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ARTICLE INFO ABSTRACT
Keywords: Objective: To explore the roles of advanced paternal age (APA) and abnormal paternal weight on embryo quality
Advanced paternal age and pregnancy outcomes for unexplained recurrent pregnancy loss (uURPL) couples who underwent preimplan-
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tation genetic testing for aneuploidies (PGT-A).

Methods: This study included 779 uRPL couples who underwent their first PGT-A cycles between 2014 and 2018.
Male patients’ aging and nutritional status were quantified by paternal age and body mass index (BMI). Routine
semen parameters and sperm DNA fragmentation index (DFI) were used to reflect the seminal quality. Blastocyst
formation rate and aneuploidy rate were used to reflect the embryo quality. Cycle cancellation rate, implantation
rate, pregnancy loss rate, and live birth rate were measured to evaluate the treatment efficiency from IVF. To
remove the interference of maternal age, only the women younger than 38 years old were included. After uni-
variate screening, interaction tests were performed in a generalized linear model (GLM) to further examine the
effects of paternal age and BMI on each outcome indicator.

Results: In the total population (779 cycles), there were no statistical differences in aneuploidy rate, cycle
cancellation rate, implantation rate, pregnancy loss rate, and live birth rate, whether stratified by paternal age or
paternal BMI. Similar results occurred in the younger men (<40 y.o., 633 cycles). Conversely, among the men
with advanced age (>40 y.o., 146 cycles), there were statistical differences between the three BMI groups in four
semen parameters (total sperm number, total motility, progressive motility, and total motile sperm count), im-
plantation rate, and live birth rate. After interaction testing, the results of GLM suggested that the interaction
effect between APA and paternal obesity was associated with the low implantation rate of uRPL couples.
Conclusions: For the uRPL couples seeking for PGT-A treatment, if the male patients have both advanced age and
obesity, their spouses are at higher risks for embryo implantation failure.
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1. Introduction

Throughout the past three decades, couples in developed countries
have been delaying parenthood to ever-later ages. This trend has become
so pervasive that demographers proposed a term for it, ‘postponement
transition’,” and an analogous phenomenon has emerged in developing
Chinese society. As we focus on maternal factors, it also matters to attend
to the effects of paternal factors on the efficacy of in vitro fertilization
(IVF), the safety of peripartum, and the health of the progeny. The pro-
portion of couples planning to have children at advanced ages is
increasing in China in particular due to the ‘Two/Three-Child Policy’, but
the majority of these couples may not be aware of the increased risks of
infertility and adverse reproductive outcomes.

The effects of increased maternal age on reproductive capacity have
been widely studied. Advanced maternal age (AMA) has been shown to
negatively influence the quality of oocytes and final pregnancy outcomes,
while increasing the likelihood of aneuploid (hypohaploid or hyperhaploid)
in oocytes due to the dysfunction of spindle pole body (SPB) in cytoplasm.>>
However, ithas been shown that increased aneuploidy rate is also associated
with males over 40 years old, and that paternal causes have been hypoth-
esized to be responsible for up to 50% of subfertility cases, with 31.5% being
attributed solely to the male.” Paternal age may have a critical impact on
embryo aneuploidy rate, though likely not as pronounced an effect as
maternal age.” Among couples undergoing IVF using donor oocytes,
younger paternal age is associated with a higher incidence of live birth and a
lower incidence of spontaneous abortion.® Increasing paternal age has been
shown to decrease embryo quality. Because of the lack of a direct correlation
between male and female partner ages, it is likely that decreased embryo
quality is not solely caused by increased maternal age. Furthermore,
increasing paternal age may be associated with genetic disorders, such as
achondroplasia.” However, these conclusions are not universal and contrary
studies have been published.® One study showing limited association be-
tween paternal age and live births in cohort of donor cycles suggested that
paternal age is just a weak factor.” In addition, another study found that
when the oocyte donor was <36 years of age, the paternal age does not
affect reproductive outcomes, indicating that intracytoplasmic sperm in-
jection (ICSI) and oocyte quality can jointly overcome the lower repro-
ductive potential of semen from older men.'° Concurrently, in standard IVF
and ovum donation cycles, there is no clear association between embryo
quality and paternal age.!! Importantly, while paternal aging is associated
with a significant decline in total sperm count, this change does not appear
to affect fertilization and live birth rates in the oocyte donation model.'?
Though it has been well established that increasing maternal age adversely
affects IVF outcomes, the effects of paternal age are still controversial,
especially in population who have history of unexplained recurrent preg-
nancy loss (uURPL). Due to the disagreements among the current literatures,
we are eager elucidate effects of paternal age on embryo quality and preg-
nancy outcomes in a uRPL population that underwent PGT-A.

Abnormal weight, whether for males and females, not only contributes
to an increased risk of chronic diseases but also increases susceptibility to
reproductive complications. Aside from extremely underweight men
(specifically, the thinnest 1%) who themselves have increased risks of
infertility, the infertility rate in men increases with an elevated body mass
index (BMI).'® It has been demonstrated that an increased BMI is inversely
correlated with clinical pregnancy and live birth rates per assisted repro-
ductive technology (ART) treatment cycle.14 In addition, both under and
over paternal weights exhibit adverse effects on sperm count.'® Further-
more, a high paternal BMI increases the BMI of the offspring, suggesting an
adverse effect of increased paternal BMI on progeny health.'® Conversely,
some studies have found that semen quality was not affected by the BMI of
male partners in subfertile couples.'” It is worth noting that most over-
weight/obese men do not experience significant fertility problems, sug-
gesting the correlation between paternal BMI and fertility problems may be
weak.'® These contradictive conclusions create an obtuse situation and
provide no previous clarity as to whether the uRPL of obese men could
improve fecundity by weight control.
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The definition of RPL varies by country and society. Briefly, its eti-
ologies can be attributed to six aspects, including genetics, anatomy,
endocrinology, infections, immunes, and prothrombotic state (PTS).
Notably, there still are many causes of RPL that remain unknown. As
such, it is difficult to conclusively predict which ART is the best option to
achieve pregnancy, factoring in cost and invasiveness of the procedure,
for unexplained infertile patients having consistently normal semen
analysis results.'® Infertility affects up to 15% of couples at childbearing
age and exhibits adverse impacts on their life quality. The identification
of potentially modifiable risk factors may guide some patients to achieve
their reproductive goals more easily. To this end, using large-scale and
comprehensive information of couples seeking PGT-A treatment in our
center, we herein studied the associations between paternal age and BMI
on embryo quality and pregnancy outcomes to provide consultation
guidance for uRPL couples.

2. Material and methods
2.1. Study population

The first PGT-A cycles of 779 uRPL couples at the Center for Repro-
ductive Medicine, Shandong University from June 2014 to June 2018
were included in this retrospective study. Only the first embryo transfer
in each ovarian stimulation was included. Since the diagnosis of uRPL
was based on a set of checks covering all possible causes, couples who
were unable to determine the cause of pregnancy loss due to the absence
of necessary inspections were also excluded from this study. The flow
chart was shown in Fig. 1.

It is essential to eliminate the interferences of maternal factors in
andrology research, especially those that are closely related to study
outcomes—such as maternal age. Therefore, our study attempted to
separate age-related decline in the quality of oocytes and embryos by
only studying women younger than 38 years old. This age cut-off was
selected based on evidence from previous studies demonstrating that the
average rate of follicular exhaustion, cycle cancellation rate, and blas-
tocyst aneuploidy rate were all significantly increased in female popu-
lation after the age of 38.20°2

Ethics approval

This study was approved by the Ethics Committee of Reproductive
Medicine Center of Shandong University. Informed consent was obtained
from all participants.

2.2. Diagnostic criteria

There is still controversy over the definition of advanced paternal age
(APA).** In most previous studies, the APA cut-off ranged from 40 to 50
years old.?® Given the male subjects in previous studies were generally older
than 40, we chose 40 years as our age cut-off. The criteria of weight for male
subjects in this study was based on the health industry standard (WS/T
428-2013), issued by the Chinese Ministry of Health in 2013 (http://hbba.
sacinfo.org.cn/stdDetail/89b7c7f055ed8bc30al 38baca3132e2e).

The American Society for Reproductive Medicine (ASRM) and the
European Society of Human Reproduction and Embryology (ESHRE)
defined a diagnosis of RPL after the loss of two or more pregnancies.?®’
However, many couples did not receive necessary inspections or pro-
fessional medical guidance before trying to conceive naturally, we hence
defined RPL as the same couple suffering three or more consecutive
pregnancy losses before the 24th week of gestation in this study, which
was consistent with the experts' consensus published in the Chinese
Journal of Obstetrics and Gynecology in 2016 (http://rs.yiigle.com/re
source_static.jspx?contentld=865493).

Couples with the following conditions were excluded: Chromosomal
abnormalities (G-banding karyotype analysis), Monogenic disorders
(https://www.omim.org/statistics/entry), Antiphospholipid antibody

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq GzZ0z loquiada £T uo wodfwg woob//:sdny woiy papeojumoq "TZ0zZ Jaquiadad T Uo £00°0T T20Z Wo0b [/9TOT 0T Se paysiignd 1s. :aUIDIpajA [ed1ul]d SoLI8IsqO pue ABojodauls


http://hbba.sacinfo.org.cn/stdDetail/89b7c7f055ed8bc30a138baca3132e2e
http://hbba.sacinfo.org.cn/stdDetail/89b7c7f055ed8bc30a138baca3132e2e
http://rs.yiigle.com/resource_static.jspx?contentId=865493
http://rs.yiigle.com/resource_static.jspx?contentId=865493
http://rs.yiigle.com/resource_static.jspx?contentId=865493
https://www.omim.org/statistics/entry

)

Li et al

Couples with chromosomal abnormalities, monogenic
disorders, antiphospholipid antibody syndrome, systemic
lupus erythematosus, sjigren syndrome, recurrently negative
blocking antibody, hyperhomocysteinemia, congenital uterine

malformations, degree IV intrauterine adhesions,
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hyperprolactinemia, hyperthyroidism and positive thyroid
autoantibodies, diabetes were excluded
N=1,406

Female patients older than 38
"""""""""""" years were excluded
N=807
2185
v
| 779 I
Younger group (<40) dvanced age group (=40
N=633 N=146
N Y
BMI:18.5-24.9| | BMI:25.0-29.9 BMI:=30 BMI:18.5-24.9 | | BMI:25.0-29.9 BMI:=30
N=240 N=264 N=129 N=48 N=57 N=41

Fig. 1. Flow chart of the study populations.

syndrome (revised Sydney criteria in 2006°%), Systemic lupus erythe-
matosus (SLICC in 201 229), Sjogren syndrome (ACR/EULAR in 201630),
Recurrently negative blocking antibody after intervention, Hyper-
homocysteinemia (>15 pmol/L), Congenital uterine malformations
(bicornuate, didelphic, unicornuate, arcuate), Degree IV intrauterine
adhesions,®! Hyperprolactinemia (>25 ng/ml), Hyperthyroidism and
positive thyroid autoantibodies (ATA in 2016°?), Diabetes (ADA in
2012%%), Fig. 1.

2.3. Clinical route

The time interval from birth date to retrieval date of semen or oocytes
during this in vitro fertilization and embryo transfer (IVF-ET) cycle was
defined as the age of each couple. Each couple's height and weight were
measured on the day that they decided to start their first PGT-A cycle at our
center.

Semen samples were obtained aseptically into a plastic container by
masturbating from male patients with abstinence periods of 2-7 days in a
private room near the laboratory department. The detection of samples
was performed by experienced laboratorians. Semen volume was
measured by weighing. Sperm concentration, total sperm number (semen
volume x sperm concentration), total motility (progressive motility, PR
+ non-progressive motility, NR), and total motile sperm count (total
sperm number X total motility) were calculated and recorded by a cy-
tometer. Sperm DNA fragmentation index (DFI) was obtained by the
method of sperm chromatin structure assay (SCSA) using flow cytometry
analysis (BD FACSC alibur; DFI View Alphal0.01.388329.1(C) 2010).

Controlled ovarian hyperstimulation (COH) was performed as per
standard clinical procedure at our center. The protocols in detail had
been described in our previous reports.‘%’36 hCG at a dose of
4000-10000 IU was administered when at least two follicles grew to 18
mm in diameter; 34-36 h later, oocytes were retrieval using transvaginal

ultrasound-guided follicular aspiration. All oocytes were fertilized by
ICSI and the zygotes were cultured in vitro until the blastocyst stage (5-6
days). Blastocyst scoring was conducted according to morphological
standard.?” 4-20 trophoblast cells were drilled from high-quality blas-
tocysts (>BC) and then biopsied. While waiting for the PGT results, all
blastocysts were vitrified and cryopreserved. Additionally, for couples
with six or more high-quality blastocysts, a decision about the number of
biopsied embryos was made in advance, based on the economic ability
and willingness of this couple.

In total, 1521 euploid embryos were detected from the 2715 embryos
screened with array comparative genomic hybridization (array-CGH:
SurePlex whole genome amplification kit, fluorescent labeling system,
24sure microarray; Ilumina, San Diego, CA, USA; InnoScan 900,
Innopsys, FR; BlueFuse Multi software, BlueGnome) and next-generation
sequencing (NGS: Miseq, Illumina, San Diego, CA, USA). The diagnosis
was confirmed by four experienced genetic technicians. For the array-
CGH results, euploid embryos were defined as chromosome ratios
within a 0.3 + log2 ratio. Aneuploid embryos with a ratio greater than
+0.3 log2 ratio were categorized as trisomic, while those with a ratio less
than —0.3 log2 were classified as monosomic. For NGS results, gains
(partial or full) and losses (partial or full) were defined as a shift of the
dots above or below the copy number state of 2.7 or 1.3. Embryos were
diagnosed as aneuploid if the chromosomal copy number (CNV) mea-
sures deviated from the default copy number.>%>°

The cycle would be canceled if euploid embryos were not obtained
after all high-quality blastocysts were tested. At the second (or later)
menstrual cycle after the retrieval of oocytes, the endometrium was
prepared>®*® and only one blastocyst was selected for transfer according
to the geneticists’ advice. Clinicians decided whether to administer
endometrial scratching in the last menstrual cycle prior to this transfer
based on the failure ART history of this couple. Progesterone was used for
luteal phase support after the transfer. Biochemical pregnancy was
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defined as serum B-hCG >25mIU/ml; measured 2 weeks after the
transfer. Clinical pregnancy was defined as a gestational sac in utero and
was detected by ultrasonic scanning 35 days after the transfer. Success-
fully embryo implantation was confirmed by ultrasound scanning for
gestational sac with a fetal heartbeat after 6-9 weeks of pregnancy. Live
birth was defined as the delivery of a viable infant after 28 weeks or more
of gestation post-transplant.

The following ratios were used in this study: DFI>30% (men with
DFI>30%/men underwent DFI test), blastocyst formation rate (usable
blastocyst/2 PN), blastocyst aneuploidy rate (aneuploidy/total biopsied),
cycle cancelation rate (cycle without transplantable embryo/cycle with
COH), implantation rate (fetal heartbeat/euploid embryo transfer),
pregnancy loss rate (biochemical and clinical loss/positive 3-hCG), and
live birth rate (live birth/euploid embryo transfer).

2.4. Statistic approach

Normality was examined for continuous variables via the
Kolmogorov-Smirnov test. Data were presented as mean =+ standard de-
viation (SD) for variables normally distributed, and median (interquartile
range, IQR) for those not normally distributed. Categorical variables
were presented as the percentage (no./total no.). Groups of three were
compared using the analysis of variance (ANOVA) or Kruskal-Wallis H-
test for continuous variables and the Chi-square test or Fisher's exact test
for categorical variables. According to the Bonferroni correction level
(level of significance=0.0167), pairwise comparisons were conducted
within groups. A generalized linear model (GLM, type: logistic regres-
sion) was established to assess the interactions between the two evalu-
ating variables on embryo quality or pregnancy outcomes after adjusting
for confounding variables (men with DFI>30%, maternal age, maternal
BMI, times of previous miscarriages, maternal FSH; maternal AMH;
maternal AFC; women with PCOS, protocols of endometrial preparation,
serum E2 of transformation day, the endometrium thickness of transfer
day, history of endometrium scratching). Adjusted odds ratios (aORs)
and 95% confidence intervals (CIs) were obtained and the P-value of
<0.05 was considered statistically significant. SPSS 25.0 (Chicago, IL,
USA) and Graphpad Prism 8.1 (Graphpad Software, San Diego, CA, USA)
were used to achieve all the above.

3. Results

When the total population (779 cycles) was stratified by paternal age,
there were no statistical differences between the younger and advanced
age groups in the indicators of embryo quality and pregnancy outcomes,
except for blastocyst formation rate (younger age vs advanced age: 58.1%

99.0%

90.0%

P=0.043

70.0% : P=0.254

a
e
o
X
1

30.0%

Percentage (%)

10.0%+
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vs 54.6%, P=0.043), Fig. 2. When the total population was stratified by
paternal BMI, there were no statistical differences among three BMI groups
in the indicators of embryo quality and pregnancy outcomes, except for
pregnancy loss rate (P=0.047), Fig. 3. After pairwise comparisons, the
pregnancy loss rate in the obese group was higher than that in the normal
and overweight groups (obese vs normal: 63.89% vs 49.70%, P=0.021;
obese vs overweight: 63.89% vs 50.88%, P=0.033), though these differ-
ences were not significant at Bonferroni's correction test level, Fig. 3.

To further investigate the roles of APA and abnormal paternal weight
in uRPL, male patients were divided into two groups: younger age (<40
y.0., 633 cycles) and advanced age (>40 y.o., 146 cycles), and three BMI
groups: normal (18.5-24.9 kg/m?, 288 cycles), overweight (25-29.9 kg/
m2, 321 cycles), obese (>30 kg/mz, 170 cycles). The baseline data of
their female spouses were presented in Supplement Table 1. see website
(https://www.sciencedirect.com/science/article/pii/S2667164
621000506).

In the younger population, the male patients in normal weight group
were younger (31.4 + 4.0 vs 32.3 £+ 3.9, P=0.007) than those in over-
weight group. The proportion of male patients whose DFI >30% in obese
group was higher than that in normal weight group (41.0% vs 17.3%,
P=0.005). For the semen parameters, there had statistical differences
between three BMI groups in semen volume (P=0.043) and progressive
motility (P=0.036). Pairwise comparisons showed statistically signifi-
cant difference in progressive motility (37.1 vs 39.5, P=0.012) between
the normal and over weight groups. Besides, no statistically significant
differences were found in embryo and outcome indicators (blastocyst
formation rate, aneuploidy rate, cycle cancellation rate, implantation
rate, pregnancy loss rate, live birth rate), Table 1.

Within the population with advanced age, there had statistically
significant differences between the three BMI groups in total sperm
number (P<0.001), total motility (P=0.010), progressive motility
(P=0.021), and total motile sperm count (P<0.001). After pairwise
comparisons, there were substantial differences between the obese group
and the normal weight group in all the above semen parameters. The
blastocyst formation rate (P=0.509), aneuploidy rate (P=0.434), cycle
cancellation rate (P=0.261), and pregnancy loss rate (P=0.094) did not
differ statistically among three BMI groups. However, the differences in
implantation rate (P=0.001) and live birth rate (P=0.047) were statis-
tically significant. Between-group comparisons showed that the implan-
tation rate in obese group was significantly lower than that in normal and
over weight group (obese vs normal: 46.4% vs 86.8%, P <0.001; obese vs
overweight: 46.4% vs 78.4%, P=0.008), Table 1, Fig. 3.

The results of the GLM revealed the interactions between paternal age
and paternal BMI on embryo implantation status. After stratifying by
paternal age, for every one-unit increase in BMI in older men, the risks of

B <40 years
= =40 years

P=0.614

1 1
P=0.304
(T P=0.957

e

——

1.0%- r
Blastulation rate

| 1
Aneuploidy rate Cycle cancelation rate Implantation rate Pregnancy loss rate

T
Live birth rate

Fig. 2. The main cycle indicators when the total population was stratified by paternal age. As shown above, there is no statistically significant difference in the other

five ratios except blastocyst formation rate.
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Fig. 3. Ratios of blastocyst formation, aneuploidy, cycle cancellation, embryo implantation, pregnancy loss, and live birth among the total population, younger men,
and men with advanced age. Only pairwise comparisons of implantation rate in advanced age group showed statistical differences, according to Bonferroni

correction level.

implantation failure increased by 12.6% for their spouses (aOR=1.126,
95%CI=1.016-4.097, P=0.039), Table 2. As stratified by paternal BMI, if
obese men were also older than 40, implantation failure risks of their
spouses were 1.143 times greater than that of counterparts (aOR= 1.143,
95%CI= 1.091-2.197, P= 0.024), Table 3.

4. Discussion

By analyzing the large-scale dataset of a uRPL population undergoing
the first PGT-A in our center, we demonstrated that male patients pos-
sessing both advanced age and obesity had a low implantation rate than
those younger and normal-weight males, while neither paternal age nor
paternal BMI has significant effects on embryo quality and pregnancy
outcomes. We inferred that the adverse paternal effects on pregnancy
outcome are more substantial when two or more paternal reproductive
risk factors are coincident.

The unique situations around uRPL make our study population differ
from those in oocyte donation cycle studies, a which model can better
eliminate the interferences of maternal factors. Interestingly, in our study
there were no statistically significant differences in blastocyst aneuploidy
rate among three BMI groups at two age layers, highlighting that the
maternal effects play more important roles in the formation of aneuploidies.
There are two likely reasons for this phenomenon. First, only women under
38 years old were included in our study. It is probable that youthful oocytes
benefit pregnancy outcomes and may even reverse the adverse effects of
imperfect sperm. Second, all oocytes were inseminated by ICSI, clearing

201

physiological hurdles which may be the main obstacles for older sperm.
During natural conception or routine IVF, oxidative damage to the sperm
membrane will normally block fertilization, preventing the damaged
paternal DNA from creating an embryo. However, during ICSI-PGT this
natural barrier to fertilization is lost and sperm containing significantly
damaged DNA can still achieve fertilization following microinjection. While
many of these embryos will ultimately fail at the blastocyst or early fetal
stage, there is the potential for a child to be born with damaged paternal
derived DNA. The consequences of which are yet unknown.*!

Broadly speaking, our conclusions are most applicable to uRPL pop-
ulation undergoing PGT and highlight several paternal factors warrant-
ing consideration that may lead to repeated miscarriages or poor
blastocyst development, such as abnormality of karyotype or DFI>30%.
Semen parameters are often utilized as indicators for paternal fertility
evaluation in the clinic, but these superficial morphological tests are
imperfect to elucidate the true quality of sperm. While DFI can provide
physicians with information about sperms' chromatin integrity on the
molecular level of large fragments, some special male patients with a DFI
greater than 30 still experience miscarriages after treatment. Excepting
both the older stratification or younger stratification, there were no
statistical differences in pregnancy loss rate and live birth rate among
three BMI groups; although, there had the implantation rate. These re-
sults indicate that the adverse paternal factors may be more likely to
affect early pregnancy via involvement in embryogenesis and that as the
number of gestational weeks increase, the maternal factors increase in
dominance over determining final pregnancy outcomes.
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Table 1
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The demographic characteristics and cycle indicators of male patients stratified by BMI at two ages.

BMI category

Age, years Normal (18.5-24.9) Overweight (25.0-29.9) Obese (>30) P value P 1vs2 P 1ys3 P ous3
<40 No. 240 264 129 ——
Age(years) 31.4 + 4.0 32.3+3.9 324+ 3.5 0.003" 0.007 NS NS
BMI (kg/m?) 22.8(3.1) 27.2(2.3) 31.9(3.3) <0.001° <0.001 <0.001 <0.001
DFI>30% (%) 17.3(14/81) 29.2(21/72) 41.0(16/39) 0.018° NS 0.005 NS
Semen volume(ml) 3.8(1.6) 3.7(1.9) 3.2(1.6) 0.043" NS NS NS
Sperm concentration(x106/ml) 40.5(45.1) 44.5(50.0) 38.3(35.1) 0.176"
Total sperm number (x 106) 152.4(170.9) 168.11(184.7) 134.55(143.6) 0.138"
Total motility (PR + NP, %) 51.8(31.9) 51.1(33.8) 50.3(26.4) 0.225°
Progressive motility (PR, %) 37.1(28.1) 39.5(25.2) 38.3(25.8) 0.036" 0.012 NS NS
Total motile sperm count (x10®) 67.8(116.0) 73.5(125.1) 72.8(110.3) 0.146"
No. oocytes obtained 11(9) 9(8) 9(9) 0.437°
Blastocyst formation rate (%) 58.9(1185/2013) 58.3(1280/2195) 56.3(626/1112) 0.365¢
Blastocyst aneuploidy rate (%) 42.5(374/879) 43.6(406/931) 45.1(193/428) 0.680°
Cycle cancelation rate” (%) 34.2(82/240) 36.0(95/264) 27.9(36/129) 0.275¢
Implantation rate (%) 67.9(106/156%) 69.6(117/168") 75.6(68/90%) 0.441°¢
Pregnancy loss rate (%) 51.2(66/129) 47.4(65/137) 62.2(51/82) 0.101¢
Live birth rate (%) 40.4(63/156) 42.9(72/168) 34.4(31/90) 0.420°
>40 No. 48 57 41 —_—
Age(years) 424+ 35 425+ 2.8 425+ 3.3 0.831°
BMI (kg/mz) 23.4(1.8) 27.2(2.4) 32.4(1.2) <0.001° <0.001 <0.001 <0.001
DFI>30% (%) 54.5(6/11) 52.6(10/19) 61.5(8/13) 0.925¢
Semen volume(ml) 3.4(1.8) 3.3(2.2) 2.7(1.4) 0.097°
Sperm concentration(x106/ml) 40.0(40.0) 44.8(38.0) 45.8(45.4) 0.726"
Total sperm number (x 106) 162.7(128.9) 147.1(145.0) 128.2(166.2) <0.001° NS <0.001 <0.001
Total motility (PR + NP, %) 46.7(36.3) 43.1(24.2) 39.5(21.0) 0.010° NS <0.001 0.016
Progressive motility (PR, %) 43.8(36.6) 38.7(23.9) 34.3(17.8) 0.021° NS 0.013 NS
Total motile sperm count (x10°) 64.2(137.5) 62.5(83.6) 49.3(62.2) <0.001° 0.011 <0.001 <0.001
No. oocytes obtained 9(8) 9(6) 8(4) 0.267°
Blastocyst formation rate (%) 54.1(173/320) 56.5(230/407) 51.8(116/224) 0.509°
Blastocyst aneuploidy rate (%) 48.4(78/161) 43.0(89/207) 49.5(54/109) 0.434°
Cycle cancelation rate” (%) 20.8(10/48) 35.1(20/57) 31.7(13/41) 0.261¢
Implantation rate (%) 86.8(33/38) 78.4(29/37) 46.4(13/28) 0.001°¢ NS <0.001 0.008
Pregnancy loss rate (%) 44.7(17/38) 64.7(22/34) 69.2(18/26) 0.094°
Live birth rate (%) 55.3(21/38) 32.4(12/37) 28.6(8/28) 0.047¢ NS NS NS

Data are shown as median (IQR), mean =+ SD and (%) (no./total no.).

# Analysis of Variance (ANOVA).
b Kruskal-Wallis test.

¢ Chi-Square Goodness-of-Fit Test.
4 Fisher's Exact Test.

¢ One ectopic pregnancy and one mosaic embryo transfer not included.
f One break the cycle for economic reason not included.

& Three mosaic embryo transfer not included.
" Transplantable euploid embryos were not obtained.

Table 2
Interaction test between implantation status and paternal BMI following paternal
age stratification.

Table 3
Interaction test between implantation status and paternal age following paternal
BMI stratification.

9 .
20R o Prvalue aOR 95% CI P-value
Age: <40 BMI: >30 0.873 0.767-1.269 0.123 BMI: >30 Age:>40 1143 10912197 0.024°
BMI: 25.0-29.9 0.996 0.946-1.593 0.275 Age: <40 N B -
BMI: 18.5-24.9 - - - g
BMI: 25.0-29.9 Age:>40 0.839 0.703-1.414 0.213
Age:>40 BMI: >30 1.126 1.016-4.097 0.039* Ag:'_<40 C ” -
BMI: 25.0-29.9 1014 0.904-2.201 0.103 BMI: 18.5-24.9 Age:>40 0.537 0.401-1.137 0.311
BMI: 18.5-24.9 - - -
Age: <40 - - _

* Statistically significant.

Adjusted for the men with DFI>30%, maternal age, maternal BMI, times of
previous miscarriages, maternal FSH; maternal AMH; maternal AFC; women with
PCOS, protocols of endometrial preparation, serum E2 of transformation day, the
endometrium thickness of transfer day, history of endometrium scratching.
Embryo transfer success is the reference group.

It has been well documented that women who transfer euploid embryos
tend to have better pregnancy outcomes and lower pregnancy loss rates.
However, the pregnancy loss rate of women in our study who received
euploid embryos was still as high as ~50%. Several possible reasons are as
follows: First, these women had suffered three or more spontaneous mis-
carriages before starting this PGT cycle, either medicinal or curettage, and

202

* Statistically significant.

Adjusted for the men with DFI>30%, maternal age, maternal BMI, times of
previous miscarriages, maternal FSH; maternal AMH; maternal AFC; women with
PCOS, protocols of endometrial preparation, serum E2 of transformation day, the
endometrium thickness of transfer day, history of endometrium scratching.
Embryo transfer success is the reference group.

these previous experiences are potentially damaging to their uteri. Times of
previous miscarriages have been confirmed as a predictive variable for the
next gestation. Second, we ought to differentiate between RPL population
with known causes and the uRPL population. For RPL population, PGT is an
appropriate and necessary remedy to infertility, while for uRPL population,
PGT is a desperate attempt to eliminate the embryo factors as much as
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possible. This distinction is consistent with previous evaluations of PGT.*?
Lastly, because the RPL causes of these couples were not confirmed, con-
founding interferences—unknown to us—might be other drivers of the
elevated pregnancy loss rate.

Obesity has been shown to not only causes male endocrine disorders
by affecting the hypothalamus-pituitary-gonadal axis but also increases
the levels of cytokines from white adipose tissues in serum, testicular
tissues, and spermatic plasma. Concurrently, Male obesity is associated
with male subfertility, impaired sex hormones, reduced sperm counts,
increased oxidative sperm DNA damage, and alterations to the epigenetic
status of sperm. It is notable that the adverse effects of paternal obesity on
pregnancy outcomes do not appear significant in younger men in our
study. Such a result highlights that the poor implantation associated with
the advanced age male population is likely not solely attributable to
obesity, but aging or other age-related cofactors as well. Some of the
more microscopic epigenetic changes brought by obesity and advanced
age may be undetectable and thus unintentionally ignored. This hy-
pothesis is supported by our results that the blastocyst formation rate was
lower in the advanced age group than the younger group (P=0.043), but
there was no significant difference in blastocyst aneuploidy rate. These
changes will gradually manifest later in the process of embryo implan-
tation, cell reprogramming, and the development of progeny.

This is a study of a large sample size of uRPL patients, and the strict
inclusion criteria ensured the strong heterogeneity of our study population.
Also, we excluded the interference from AMA, high DFI, and aneuploidy.
GLM was used to correct the data and test the interactions, assuring the
accuracy and reliability of our conclusions. A shortcoming of our study is the
usage of BMI. Although BMI is a widely used indicator for overweight and
obesity,*® it cannot reflect individual differences in body composition.
Further study investigating the relationship between body fat percentage
and infertility is required. Moreover, mosaicism might be missed, due to the
technical limitation of array-CGH. Furthermore, the euploid was defined to
be any multiple of the haploid chromosome number (n=23) and therefore is
not always normal (diploid). It is worth noting that some abnormal euploid
embryos (e.g. 3n=69, 4n=92) may not be differentiated from normal
diploid embryos (2n=46). Our results are limited to reproductive outcomes
of PGT-A treatment and cannot be extended to guide couples on potential
risks for born children. In the future, research is needed to see if weight
control improves fertility for overweight and obese men.

Authors’ roles

J.Y. conceived and designed the study. S.L. conducted data collection,
analyzed, and wrote the manuscript. Y. S. revised the paper. All authors
were involved in interpreting the data and approved the final version.
Consent for publication

All authors have consented for the publication of the article.

Funding

This study was supported by the National Key Research and Devel-
opment Program of China (2018YFC1002804).

Disclosure summary

The authors have nothing to disclose.
Conflict of interest

None declared.
Acknowledgements

We thank Jingfu Yang for his invaluable help during data collection.

Gynecology and Obstetrics Clinical Medicine 1 (2021) 197-204

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

. Billari FC, Kohler HP. Patterns of low and lowest-low fertility in Europe. Popul Stud.

2004;58(2):161-176. https://doi.org/10.1080/0032472042000213695.

. Frydman N, Selva J, Bergere M, et al. Cryopreserved immature mouse oocytes: a

chromosomal and spindle study. J Assist Reprod Genet. 1997;14(10):617-623.
https://doi.org/10.1023/a:1022593004528.

. Swain JE, Ding J, Wu J, et al. Regulation of spindle and chromatin dynamics during

early and late stages of oocyte maturation by aurora kinases. Mol Hum Reprod. 2008;
14(5):291-299. https://doi.org/10.1093/molehr/gan015.

. Agarwal A, Mulgund A, Hamada A, et al. A unique view on male infertility around

the globe. Reprod Biol Endocrinol. 2015;13:37. https://doi.org/10.1186/512958-015-
0032-1.

. Bronet F. Male age also matters: impact on embryo aneuploidy rate. Fertil Steril. 2018;

110(4):e108. https://doi.org/10.1016/j.fertnstert.2018.07.328.

. Dodge LE, Seidler E, Hacker MR, et al. Male partner age impacts donor oocyte

outcomes. Fertil Steril. 2018;110(4), e211. https://doi.org/10.1016/
j.fertnstert.2018.07.610.

. Spaine DM, Victorino AB, Stevanato J, et al. Effect of male age on embryo quality.

Fertil Steril. 2008;90:5460-S461. https://doi.org/10.1016/j.fertnstert.2008.07.413.

. Low SY, Lee CSS, Lim MW, et al. Paternal age does not influence euploidy in

blastocysts. Reprod Biomed Online. 2019;38:e38. https://doi.org/10.1016/
j.rbmo.2019.03.063.

. Whitcomb BW, Turzanski-Fortner R, Richter KS, et al. Contribution of male age to

outcomes in assisted reproductive technologies. Fertil Steril. 2011;95(1):147-151.
https://doi.org/10.1016/j.fertnstert.2010.06.039.

Begueria R, Garcia D, Obradors A, et al. Paternal age and assisted reproductive
outcomes in ICSI donor oocytes: is there an effect of older fathers? Hum Reprod.
2014;29(10):2114-2122. https://doi.org/10.1093/humrep/deul89.

Bellver J, Garrido N, Remohi J, et al. Influence of paternal age on assisted
reproduction outcome. Reprod Biomed Online. 2008;17(5):595-604. https://doi.org/
10.1016/51472-6483(10)60305-7.

Paulson RJ, Milligan RC, Sokol RZ. The lack of influence of age on male fertility. Am
J Obstet Gynecol. 2001;184(5):818-822. https://doi.org/10.1067/
mob.2001.113852. discussion 822-824.

Nguyen RHN, Wilcox AJ, Skjaerven R, et al. Men's body mass index and infertility.
Hum Reprod. 2007;22(9):2488-2493. https://doi.org/10.1093/humrep/dem139.
Mushtaq R, Pundir J, Achilli C, et al. Effect of male body mass index on assisted
reproduction treatment outcome: an updated systematic review and meta-analysis.
Reprod Biomed Online. 2018;36(4):459-471. https://doi.org/10.1016/
j.rbmo.2018.01.002.

Sermondade N, Faure C, Fezeu L, et al. BMI in relation to sperm count: an updated
systematic review and collaborative meta-analysis. Hum Reprod Update. 2013;19(3):
221-231. https://doi.org/10.1093/humupd/dms050.

Oldereid NB, Wennerholm U-B, Pinborg A, et al. The effect of paternal factors on
perinatal and paediatric outcomes: a systematic review and meta-analysis. Hum
Reprod Update. 2018;24(3):320-389. https://doi.org/10.1093/humupd/dmy005.
Duits FH, van Wely M, van der Veen F, et al. Healthy overweight male partners of
subfertile couples should not worry about their semen quality. Fertil Steril. 2010;
94(4):1356-1359. https://doi.org/10.1016/j.fertnstert.2009.05.075.

Teerds KJ, de Rooij DG, Keijer J. Functional relationship between obesity and male
reproduction: from humans to animal models. Hum Reprod Update. 2011;17(5):
667-683. https://doi.org/10.1093/humupd/dmr017.

Ye H, Huang G, Gao Y, et al. Relationship between human sperm-hyaluronan binding
assay and fertilization rate in conventional in vitro fertilization. Hum Reprod. 2006;
21(6):1545-1550. https://doi.org/10.1093/humrep/del008.

Faddy MJ, Gosden RG, Gougeon A, et al. Accelerated disappearance of ovarian
follicles in mid-life: implications for forecasting menopause. Hum Reprod. 1992;
7(10):1342-1346. https://doi.org/10.1093/oxfordjournals.humrep.a137570.

Faddy MJ, Gosden RG. A mathematical model of follicle dynamics in the human
ovary. Hum Reprod. 1995;10(4):770-775. https://doi.org/10.1093/
oxfordjournals.humrep.al136036.

Thomas MR, Sparks AE, Ryan GL, et al. Clinical predictors of human blastocyst
formation and pregnancy after extended embryo culture and transfer. Fertil Steril.
2010;94(2):543-548. https://doi.org/10.1016/j.fertnstert.2009.03.051.

Franasiak JM, Forman EJ, Hong KH, et al. The nature of aneuploidy with increasing
age of the female partner: a review of 15,169 consecutive trophectoderm biopsies
evaluated with comprehensive chromosomal screening. Fertil Steril. 2014;101(3):
656-663. https://doi.org/10.1016/j.fertnstert.2013.11.004. el.

Couture V, Delisle S, Mercier A, et al. The other face of advanced paternal age: a
scoping review of its terminological, social, public health, psychological, ethical and
regulatory aspects. Hum Reprod Update. 2021;27(2):305-323. https://doi.org/
10.1093/humupd/dmaa046.

Ramasamy R, Chiba K, Butler P, et al. Male biological clock: a critical analysis of
advanced paternal age. Fertil Steril. 2015;103(6):1402-1406. https://doi.org/
10.1016/j.fertnstert.2015.03.011.

Practice Committee of the American Society for Reproductive Medicine. Electronic
address: asrm@asrm.org. Definitions of infertility and recurrent pregnancy loss: a
committee opinion. Fertil Steril. 2020;113(3):533-535. https://doi.org/10.1016/
j.fertnstert.2019.11.025.

Bender Atik R, Christiansen OB, Elson J, et al. ESHRE guideline: recurrent pregnancy
loss. Hum Reprod Open. 2018;2018(2), hoy004. https://doi.org/10.1093/hropen/
hoy004.

Miyakis S, Lockshin MD, Atsumi T, et al. International consensus statement on an
update of the classification criteria for definite antiphospholipid syndrome (APS).

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq GzZ0z loquiada £T uo wodfwg woob//:sdny woiy papeojumoq "TZ0zZ Jaquiadad T Uo £00°0T T20Z Wo0b [/9TOT 0T Se paysiignd 1s. :aUIDIpajA [ed1ul]d SoLI8IsqO pue ABojodauls


https://doi.org/10.1080/0032472042000213695
https://doi.org/10.1023/a:1022593004528
https://doi.org/10.1093/molehr/gan015
https://doi.org/10.1186/s12958-015-0032-1
https://doi.org/10.1186/s12958-015-0032-1
https://doi.org/10.1016/j.fertnstert.2018.07.328
https://doi.org/10.1016/j.fertnstert.2018.07.610
https://doi.org/10.1016/j.fertnstert.2018.07.610
https://doi.org/10.1016/j.fertnstert.2008.07.413
https://doi.org/10.1016/j.rbmo.2019.03.063
https://doi.org/10.1016/j.rbmo.2019.03.063
https://doi.org/10.1016/j.fertnstert.2010.06.039
https://doi.org/10.1093/humrep/deu189
https://doi.org/10.1016/s1472-6483(10)60305-7
https://doi.org/10.1016/s1472-6483(10)60305-7
https://doi.org/10.1067/mob.2001.113852
https://doi.org/10.1067/mob.2001.113852
https://doi.org/10.1093/humrep/dem139
https://doi.org/10.1016/j.rbmo.2018.01.002
https://doi.org/10.1016/j.rbmo.2018.01.002
https://doi.org/10.1093/humupd/dms050
https://doi.org/10.1093/humupd/dmy005
https://doi.org/10.1016/j.fertnstert.2009.05.075
https://doi.org/10.1093/humupd/dmr017
https://doi.org/10.1093/humrep/del008
https://doi.org/10.1093/oxfordjournals.humrep.a137570
https://doi.org/10.1093/oxfordjournals.humrep.a136036
https://doi.org/10.1093/oxfordjournals.humrep.a136036
https://doi.org/10.1016/j.fertnstert.2009.03.051
https://doi.org/10.1016/j.fertnstert.2013.11.004
https://doi.org/10.1093/humupd/dmaa046
https://doi.org/10.1093/humupd/dmaa046
https://doi.org/10.1016/j.fertnstert.2015.03.011
https://doi.org/10.1016/j.fertnstert.2015.03.011
https://doi.org/10.1016/j.fertnstert.2019.11.025
https://doi.org/10.1016/j.fertnstert.2019.11.025
https://doi.org/10.1093/hropen/hoy004
https://doi.org/10.1093/hropen/hoy004

S. Lietal

29.

30.

31.

32.

33.

34.

35.

J Thromb Haemostasis. 2006;4(2):295-306. https://doi.org/10.1111/j.1538-
7836.2006.01753.x.

Petri M, Orbai A-M, Alarcén GS, et al. Derivation and validation of the Systemic
Lupus International Collaborating Clinics classification criteria for systemic lupus
erythematosus. Arthritis Rheum. 2012;64(8):2677-2686. https://doi.org/10.1002/
art.34473.

American college of rheumatology/European league against rheumatism
classification criteria for primary sjogren’s syndrome | annals of the rheumatic
diseases. Accessed September 30, 2021 https://ard.bmj.com/content/76,/1/9.long;
2016.

Wamsteker K, Block S. Diagnostic hysteroscopy: technique and documentation.
Endoscopic Surgery for gynecologists. Published online. 1998:511-524.

Ross DS, Burch HB, Cooper DS, et al. American thyroid association guidelines for
diagnosis and management of hyperthyroidism and other causes of thyrotoxicosis.
Thyroid. 2016;26(10):1343-1421. https://doi.org/10.1089/thy.2016.0229, 2016.
American Diabetes Association. Standards of medical care in diabetes—2010. Diabetes
Care. 2010;33(Suppl 1):S11-S61. https://doi.org/10.2337/dc10-S011.

Qin Y, Zhao Z, Sun M, et al. Association of basal serum testosterone levels with
ovarian response and in vitro fertilization outcome. Reprod Biol Endocrinol. 2011;
9(1):9. https://doi.org/10.1186/1477-7827-9-9.

Chen Z-J, Shi Y, Sun Y, et al. Fresh versus frozen embryos for infertility in the
polycystic ovary syndrome. N Engl J Med. 2016;375(6):523-533. https://doi.org/
10.1056/NEJMoal1513873.

204

36.

37.

38.

39.

40.

41.

42.

43.

Gynecology and Obstetrics Clinical Medicine 1 (2021) 197-204

Shi Y, Sun Y, Hao C, et al. Transfer of fresh versus frozen embryos in ovulatory
women. N Engl J Med. 2018;378(2):126-136. https://doi.org/10.1056/
NEJMoal705334.

Gardner DK, Lane M, Stevens J, et al. Blastocyst score affects implantation and
pregnancy outcome: towards a single blastocyst transfer. Fertil Steril. 2000;73(6):
1155-1158. https://doi.org/10.1016/s0015-0282(00)00518-5.

Fiorentino F, Bono S, Biricik A, et al. Application of next-generation sequencing
technology for comprehensive aneuploidy screening of blastocysts in clinical
preimplantation genetic screening cycles. Hum Reprod. 2014;29(12):2802-2813.
https://doi.org/10.1093/humrep/deu277.

ESHRE PGT Consortium Steering Committee, Carvalho F, Coonen E, et al. ESHRE
PGT Consortium good practice recommendations for the organisation of PGT, 2020
Hum Reprod Open. 2020;(3). https://doi.org/10.1093/hropen/hoaa021. hoaa021.
Wei D, Liu J-Y, Sun Y, et al. Frozen versus fresh single blastocyst transfer in ovulatory
women: a multicentre, randomised controlled trial. Lancet. 2019;393(10178):
1310-1318. https://doi.org/10.1016/5S0140-6736(18)32843-5.

Tremellen K. Oxidative stress and male infertility—a clinical perspective. Hum Reprod
Update. 2008;14(3):243-258. https://doi.org/10.1093/humupd/dmn004.
Murugappan G, Shahine LK, Perfetto CO, et al. Intent to treat analysis of in vitro
fertilization and preimplantation genetic screening versus expectant management in
patients with recurrent pregnancy loss. Hum Reprod. 2016;31(8):1668-1674. https://
doi.org/10.1093/humrep/dew135.

Ogden CL, Carroll MD, Curtin LR, et al. Prevalence of overweight and obesity in the
United States, 1999-2004. J Am Med Assoc. 2006;295(13):1549-1555. https://
doi.org/10.1001/jama.295.13.1549.

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq GzZ0z loquiada £T uo wodfwg woob//:sdny woiy papeojumoq "TZ0zZ Jaquiadad T Uo £00°0T T20Z Wo0b [/9TOT 0T Se paysiignd 1s. :aUIDIpajA [ed1ul]d SoLI8IsqO pue ABojodauls


https://doi.org/10.1111/j.1538-7836.2006.01753.x
https://doi.org/10.1111/j.1538-7836.2006.01753.x
https://doi.org/10.1002/art.34473
https://doi.org/10.1002/art.34473
https://ard.bmj.com/content/76/1/9.long
http://refhub.elsevier.com/S2667-1646(21)00050-6/sref31
http://refhub.elsevier.com/S2667-1646(21)00050-6/sref31
http://refhub.elsevier.com/S2667-1646(21)00050-6/sref31
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.2337/dc10-S011
https://doi.org/10.1186/1477-7827-9-9
https://doi.org/10.1056/NEJMoa1513873
https://doi.org/10.1056/NEJMoa1513873
https://doi.org/10.1056/NEJMoa1705334
https://doi.org/10.1056/NEJMoa1705334
https://doi.org/10.1016/s0015-0282(00)00518-5
https://doi.org/10.1093/humrep/deu277
https://doi.org/10.1093/hropen/hoaa021
https://doi.org/10.1016/S0140-6736(18)32843-5
https://doi.org/10.1093/humupd/dmn004
https://doi.org/10.1093/humrep/dew135
https://doi.org/10.1093/humrep/dew135
https://doi.org/10.1001/jama.295.13.1549
https://doi.org/10.1001/jama.295.13.1549

	The interaction effect between advanced paternal age and paternal obesity is associated with the low implantation rate in c ...
	1. Introduction
	2. Material and methods
	2.1. Study population
	Ethics approval
	2.2. Diagnostic criteria
	2.3. Clinical route
	2.4. Statistic approach

	3. Results
	4. Discussion
	Authors’ roles
	Consent for publication
	Funding
	Disclosure summary
	Conflict of interest
	Acknowledgements
	References


