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Purpose: To find out whether couples with predominant female offspring have more
chances to produce more female embryos during non-medical pre-implantation genetic
diagnosis (PGD) for male sex selection.

Methods: A total of 125 couples who had three or more female offspring and underwent non-
medical PGD for male sex selection between 2015 and 2019 were included. Nuclear DNA was
analyzed by fluorescent in situ hybridization (FISH). Two-chromosome (X, Y), 3-chromosome
(21, X, Y), and 5-chromosome (13, 18, 21, X, Y) probes were used for FISH. The standard
protocol was followed for sperm processing and embryo culture for IVF and PGD.

Results: In 83.2% of the couples, the ratio of female embryos was higher than male
embryos. Independent sample z-test showed that there is no significant difference between
equal and unequal embryonic groups in patients’ age, husbands’ age, sperm count, sperm
motility, total male embryos, total female embryos, normal male embryos, and normal female
embryos. For patients with positive pregnancy outcome, 84.6% had unequal embryonic ratio
while 15.4% had equal embryonic ratio. Similarly, patients who were treated by short
protocol had 85% of unequal embryonic ratio and 15% had equal ratio.

Conclusion: A greater variability in the female to male embryonic ratio is produced in
couples having predominantly female offspring and seeking non-medical PGD for male sex
selection.
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Introduction

The first human live births which used pre-implantation genetic diagnosis (PGD)
during embryonic development to identify the presence of lethal genetic diseases in
cycles of assisted reproduction were introduced in 1990." This treatment has gained
momentum in assisted reproductive technology (ART). The DNA-based PGD
treatment strategy has opened a new avenue in the treatment of infertility and
embryonic sex-selection for medical and non-medical reasons. One of the most
trusted DNA-based diagnostic procedures in ART is PGD. This technique helps
physicians to select the unaffected embryos for uterine transfer in cases of patients
who are carriers of single gene disorders or patients with structural chromosomal
abnormalities.” In addition to single gene defect detections, technical advances in
single-cell genetic analysis, including single nucleotide polymorphism (SNP) array,
comparative genomic hybridization (CGH), and whole genome amplification
(WGA), may improve diagnostic precision and permit useful pre-implantation
genetic screening (PGS) in patients with recurrent pregnancy loss and unexplained
in vitro fertilization (IVF) treatment failure, where chromosomal errors are the
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result of potentially de novo mutations or meiotic and
mitotic aberrations.>”’ Additionally, this technique is
being used for non-medical reasons, enabling the selection
of embryos of the desired sex. While there is appreciation
for the use of PGD for medical reasons, the use of this
technique for non-medical reasons has raised serious ethi-
cal concerns because non-medical sex selection can cause
gender imbalance in communities and may cause destruc-
tion of unwanted normal embryos.* '’ Gender variety, or
“family balancing” as it is sometimes known, is a form of
PGD that is undertaken in families in which all offspring
are of the same gender. Patients pursuing this option are
interested in the unique experience of raising a child of the
unrepresented gender.'""'> The ethics committees of both
the American Congress of Obstetricians and
Gynecologists (ACOG) and the American Society for
Reproductive Medicine (ASRM) have established accep-
table medical justifications for sex selection. However, the
committees differ on the ethics of gender selection for
non-medical indications."?

There are limited studies investigating the biological
characteristics of couples having dominantly female or
male offspring. In one retrospective study, 122 IVF/PGD
cases from 2004 to 2009 were studied in which the PGD
success rate for gender selection was found to be signifi-
cantly lower compared to conventional IVF.'* In another
PGD study, 276 patients of US nationality were reviewed
retrospectively. This study found no biological signifi-
children of

a particular gender that would indicate a greater likelihood

cance in couples previously having
of producing embryos of that same gender.'” In a recent
study, pre-implantation embryonic sex ratio was studied
retrospectively in nine Israeli women who underwent PGD
for non-medical sex selection. The results revealed a lower
percentage of the desired embryos obtained in PGD com-
pared to IVF. However, the result of this study cannot
represent the rest of the population due to the very low
sample size. Hence, in the present study, we aimed at
finding the embryonic sex ratio in 125 couples who had
three or more female offspring and underwent PGD for
a non-medical reason.

Materials and Methods

In this retrospective study, 125 couples with three or more
female offspring and those who underwent PGD for non-
medical sex selection (XY) between 2015 and 2019 were
included. The patients’ details were collected from the
repositories at King Abdullah University Hospital/Jordan

University of Science and Technology and Ibn AlNafis
Hospital.

All patients were counseled by their medical provi-
ders and then provided informed consent to participate in
IVF/PGD. Patients underwent ovarian stimulation with
gonadotropins using GnRH-agonist, few antagonist
cases; luteal-phase down regulation short or long proto-
col to prevent premature luteinization of follicles. Serial
monitoring was performed by IVF consultants for con-
trolled ovarian stimulation through hormones and ultra-
sound analysis. When at least 2-3 follicles measured
more than 18 mm in diameter, human chorionic gonado-
tropin (HCG) (5000-10,000 IU intramuscularly) was
administered by intramuscular injection followed by
transvaginal ultrasound-guided oocyte retrieval 36 hours
later. In all cases, intra-cytoplasmic sperm injection
(ICSI) was performed. All patients had embryo biopsy
performed on day 3 after oocyte retrieval, by direct
aspiration of a single blastomere through an opening
created by laser degradation of the zona pellucida. The
biopsied blastomere was fixed to a glass microscope slide
and the cytoplasm was removed before PGD analysis,
which includes nuclear DNA analysis by fluorescent
in situ hybridization (FISH) using 2-chromosome (X,
Y), 3-chromosome (21, X, Y), and 5-chromosome (13,
18, 21, X, Y) probes.

Fluorescent probe binding to the centromeric region of
the X chromosome and the Y chromosome was based on
heat control denaturation and hybridization protocol tar-
geted to nuclease at the S phase. Each nucleus is fixed to
a glass microscope slide marked with a circle and embryo
number using carbide glass pen. Targeted nucleic acid
probes to the centromeric region of the chromosomes
were attached to fluorochromes with different light emis-
sion frequencies, where each targeted probe for
a chromosome resulted in a specific color referenced in
the kit (Visis Abbott XY Probe Kit and PGT 5Probes
Kit)."

Visual observations were obtained by well-trained
technicians, as well as software capturing for result con-
firmation and archiving. The evaluation was subjected to
visualization of the fluorochromes using filter light emitted
fluorescent microscope based on the fluorescent range of
the fluorochromes used in the binding probes.

Two different colors are observed for chromosomes
X and Y. If the same color of chromosome X is observed
then the embryo is classified as XX, referring to the female
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embryo. Vice versa, if a different color is observed, then
the embryo would be classified as a male embryo.

Anecuploidy and euploidy is based on the number of
colors observed. If two colors are observed, then the
embryo is euploidy suitable for transfer, but if more than
two colors are observed the embryo is classified as aneu-
ploidy and thus not suitable for transfer.

A report was issued containing the case details, slide
number, embryo number, result of the analysis, a photo of
the visualized nucleus, and the color of the imitation probes.
Aneuploidy and euploidy were written into the result row of
the referred number of embryos. Artifacts and out of nucleus
boundaries fluorescent was not considered in the result.

PGD results were evaluated by geneticists, embryologists
and the IVF consultant responsible for embryo transfer on day
4 or day 5 of the embryo development. Patients were coun-
seled about the FISH results prior to the transfer of the
embryos.

The patients who could reach ovum pick-up stage and
at least had complete molecular diagnosis of one embryo
followed by day 3 blastomere biopsy were included in the
study. The standard protocol was followed for sperm pro-
cessing and embryo culture for IVF and PGD.

Statistical analysis was performed using IBM SPSS ver-
sion 21. Descriptive statistics were calculated to describe the
participant demographic characteristics. Ratio statistics were
performed to find out whether greater variability in the sex
ratio exists in the study population or not. Independent sam-
ple z-test and chi-square test were performed for continuous
and categorical variables, respectively. The level of signifi-
cance was set at p<0.05. This study was approved by the
Institutional Review Board of the Jordan University of
Science and Technology (JUST)/King Abdullah University
Hospital (KAUH) (36/121/2019). Patient consent was
waived as this retrospective study involves electronic medi-
cal records review and analysis was performed on de-
identified data. Patient data privacy and confidentiality were
maintained as this study was conducted in compliance with
the ethical standards of the Declaration of Helsinki.

Results

The results for the couples (with three or more female
children), who underwent PGD for sex selection, were 289
male and 296 female embryos. The mean age of the patients
and their husbands was 35 years and 41 years, respectively.
The youngest patient was 25 years old, and the oldest patient
was 47 years old. Similarly, the age of the youngest husband
was 28 and the oldest husband was 57 years. Out of 125

patients, 83.2% were with unequal embryonic ratio and
16.8% had equal embryonic ratio. The median embryonic
ratio was found to be 1. Patients within 20% of median
inclusion accounted for only 24.2% of those present
(Table 1). This indicates larger variability in the ratio of
female to male embryos in the study population.

The patients were divided into two groups based on the
ratio of total male to total female embryos. Independent
sample #-test showed that there is no significant difference
between equal and unequal embryonic groups in patients’
age, husbands’ age, sperm count, sperm motility (%), num-
ber of eggs, number of embryos, total male embryos, total
female embryos, normal male embryos, and normal female
embryos (Table 2). Chi-square test was performed to check
the relationship between the type of protocol, embryonic
ratio and pregnancy outcome (for total embryos). For
patients with positive pregnancy outcome, 84.6% had an
unequal embryonic ratio while 15.4% had an equal embryo-
nic ratio. Similarly, patients who were treated by short pro-
tocol had 85.0% of unequal embryonic ratio and 15.0% had
an equal ratio (Table 3). Similarly, independent sample #-test
and chi-square test were performed for normal embryos to
check whether any significant relationships exist between
variables (Supplementary Tables 1 and 2).

Discussion

We found larger variability in the ratio of female to male
embryos in couples who had three or more girl children and
underwent non-medical PGD for male sex selection. The
ratio statistics performed in this population confirmed the
fact that couples previously having three or more girl chil-
dren predominantly produce embryos of the same gender
(female embryos) during PGD programs for male sex selec-
tion. This is consistent with the finding of a retrospective
study performed on a large series of PGD procedures for
gender selection in a wide geographical region in the USA."

Table | The Participants’ Characteristics
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Characteristics Value
Total female embryo 296
Total male embryo 289
Patients with equal embryonic ratio (%) F:M 16.8
Patients with unequal embryonic ratio (%) F:M 83.2
Median embryonic ratio F:M (N=95, Missing data=30): 1.00
Median (minimum, maximum) (0, 8)
Co-efficient of concentration (within 20% of median 24.2%
inclusion)
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Table 2 Independent Sample t-Test (for Total Embryos)

Variable Equal Unequal p-value

Ratio Ratio

Mean £ SD | Mean = SD
Patient age 33.94 £ 339 | 35.19 + 448 0.273
Male partner age 40.37 + 489 | 41.45 £ 5.66 0.472
Sperm count (million) 89.35 + 45.5 | 78.62 + 50.87 0417
Motility (%) 58.64 + 9.65 | 52.10 + 15.28 0.091
Eggs (number) 11.70 £ 476 | 12.77 £ 7.07 0.550
Embryos (number) 6.35 + 234 6.82 % 3.11 0.552
Total male embryos (number) 264 £ 1.16 2.84 £ 1.84 0.672
Total female embryos (number) | 2.64 £ .16 2.83 £2.03 0.715
Normal male embryos (number) | 2.25 + 1.18 2.60 £ 1.55 0.380
Normal female embryos 231 £ 113 291 £ 1.66 0.171
(number)

A significant deviation towards male sex preference was
found in patients of Chinese, Indian and Middle Eastern
ethnic background. In our study, the embryonic sex ratio
was found to be 1."” This reported that the sex ratio at both
fertilization and implantation is between 1.29, 1.50 and 1.07
for PGD, IVF and ICSI cycles, respectively.'®

In another study, the effect of male age on the sperm—
sex ratio was studied.'® They observed a significant dif-
ference between birth and ratio
(p<0.0001). However, the finding of our study did not
support this finding.

Panahi and Fahami in the year 2015 studied the result
of pre-implantation genetic diagnosis in relation to cou-

live sperm-—sex

ples’ age.”® Their result suggested no significant relation-
ship between the age of the patient and the rate of
chemical and clinical pregnancy and gestational weight
of the newborn. However, the PGD method was 100%
successful in achieving the desired sex.

Table 3 Chi-Square Test (for Total Embryos)

It is worth mentioning that, in non-medical PGD
sex selections, we perform IVF treatment cycles in
spite of the fact that most of these cases have no
fertility problems, since it is the only method where
we can select the desired embryos. At the same time,
we face a lot of problems in treating infertility cases
(endometriosis, poor responders, low AMH) and this
will reduce the chances of selecting embryos.>' These
cases will be dealt with by collecting embryos some-
times from more than one IVF cycle. Although these
cases are limited in number, they represent a great
challenge. On the other hand, cases with PCOS inferti-
lity may show a risk of hyperstimulation syndrome and
might increase the chances of cancellation or freezing
all the embryos. Also, in these patients it is difficult to
optimize the dose of recombinant follicle-stimulating
hormone (FSH) needed for stimulation.??

Knowing the gender proportion in couples who have
offspring of a particular gender can help the physician
counseling the couples identify the probability of
achieving the desired embryo. This study revealed the
fact that the couples who predominately produce the
same gender (females in our study) are able to produce
embryos of the opposite gender as well. However, the
ratio of the same embryos is higher than that of the
opposite embryo. This is a clear statement that can be
provided during counseling sessions before the intended
PGD sex selection.

Conclusion

A greater variability in the female to male embryonic ratio is
produced in couples having predominantly female offspring
and seeking non-medical PGD for male sex selection.

Embryo Ratio p-value
Unequal Ratio Equal Ratio
Pregnancy outcome | Negative | N 43 7 0.843528
% within pregnancy outcome | 86.0% 14.0%
Positive N 44 8
% within pregnancy outcome | 84.6% 15.4%
Type of protocol Short N 96 17 1.0
% within type of protocol 85.0% 15.0%
Long N 2 0
% within type of protocol 100.0% 0.0%
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