Similarly, there are no significant differences were found
in the mean BMI of females (p = .184), mean age of males (p = .715)
and BMI of males (p = .656). In group of IVFS, 9.74 + 2.47 oocytes
were retrieved in one cycle. Of those, about 7.50 + 2.21 were at
metaphase Il. In group of R-ICSI, 9.41 + 2.26 oocytes were retrieved
in one cycle and MIl ovum number was 7.13 + 2.15. The patients
we included also did not show significant differences in these two
indicators (p = .416; p = .316).

3.2 | Comparison of semen characteristics and
hormone levels

As shown in Table 2, the fertilisation rate of IVF in R-ICSI group was
0.24 + 0.06, significantly lower the group of IVF group (0.62 + 0.12).

Seminal plasma AMH, INHB, serum INHB as well as total sperm
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count, sperm concentration and PMS are significant differences be-
tween groups. The other semen parameters, such as morphologi-
cally normal spermatozoa and sperm motility, were no significant

difference between two groups.

3.3 | Feature selection and parameters building

In order to identify key parameters associated with fertility rates
in this patient cohort, we employed a LASSO regression approach
that is well-suited to analysing large number of clinical variables
without the risk of overfitting. Risk scores were calculated for
each patient based upon a linear combination of identified rel-
evant factors and corresponding weighting coefficients. In total,
we analysed 13 potential fertilisation rate-related variables, of
which 6 were ultimately suggested to be predictors of fertilisa-
tion rates by our LASSO regression model. Cross-validated error
plots corresponding to this regression model were generated
(Figure 1a). Four variables were included in the most regular-
ised model that exhibited cross-validated error within a single

standard error of the minimum, and path coefficients from this
model with corresponding log-transformed A values were deter-
mined (Figure 1b).

3.4 | Development of an individualised
prediction model

The newly developed nomogram for predicting fertilisation rate
using sperm concentration, PMS, spAMH, spINHB, serAMH and ser-
INHB is demonstrated in Figure 2. Each point is first assigned by a
vertical extension (to top points bar) of each parameter. The total
point is obtained by adding scale for each variable. The total points
projected on the bottom scale indicates the probability of fertilisa-
tion rate. The nomogram indicates that the probability of fertilisation
rate increases with each variable. The equation of the nomogram is
as follows:

The probability of fertilisation rate = K/(1 + K).

K = exp(16.38009 + 0.03598xV1+0.38436xV2+0.01328xV3+

0.07493xV4+0.18145xV5+2.2623xV6).

TABLE 1 The comparison of the basic

Parameter IVF (x + s) (n = 102) R-ICSI(x + s) (n = 58) p parameters in group of IVF and R-ICS|
Females age (yr.) 30.12 + 2.98 30.47 + 3.54 0.508
Females BMI (kg/mz) 2198 +2.17 22.42 +1.66 0.184
Males age (yr.) 32.86 +4.83 33.14 +4.10 0.715
Males BMI (kg/mz) 23.31 + 1.67 23.19 + 1.49 0.656
Infertile years 3.24 +2.17 3.38 +1.70 0.665
MIl ovum number 7.50 +2.21 713 +2.15 0.316
Total oocytes retrieved 9.74 + 2.47 9.41 +2.26 0.416
Note: Data were expressed as mean +standard deviation (SD).
Abbreviations: BMI, body mass index.
IVF (x + ) R-ICSI (x + 5) TABLE‘2 The comparison of Serum
Parameter (n=102) (n=58) » and seminal plasma AMH, INHB and
semen parameters
Fertilisation rate of IVF (%) 0.62 +0.12 0.24 + 0.06 0.000?
Serum AMH (ng/ml) 10.49 + 3.97 291+ 256 0.000?
Seminal plasma AMH (ng/ ml) 243 +1.14 0.54 + 0.41 0.0007
Serum INHB (pg/ml) 141.28 + 33.72 111.75 + 29.81 0.000?
Seminal plasma INHB (pg/ml) 60.05 + 24.66 29.35+5.94 0.000?
Total sperm count (x10%/ml) 137.15 + 29.46 121.38 + 40.04 0.010?
Sperm concentration (><106/ml) 50.83 + 10.87 45.24 + 13.12 0.004%
Sperm motility (%) 53.07 +12.91 51.22 +8.63 0.281
PMS (%) 22.84 +4.40 16.55 + 3.35 0.000%
MNS (%) 5.28 + 1.08 517 £ 1.27 0.557

Note: Data were expressed as mean +standard deviation (SD).

Abbreviations: AMH, anti-Mdillerian hormone; INHB: inhibin B; MNS: morphologically normal
spermatozoa; PMS: progressively motile spermatozoa.

Significant difference between different groups.
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FIGURE 1 Radiomic feature selection using the least absolute
shrinkage and selection operator (LASSO) regression method.

(a) Selection of tuning parameters (l) in the LASSO model used
10-fold cross-validation via minimum criteria. The area under

the curve was plotted versus log (A). Dotted vertical lines were
drawn at the optimal values using the minimum criteria and the
1-standard error of the minimum criteria (the 1-standard error
criteria); (b) LASSO coefficient profiles of the radiomic features. A
vertical line was plotted at the optimal A value, which resulted in six
features with nonzero coefficients

3.5 | Validation of the nomogram

AUC analyses indicated that our model exhibited good discrimina-
tive potential, with an AUC of 0.762 (95%Cl: 62.4%-80.0%, p <.001;
Figure 3). Calibration curves for this nomogram exhibited good
consistency between predicted and observed probability values
(Figure 4), and no significant deviation was detected in Hosmer-
Lemeshow goodness-of-fit tests (p =.5251).

DCA is a novel method for evaluating alternative predictive
strategies, which has advantages over the ROC curve. The DCA
curve for the predictive nomogram is presented in Figure 5.
The DCA curve showed obvious net benefits of the predictive

nomogram.

v 50f9

ANDROLOGIagi4ie>
4 | DISCUSSION

Threshold values of sperm parameters for assisted procreation
are based mainly on the World Health Organization standard and
widely are used to discriminate between male fertility and sub-
fertility (Hershlag et al.,, 2002; Pisarska et al., 1999; Verheyen
et al., 1999). Unfortunately, no test can exclude the possibility of
fertilisation failure. Severe oligoasthenospermia is easy to diag-
nose and choose ICSI to complete fertilisation through evaluat-
ing sperm parameters. But for the sperms of specific patients are
between mild and moderate oligoasthenospermia, IVF is routinely
used in the clinic. Once the fertilisation rate of IVF is low, R-ICSI
is adopted again. After these steps, the fertilisation outcomes may
be poor, and fewer embryos will be available, especially for fe-
males who have obtained fewer eggs in this cycle. How to prevent
fertilisation failure and maximise the use of eggs in an IVF cycle
has always been the research priority in the field of assisted repro-
duction. R-ICSI is the main measure for this situation. Compared
with the conventional ICSI, the operation time of R-ICSI after
short-term fertilisation often has a 5-6 hr lag, and the time of oo-
cyte culture in vitro is significantly prolonged. Studies have shown
that after 5-6 hr most oocytes have tended to age, missing the
best period of fertilisation. At this time, oocytes can be fertilised
by R-ICSI, but it will affect functions of some cytokines or mRNA
that maintain embryo cleavage, which may have a negative impact
on embryo development potential (Grondahl et al., 2010; Leoni &
Bebbere, 2006; Sirard et al., 2006). So, it is necessary to seek bio-
markers for these patients with borderline semen, in order to pre-
dict sperm fertilisation ability and improve pregnancy outcomes.
In this study, we established and validated an intelligent and prac-
tical nomogram as a new approach to select the appreciate fertili-
sation method for the male patients with borderline semen. To our
knowledge, this is the first study to form a nomogram-illustrated
model to predict fertilisation rate. There were 13 candidate vari-
ables considered for the construction of the nomogram, which
were reduced to 6 potential predictors, including sperm concen-
tration, PMS, SerINHB, SpINHB, SerAMH and SpAMH, by the
LASSO regression method. This method not only surpasses the
method of choosing predictors on the basis of the strength of
their univariable association with outcome (Harre et al., 1988), but
also enables the panel of selected features to be combined into an
integrated factor. The fifth edition of the routine semen analysis
standard developed by WHO has been adopted by reproductive
centres around the world to assess semen quality before assisted
reproductive technology. In addition to these semen parameters,
in recent years, serum AMH and INHB have been gradually used
as parameters for assessing semen quality and male reproductive
function. Originally, some scholars have found that serum AMH
and INHB is associated with semen quality (Appasamy et al., 2007;
Goulis et al., 2008; Grunewald et al., 2013). Similar to our study,
serum AMH of patients with normal spermatozoa or mild asthe-
nospermia (IVF group) appears to be extremely higher than serum

AMH of patients with moderate oligozoospermia (R-ICSI group).
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FIGURE 3 Receiver operating characteristic (ROC) curve of the
nomogram. The area under the receiver operating characteristic
curve (AUC) of the nomogram was 0.762 (95%Cl: 62.4%-80.0%,

p <.001). The curved line is the ROC curve generated from the
proposed multivariable prediction model, and the diagonal line

is the reference line for random guessing

Besides, present study found that there were prominently dif-
ferences in serum INHB between two groups, which is similar to
Barbotin AL's result (Barbotin et al., 2015).

As an important factor regulating male hypothalamic-pituitary-
testicular gonadal axis, INHB specifically feedback regulates FSH,
which is a sensitive indicator of spermatogenesis and a direct and
effective endocrine marker for evaluating spermatogenesis. Its level
reflects the number of spermatogenic cells (Mitchell et al., 2011).
The study found that serum INHB has a high specificity in the iden-
tification of obstructive and nonobstructive azoospermia (Nagata
et al., 2005) and positively correlated with forward motor sperma-
tozoa and normal morphology sperm count (Barbotin et al., 2015),
which can be used as a good biomarker for the diagnosis of male
infertility (Manzoor et al., 2012). Additionally, AMH has both auto-

crine and paracrine properties through a direct effect via the AMH

FIGURE 4 Calibration curves of nomogram. The y-axis
represents the actual fertilisation rate. The x-axis represents the
predicted fertilisation rate. The diagonal dotted line indicates
perfect calibration based on an ideal model that would reflect the
outcomes perfectly. The solid line indicates the nomogram's actual
performance; a close alignment between the solid and dotted lines
indicates better estimation of the actual outcomes

type Il receptor and is therefore thought to be involved in sper-
matogenesis. AMH is closely related to the spermatogensis, but
the specific relationship is not completely clear. Some studies have
reported that there is a significant positive correlation between
seminal plasma AMH and sperm concentration, total sperm count
and sperm motility rate (Andersen et al., 2016), serum AMH level
and sperm concentration, total sperm count, sperm activity rate
and forward motor sperm rate are positively correlated (Long-Ping
et al., 2017). The latest research suggested seminal plasma AMH
level was positively correlate with the semen characteristics as well
as some other semen parameters such as intra-acrosomal enzymes
and anti-spermatozoal antibodies. Among them, progressive sperm
motility and sperm count has the strongest correlation (Andersen
et al., 2016; Topolcan et al., 2016). In our research, we found that

there were significant differences in seminal plasma AMH between
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FIGURE 5 Decision curve analysis (DCA) for the predictive
model. A horizontal blue line indicates that the fertilisation rate

of all samples is 0, with a net benefit of zero. An oblique black line
indicates the fertilisation rate of all patients is 1. The net benefit is
a backslash with a negative slope

two groups, and its variation tendency is the same as total sperm
count, progressively motile spermatozoa as well as seminal plasma
INHB. From here, we can draw a conclusion that serum and seminal
plasma AMH, and INHB can also be indicators like sperm count and
progressive sperm motility to determine the treatment protocols of
ART for patients with different degree of oligoasthenospermia.

The key value of a nomogram is linked to its ability to accurately
interpret a given individual's need for a particular form of medical
care. However, the ability-prediction performance, discrimination
and calibration, alone cannot properly gauge the clinical outcomes of
model miscalibration (Localio & Goodman, 2012; Karel et al., 2015;
Van Calster & Vickers, 2015). As such, to justify the clinical useful-
ness, we included 160 male patients with oligoasthenospermia in the
clinic and predict the fertilisation rate by the model. There were no
statistical differences between the verification results and the clin-
ical fertilisation rate, which means the model has certain credibility
in choosing fertilisation methods and can be used in clinical applica-
tion. But, the success of fertilisation also depends on the quality of
oocytes. Thus, abnormalities of spermatozoa and eggs may cause
low fertilisation rate and failure of fertilisation. The sample eggs
that used to establish the model of this study were all from healthy
young women of childbearing age, that is, the problem of fertilisa-
tion barrier caused by abnormal eggs was excluded. Therefore, this
model may not be suitable for predicting the fertilisation rate and
selecting fertilisation mode in vitro fertilisation for infertility female
patients with advanced age, ovary dysfunction and polycystic ovary
syndrome.

The accuracy and discrimination of the this nomogram have
been verified, but in conventional IVF, defective sperm-zona pellu-
cida binding and penetration are the most common causes of failure
of fertilisation in males with normal semen analysis and hormone
levels (Liu et al., 2004). Mahutte and Arici (Mahutte & Arici, 2003)

conducted a review of different screening tests. Their conclusion

ANDROLO G UII D

was that more sophisticated methods such as sperm-zona binding

ratios and zona pellucida-induced acrosome reaction tests may
improve the ability to predict fertilisation capacity. Liu et al. (Liu &
Baker, 2003) have found 13% of these patients had a low fertilisation
rate due to the abnormal sperm-zonal band binding, while 21% had
disordered zona pellucida-induced acrosome reaction because of
acrosome function defects. So, there are many other indicators that
can be used as predictors of sperm quality and fertilisation ability,
such as sperm DNA fragmentation index (DFI), phospholipase ¢ (PLC
¢), sperm acrosin, fructose concentrations and Neutral a-glucosidase
in seminal plasma (Chaudhury et al., 2005; Giwercman et al., 2003;
Khakpour et al., 2019). The activation of oocytes by spermatozoa
is one of the key steps in fertilisation. Studies have shown IVF and
ICSI failure is mostly caused by lack of oocyte activating factors in
spermatozoa, which cannot activate the oocytes normally (Yanagida
etal., 2006; Yeste et al., 2016). As an important sperm factor that ac-
tivates oocytes, PLC { is a key factor leading male infertility. Because
repeated changes in intracellular calcium (Ca2+) concentration are
the most effective activation signals for oocytes (Saleh et al., 2020),
besides, spermatozoa from men with proven oocyte activation ca-
pacity presented a significantly higher proportion of spermatozoa
exhibiting PLC-{ immunofluorescence compared with infertile sper-
matozoa from men resulted in recurrent ICSI failure (oocyte activa-
tion deficient(Kashir et al., 2013). Studies have also shown that the
expression level of PLC £ mRNA and protein in male patients with
round head spermatozoa is significantly lower than that of normal
males (Chanseldebordeaux et al., 2015). In patients with azoosper-
mia, PLC { is low expression or absence. The researchers found that
measurement of DFI provides a simple, informative and reliable
measure of sperm quality and can accurately predict male mouse
fertility (Li & Lloyd, 2020), and sperm DFI was negatively correlated
with sperm density, motility and normal morphological rate in in-
fertility patients (Varghese et al., 2009). Low levels of oxygen free
radicals adversely affect sperm activation, which in turn increases
the damage of sperm DNA (Agarwal et al., 2008). All of these studies
have been suggested that sperm DIF can be use as one of the key
indicators for evaluating fertilising capacity. In addition, for infertile
patients, sperm acrosome enzyme is a crucial basis and identification
method for judging sperm quality, combined with the conventional
parameters of semen, the sperm acrosin activity can be better eval-
uated sperm function and provide a basis for diagnosis and treat of
the disease (Cui et al., 2000; Langlois et al., 2005).

As the most basic indicators of male fertility, routine semen
parameters have the disadvantages of high volatility, strong sub-
jectivity and susceptibility to various factors. In clinical practice,
the semen of some patients is normal but still fails to fertilise, or it
is ineffective after corresponding treatment, suggesting that there
are limitations in the formulation of treatment plan relying solely
on routine semen parameters, and it is necessary to find other
parameters that can reflect sperm quality, establish new labora-
tory techniques to assess male fertility and predict the outcome
of ART. In recent years, research hotspots have focused on AMH

INHB, DFI, acrosome reaction, mitochondrial membrane potential,
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sperm membranes, neutral a-glucosidase and fructose concentra-
tions, which may become a key reference circle for the diagnosis
and treatment of male infertility. Based on these, we are planning
to combine the medical testing centre and molecular biology lab-
oratory to include other indicators and more patient samples to
establish a more accurate nomogram model for predicting fertil-
isation rate to choose personalised fertilisation method for male
patients with borderline semen.

5 | CONCLUSION

We establish an intelligent and practical model incorporating sperm
concentration, PMS, SerINHB, SpINHB, SerAMH and SpAMH that
could be conveniently used to predict fertilisation rate and a useful
tool to choose the optimal fertilisation method for infertile males

with borderline semen.
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