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Abstract

Purpose To determine whether the embryonic euploidy rate and live birth outcomes following single, euploid embryo
transfer (SEET) differ among women of self-reported racial and ethnic backgrounds.

Methods This retrospective cohort study included all infertile patients of different self-reported racial backgrounds who
underwent In vitro fertilization (IVF) with preimplantation genetic testing for aneuploidy (PGT-A) and an autologous single
euploid embryo transfer (SEET) from December 2015 to December 2019 at a single private and academic assisted reproduc-
tion technology center. Primary outcome measures included ploidy rates among different racial groups. Secondary outcomes
included clinical pregnancy, clinical pregnancy loss, and live birth rates.

Results Five thousand five hundred sixty-two patients who underwent an IVF cycle with ICSI-PGT-A were included. A
total of 24,491 blastocysts were analyzed. White participants had on average more euploid embryos and higher euploidy
rates when compared to their counterparts (p <0.0001). However, after controlling for confounding factors, there was no
association between race and the odds of having a higher euploidy rate (aOR 1.31; 95% CI1 0.63-2.17, p=0.42). A total of
4949 patients underwent SEET. Pregnancy outcomes did not differ among patients of varying self-reported races.
Conclusions Euploidy rates and pregnancy outcomes were comparable among patients of different racial backgrounds who
underwent a SEET.

Keywords Self-reported racial background - In vitro fertilization - Preimplantation genetic testing - Euploidy - Live birth
rate

Introduction are less likely to utilize IVF services, despite higher infertil-

ity rates among black (7.2%) and Hispanic (6.1%) women,

In the ever-evolving landscape of assisted reproductive tech-
nology (ART), the quest for understanding predictors of
in vitro fertilization (IVF) success is imperative for advanc-
ing our field. This pursuit becomes even more nuanced as
a growing body of evidence suggests that reproductive and
obstetrical outcomes may diverge among different racial
groups. Within the context of ART, racial disparities in
access to care and outcome have been addressed by several
studies [1, 2]. Chandra et al. reported that non-White women
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compared with White women (5.5%) [3]. Seifer et al. dem-
onstrated that Black women produced fewer mature oocytes,
fertilized oocytes, and blastocysts for cryopreservation when
compared to White women [4]. McQueen et al. documented
higher spontaneous abortion rates and lower live birth rates
(LBR) in Black and Asian women when compared with
White women after undergoing IVF without preimplanta-
tion genetic testing (PGT-A) [5].

These racial differences in reproductive outcomes may
result from a combination of diverse risk factors and condi-
tions known to influence embryonic ploidy and ART suc-
cess. For instance, Black, Hispanic, and Asian populations
have been documented to have an increased exposure to
endocrine-disrupting chemical (EDCs) recognized as del-
eterious to the ovaries and gametogenesis [6, 7]. In addi-
tion, research indicates that Black and Hispanic women
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have lower anti-Mullerian hormone (AMH) levels when
compared to White women, even after adjusting for age and
body mass index (BMI) [8, 9]. Importantly, AMH has been
recognized as an independent factor to predict aneuploidy
rates and ART outcomes [10, 11]. Finally, Black and His-
panic women have been reported to have a higher frequency
of polycystic ovarian syndrome (PCOS) when compared to
other races [12]. PCOS diagnosis itself has been proposed
as possible cause of higher aneuploid embryos by causing a
disruption of the endocrine control of meiosis which could
result in an impaired extrusion of the first polar body and
compromise the chromosomal normality of oocytes [13].
Given that non-White women have been documented to
exhibit a higher prevalence of factors known to be associated
with increased embryonic aneuploidy rates [10, 11, 13], and
recognizing that previous data, and racial disparities in infer-
tility have failed to fully elucidate a plausible cause for the
association between race and ART outcomes by being lim-
ited in sample size, incomplete reporting of race data, and
by transferring embryos without PGT-A, we sought to deter-
mine whether the embryonic euploidy rate differs among
patients of different self-reported racial backgrounds. We
hypothesized that when compared to White patients, patients
from other racial backgrounds would have different euploidy
rates, explaining at least some of the differences associated
with lower LBR and higher miscarriage rates reported in
previous studies where untested embryos were used.

Material and methods
Study design and patient population

This retrospective, single-center study included all infertile
patients who underwent IVF with preimplantation genetic
testing for aneuploidy (PGT-A) at RMA NY using next gen-
eration sequencing, from December 2015 through December
2019. Cases of patients harboring chromosomal rearrange-
ments, undergoing preimplantation genetic testing for mono-
genic defects (PGT-M), Asherman syndrome, and/or using
donor gametes were excluded from the analysis.

As part of the new patient intake form, patients were pro-
vided the opportunity to choose between the following racial
groups: White, Black, Asian, Native Hawaiian, American
Indian or Alaskan Native, Hispanic, and Other. All White,
Black, Asian, Native Hawaiian, American Indian, or Alas-
kan Native were non-Hispanic. Due to the low number of
responses, Native Hawaiian and American Indian or Alaskan
Native were included with others as part of the analysis.
Patients who chose not to answer were categorized as “not
specified” their race. Demographic characteristics such as
age, BMI, gravidity, and ovarian reserve metrics were col-
lected. Infertility diagnoses were explored in 8 categories:
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tubal factor, uterine factor (including fibroids, adenomyo-
sis, septum, or history prior uterine surgery), diminished
ovarian reserve, ovulatory dysfunction (including polycystic
ovary syndrome), recurrent pregnancy loss (RPL), male fac-
tor, idiopathic, and others (including cervical factor, gender
selection, vaginitis, sexual dysfunction, etc.). Cycle char-
acteristics and embryologic data, including total number of
oocytes retrieved, number of mature oocytes (MII), oocyte
maturity rate (total number of MII over the total number
of oocytes retrieved), fertilization rate, blastulation rate
(total number of viable blastocysts over the total number
of fertilized oocytes), day of biopsy, embryo quality, and
ploidy rates (number of euploid/aneuploid/indeterminate
blastocysts over the number of biopsied blastocysts) were
compared between cohorts.

A subsequent sub-analysis evaluated the live birth (LB)
outcomes of patients who underwent a synthetic endometrial
preparation and single-euploid embryo transfer (SEET).

Stimulation protocol

Patients underwent controlled ovarian hyperstimulation
(COH) for IVF as previously described [14]. Briefly, the
COH protocol was selected at the discretion of the repro-
ductive endocrinologist and involved the administration
of follicle-stimulating hormone (FSH) and human meno-
pausal gonadotropin (hMG) with a gonadotropin-releasing
hormone (GnRH) agonist downregulation protocol with leu-
prolide acetate (Lupron, AbbVie Inc., North Chicago, IL),
a GnRH antagonist protocol (Ganirelix Acetate, Organon
USA Inc., Roseland, NJ or Cetrotide, EMD Serono, Rock-
land, MA), or a microflare protocol with leuprolide acetate
(Lupron, AbbVie Inc., North Chicago, IL). These protocols
have been described previously [15]. Follicular development
was monitored using transvaginal ultrasonography. When at
least two follicles reached 18 mm in diameter, final oocyte
maturation was induced with either hCG (5000-10,000 IU,
Novarel, Ferring Pharmaceuticals, Parsippany, NJ, USA),
recombinant human chorionic gonadotropin (250-500 pg,
Ovidrel, EMD Serono, Rockland, MA), or, in high respond-
ers at risk of ovarian hyperstimulation syndrome undergoing
a GnRH antagonist protocol, a dual trigger with 2 mg of
leuprolide acetate and 1000 IU of hCG or leuprolide ace-
tate alone. Thereafter, patients underwent vaginal oocyte
retrieval under transvaginal ultrasound guidance 36 h after
oocyte maturation was triggered.

Laboratory procedures
Embryo culture

All metaphase II (MII) oocytes underwent intracytoplas-
mic sperm injection (ICSI). Embryos were cultured to the
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blastocyst stage as previously described [14]. On day 3 of
embryo development, all embryos underwent laser-assisted
zona hatching by creating a 25-30 um opening in the zona
pellucida with a 200-300 ms pulse using ZILOS-tk Laser
(Hamilton Thorne Biosciences, MA, USA) to facilitate
posterior trophectoderm herniation. Blastocyst trophecto-
derm biopsies were performed on days 5—7 of development,
contingent upon morphologic eligibility (modified Gardner
scoring system) [16]. Biopsy was performed as described
previously [14]. The biopsy samples were placed in hypo-
tonic wash buffer and submitted for analysis. Embryos were
vitrified after the biopsies. Five to seven cells were analyzed
by next generation sequencing (NGS) in order to determine
chromosome, copy number, and assigned to the following
categories: euploid, aneuploid, or inconclusive by the refer-
ence laboratory (during the study period mosaicism was not
yet reported).

Cryopreservation and rewarming techniques

The cryopreservation and rewarming techniques have been
described previously [14]. After the embryos had been
rewarmed, their survival was determined according to the
appearance of the blastomeres and zona pellucida and the
ability of the blastocoel to re-expand. Degenerated embryos
were deemed as failed to survive and not used for embryo
transfer.

Endometrial preparation and FET

For standardization and per typical clinical practice, every
SEET in this study was performed in a synthetic preparation
cycle. For each patient, the uterine cavity was prepared with
micronized oral estradiol (Estrace, Teva Pharmaceuticals,
NJ) 2 mg twice daily for 4 days, then 2 mg three times daily.
After a minimum of 12 days of estradiol administration,
transvaginal ultrasonography was performed to assess endo-
metrial thickness. When a minimum thickness of at least
7 mm was achieved, 50 mg of intramuscular progesterone
in oil (Watson Pharma Inc., Parsippany, NJ) was adminis-
tered daily. For all clinical cases, thawing and transfer of the
embryos were carried out on the sixth day of progesterone
supplementation regardless of the day of embryo develop-
ment at the time of cryopreservation. Euploid embryos with
the highest morphological grade were selected for transfer
[14].

Outcome measures

The primary outcome was ploidy rates among different racial
groups, defined as the number of euploid and/or aneuploid
blastocysts over the total number of biopsied blastocysts.
Secondary outcome measures included clinical pregnancy

rate (CPR), defined as the proportion of patients with fetal
cardiac activity detected by ultrasound; clinical pregnancy
loss (CPL), defined as pregnancy loss occurring after the
presence of a confirmed fetal cardiac activity; finally, LBR,
defined as live birth per embryo transfer [17].

Statistical analysis

Continuous data were reported as mean+-SD or median
(IQR) as appropriate with Clopper-Pearson binomial 95%
confidence intervals (95% CI). Groups were compared
using ANOVA for continuous normally distributed data
and Kruskal-Wallis when the conditions of normality were
not met. Categorical data were analyzed using Fisher exact
or Chi-squared tests as appropriate. Adjusted odds ratios
(aORs) with 95% confident intervals (CI)s were calculated
using a multivariate logistic regression analysis to adjust
for confounding variables, and the models were fitted with
a generalized estimating equation (GEE) to account for
patients who underwent multiple IVF and SEET cycles. Sta-
tistical analyses were performed using SAS version 9.4 (SAS
Institute Inc., Cary, NC, USA). All p values were two-sided
and were considered significant if less than 0.05.

Power analysis

A post hoc power analysis was performed. For our primary
outcome, a sample size of 506 embryos per group was
needed to detect a difference of 10% in euploidy rate with
80% power (alpha=0.05).

For the sub-analysis, to detect a difference in LB rates
from a SEET, a sample size of 110 SEET per group was
calculated to detect a difference of 10% in LB rates with 80%
power (alpha=0.05).

Regulatory approval

This retrospective study was approved by the Icahn School
of Medicine at Mount Sinai Institutional Review Board, Inc.
Date 6/2/2022-6/1/2023. Study-18-00441-CR002.

Results

Twelve thousand seven hundred and eighty-eight patients
underwent an initial consultation for ART treatment during
the study period (7301 identified as White (57%), 1205 as
Black (9%), 1366 as Hispanic (11%), 1826 as Asian (14%),
907 as other (7%), and 183 did not specify their race (2%).
Of these, 8175 were recommended to undergo IVF with
PGT (4741 identified as White (58%), 654 as Black (8%),
1145 as Asian (14%), 736 as Hispanic (9%), 490 as other
(6%), and 409 did not specify their race (5%)). Six thousand
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six hundred and forty-four women underwent IVF with PGT
during the study time (4010 self-reported as White (60%),
325 as Black (5%), 1086 as Asian (16%), 540 as Hispanic
(8%), 298 as other (5%), and 385 did not specify their race
(6%) (Fig. 1). A total of 5562 patients who underwent an
IVF cycle with ICSI and embryo biopsy for PGT-A during
the study period and met inclusion criteria were included in
the analysis. Of these, 3342 self-reported as White (60%),
291 as Black (5%), 1018 as Asian (18%), 472 as Hispanic
(9%), 142 as other (3%), the most common being Hawaiian,
and 297 did not specify their race (5%) (Fig. 1). One thou-
sand and eighty-two women were excluded: 137 women due
to PGT-M, 70 due to PGT-SR, 480 used donor gametes, 60
were canceled prior to a vaginal oocyte retrieval (VOR) due
to personal reasons or poor response and did not continue
treatment, and 335 did not have embryos for biopsy (Fig. 1).

Patient demographic and cycle characteristics are described
in Table 1. When analyzing age, Black, Asian, and Hispanic,
women who self-reported as other and that did not specify
their race were older than White women (38.0+3.1,37.3+3.1,
37.3+4.0, 38.1+3.4, 37.2+4.6, 36.6+3.5, respectively,
p<0.0001). Black women had a significantly higher BMI when
compared to White and Asian women (27.3 +£3.9 vs. 24.1 +£3.5,
and 23.4 +3.9, respectively, p <0.0001). No differences were
noted in gravidity nor ovarian reserve markers among groups.
When analyzing the etiology of infertility, a significantly higher
proportion of Black women had infertility due to tubal and uter-
ine factor when compared to White women (14.8% vs. 4.5%,
p<0.0001; 9.9% vs. 2.1%, p <0.0001, respectively). Women
who did not specify their race had the lowest incidence of ovula-
tory dysfunction infertility (1.9%, p <0.0001). The occurrence
of RPL and male factor infertility was greater in women who

12788 women underwnt an initial consultation for ART]|

- White 57%
- Black 9%
- Asian 14%
- Hispanic 11%
- Other 7%
- Did not specify their race 2%

with PGT
-White 58%
- Black 8%
- Asian 14%
- Hispanic 9%
- Other 6%

8175 patients were recommended to undergo IVF

- Did not specify their race 5%

L

6644 women underwent IVF with PGT-A
-White 60%
- Black 5%
- Asian 16%
- Hispanic 8%
- Other 5%
- Did not specify their race 6%

5562 women met the inclusion

1082 were excluded
(16%)

criteria
-White 60%

- Black 5%
- Asian 18%
- Hispanic 9%
- Other 3%

- Did not specify their race 5%

PGTM (n=137)
-White 56% (77/137)
- Black 4% (6/137)
- Asian 15% (20/137)
- Hispanic 11% (15/137)
- Other 7% (10/137)
- Did not specify their race 7% (9/137)

PGT SR (n=70)
-White 57% (40/70)
- Black 6%(4/70)
- Asian 11% (8/70)
- Hispanic 10% (7/70)
- Other 9% (6/70)
- Did not specify their race 7% (5/70)

Donor gametes (n= 480)
-White 60% (288/480)
- Black 7% (35/480)
- Asian 11% (53/480)
- Hispanic 9% (43/480)
- Other 6% (28/480)
- Did not specify their race 7% (33/480)

Cancelled cycles (n= 60)
~White 42% (25/60)
- Black 15% (9/60)
- Asian 7% (4/60)
- Hispanic 18% (11/60)
- Other 8% (5/60)
- Did not specify their race 10% (6/60)

No embryos for biopsy (n=335)
-White 26% (88/335)
- Black 12% (40/335)
- Asian 25% (84/335)
- Hispanic 10% (35/335)
- Other 8% (31/335)
- Did not specify their race 19% (65/335)

Fig. 1 Flow chart showing the distribution of women who completed an IVF+PGT cycle
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Table 1 Demographic and cycle characteristics of patients categorized by self-reported racial background

White Black Asian Hispanic Other Not specified P value
(n=3342) (n=291) (n=1018) (n=472) (n=142) (n=297)

Age at oocyte retrieval (years) 36.6+3.5 38.0+3.1° 37.3+£3.1*  37.3+4.0° 38.1+£3.4% 37.2+4.6 <0.0001*
BMI (kg/m2) 24.1+£3.5 27.3+3.9° 23.4+39  254+44 247+3.3 251+32 <0.0001*
Gravidity 1.9+1.3 1.8+2 1.7£1.2 1.9+£09 1.8+1.3 19+14 0.5
AMH (ng/ml) 29+3 28+34 3.0+£2.3 2.7+£3.3 3.0+4.3 29+23 0.11
Baseline FSH (IU/mL) 6.4+4 6.9+3.5 6.7+4.8 6.6+4 6.9+4.5 6.4+34 0.44
Baseline antral follicle count 12.4+6.8 11.9+6 12.6+5.8 12.1+7 12.0+5 12.1+3 0.39
Etiology of Infertility %

Tubal Factor 4.5 14.8* 8.2° 8.4° 6.6 6.8 <0.0001*
Uterine factor 2.1 9.9? 2.5 4.6° 2.0 34 <0.0001*
Diminished ovarian 19.5 19.9 19.4 18.7 20.3 18.4 0.56
reserve

Ovulatory disfunction 5.2 6.5 6.5 6.1 6.2 1.9* <0.0001*
Recurrent pregnancy loss 5.6 4.1 5.7 5.0 9.3 6.9 <0.01%*
Male factor 13.8 10.7 12.5 15.3¢ 17.3* 13.6 <0.0001*
Idiopathic infertility 12.1 7.1° 15.8 12.5 12.6 13 <0.0001*
Other 372 27° 29.4 21.9° 25.7* 36 <0.0001*
Cycle characteristics

Cumulative GND dose 3890+ 1301 4166+ 13397 3838+1276 4008 +1278 3878+1185 3947 +1371 <0.002*
(Units)

Day of ovulation trigger  12.0+1.6 12.6+2.4 12.1+1.7 12.1+2 124+1.7 12.0+1.9 0.22
Surge E2 (pg/mL) 2295.1+1036.8 2214.3+1148.7 2268+1129 2176.5+1086.3 2141.1+1215.4 2173.13+1136.3 0.09
Surge P4 (ng/mL) 09+05 0.9+0.5 1.2+£0.5 1.0+1 1.0+£0.7 1.0£04 0.006*

Data presented as mean and + standard deviations, unless stated otherwise

BMI, body mass index; AMH, anti Mullerian hormone; F'SH, follicle stimulating hormone; GND, gonadotropins; E2, estradiol; P4, progesterone

%p<.0001 compared to White group

bp <.01 compared to White group

°p<.05 compared to White group
*Statistical significance is defined as p <.05

self-reported as other when compared to White women (9.3%
vs. 5.6%, p<0.01; 17.3% vs. 13.8%, p<0.0001, respectively).
Finally, White women had the highest prevalence of other causes
of infertility when compared to the other 5 groups (37.2%,
p<0.0001).

Differences were observed in cycle characteristics.
Black women required higher doses of gonadotropins
(4166 TU + 11,339) compared to White and Asian women
(38904 13,010 and 3838 + 1276, respectively, p=0.02).
The average day of ovulation trigger was on day 12 for all
groups. No statistical differences were noted on serum estra-
diol levels at the time of surge among cohorts despite the
higher dose of total gonadotropins required in Black women.
Asian women had higher serum progesterone (ng/ml) levels
at trigger than their counterparts (p =0.006).

While Black women had the highest number of oocytes
retrieved (15.0+10.9, p=0.003), they had the lowest rate
of mature oocytes (p =0.003). Fertilization rate was higher

in White women, albeit this was not statistically significant.
Blastulation rate (78.6%) and the percentage of biopsied
embryos (70.6%) were highest among Black women when
compared to other groups (p <0.0001 vs. p <0.0001, respec-
tively). The average day of embryo biopsy was similar in all
groups (p=0.71) (Table 2).

A total of 24,491 blastocysts were analyzed (Table 2).
White women had on average more euploid embryos and
higher euploidy rates when compared to their counterparts
(White 2.4 +2.7 and 52.9%, Black 2.0 +2.3 and 44.3%,
Asian 1.9+2.1 and 50.2%, Hispanic 2.0 +2.2 and 48.7%,
other 2.1 +2.0 and 49.1%, not specified 2.1+ 1.9 and 49.8%,
p<0.0001 and p <0.0001, respectively). The inconclusive
embryo rate ranged from 5 to 7.2%, being highest among
White women. The aneuploidy rate was highest among
Black women (48.7%) vs. White (39.9%), Asian (44.3%),
Hispanic (45%), other (44.2%), and not specified (45%),
p<0.0001) (Table 2). However, after controlling for patient
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Table 2 IVF outcomes by self-reported racial background

White Black Asian Hispanic Other Not specified P value
(n=3342) (n=291) (n=1018) (nn472) (nn=142) (n=297)
Oocytes retrieved 14.5+9.6 15.0+10.9* 13.4+8.7% 13.8+9.5 143+8.1 13.9+9.0 0.003*
Number of MII 11.4+7.3 10.2+5.3 10.3+7.2 10.5+7.0 11.1+£7.2 10.7+£7.0 0.004*
Oocyte maturity rate  77.8 68.7* 75.6 76.3 78.0 77.0 <0.0001*
Fertilization rate 78.0 71.3 77.3 77.0 77.3 76.1 0.084
Blastulation rate 75.6 78.6* 73.9% 76.5 76.0 74.3 <0.0001*
Biopsied blastocysts  66.2 70.6* 64.7 67.3 67.5 68.3 <0.0001*
rate
Average embryo 54+1.6 54+18 55+19 54+1.8 52+1.6 55+19 0.71
biopsy day
Embryo quality at biopsy % (24514)
Good (>4BB) 68 (10507/15451) 62 (824/1329) 63.1(2417/3837) 65 (1292/1988) 62.1 (378/610) 65 (844/1299) 0.81
Moderate (4 BC or 25 (3863/15451) 25 (332/1329) 23.9(921/3837) 27 (537/1988) 25 (153/610)  24.5 (325/1299) 0.46
4 CB)
Fair (4 CC) 7 (1081/15451) 13 (173/1329)* 13 (499/3837)* 8 (159/1988) 12.9 (79/610)* 10.5 (130/1299)* <0.001*
PGT-A results (24514)
Number of euploid 2.4+2.7 20+23 1.9+2.1 20+22 2.1+£2.0 21+19 0.004*
embryos
Euploid embryo 52.9 44.3 (589/1329)* 50.2 (1930/3837) 48.7 (969/1988) 49.1 (300/610) 49.8 (648/1299) <0.0001*
rate (8176/15451)
Number of ane- 1.8+ 2.1 22424 1.6+2.0 1.8+2 1.9+2.1 1.9+22 0.003*
uploid embryos
Aneuploid embryo  39.9 (6169/15451) 48.7 (648/1329)* 44.3 (1701/3837) 45.0 (895/1988)° 44.2 (270/610) 45.0 (585/1299)> <0.0001*
rate
Number of incon-  0.3+0.2 0.3+0.3 0.2 +04 0.2 +0.4 0.3+0.2 0.2 +0.2 0.17
clusive embryos
Inconclusive 7.2 (1106/15451) 6.9 (92/1329) 5.3(206/3837) 6.2 (1241988) 6.5 (40/610) 5.0 (66/1299) <0.0001*

embryo rate

Data presented as percentages, mean and +standard deviations, unless stated otherwise

PGT-A, preimplantation genetic testing for aneuploidy
4p<.0001 compared to White group
°p <.01 compared to White group

*Statistical significance is defined as p <.05

age, BMI, infertility etiology, cumulative dose of gonadotro-
pins, surge progesterone levels, number of oocytes retrieved,
mature oocyte count, rate of biopsied embryos, and embryo
quality, there was no statistically significant association
between race and the odds of achieving a euploid embryo
(aOR 1.31; 95% CI 0.63-2.17, p=0.42) (Supplementary
Table I).

A sub-analysis was performed to examine differences
in IVF outcomes (CPR, LBR, and CPL rate) in patients
who underwent autologous SEET following a synthetically
prepared endometrium. A total of 4949 women underwent
SEET. Of these, 3067 self-reported as White (62%), 257 as
Black (5%), 844 as Asian (17%), 427 as Hispanic (8.7%),
115 as other (2.3%), and 239 did not specify their race
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(5%). Demographic characteristics and embryo quality are
described in Table 3. Black patients were older in stimu-
lation cycles (p <0.0001), SEET cycles (p <0.0001), and
had a higher BMI (27.5 +4.9 kg/m?, p <0.0001) than their
counterparts. Endometrial thickness, estradiol, progester-
one levels, day of biopsy, and good quality embryos at the
time of transfer were similar among all groups (Table 3).
Pregnancy outcomes following SEET are shown in Table 4.
CPR, LBR, and CPL did not differ among women of varying
self-reported races. In a multivariable logistic controlling for
oocyte age and age at transfer, BMI, infertility etiology, and
embryo quality, race had no association with lower odds of
achieving a clinical pregnancy, live birth, or clinical preg-
nancy loss after SEET (Supplementary Table II).
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Table 3 Demographic and cycle characteristics of patients that underwent a single euploid embryo transfer by self-reported racial background

White Black Asian Hispanic Other Not specified P value
(n=3067) (n=257) (n=844) (n=427) (n=115) (n=239)
Age at retrieval (years) 35.3+3.7 374+3.5° 36.1+3.2 359+3.7 37.1+4.1* 353+4 <0.0001*
Age at transfer (years) 359+3.7 37.8+3.4° 36.6+3.2¢ 36.3+3.7° 37.6+4.1° 359+4.1 <0.0001*
BMI (Kg/m?) 239+4.4 27.5+4.9° 232+3.7 25.7+4.42 25.1+3.3 252+3.3 <0.0001*
Gravidity 1.8+2.3 1.8+2 1.9+1.1 1.0£19 1.0£1.7 1.0£1.1 0.46
AMH 3.6 +39 33+3.7 3.6+ 33 33+ 34 35438 34126 0.61
Baseline day 3 FSH (IU/mL) 6.6+2.7 62+3 6.6+2.1 62+3 6.6+3.51 63+2.8 0.24
Baseline antral follicle count  12.7 +8.8 12.3+9 12.5+84 13.1+9 11.9+9 12.2+8.2 0.59
E2 at transfer (pg/mL) 248 +98.2 275+100.4 234+88.2 288+101.8 284+1054  255+96.4 0.34
P4 at transfer (ng/mL) 26.1+10.6 26.8+11.3 25.8+9.1 27.0£10.3 26.7+9.8 27.2+104 0.08
Endometrial thickness at time 9.6+2.1 9.5+1.8 95+1.5 9.6+1.8 9.6+1.5 9.6+1.9 0.6

of transfer (mm)

SEET embryo quality %
Good (>4BB)
Moderate (4 BCor4 CB) 27 (828/3067)
Fair (4 CC) 8.5 (276/3067)
Average embryo biopsy day 5.3+1.6

25.1 (64/257)
12.9 (34/257)
54+1.6

64.4 (1963/3067) 61.9 (159/257) 62.9 (532/844)
24.7 (211/844)
12.3 (101/844)* 8.7 (38/427)
55+15

64.5 (274/427) 62.3 (71/115)
26.7 (115/427) 24.7 (29/115)

64.1 (154/239) 0.89
24.1(57/239)° 0.43
12.9 (15/115)* 11.7 (28/239)* <0.001*

54+1.8 53+1.6 54+19 0.68

Data presented as mean and + standard deviations, unless stated otherwise. BMI, body mass index; AMH, anti Mullerian hormone; FSH, follicle

stimulating hormone; E2, estradiol; P4, progesterone

*Modified Gardner Scoring system (Expansion; Inner Cell Mass; Trophectoderm)'?

*Statistical significance is defined as p <.05
4p <.0001 compared to white group

5p <.01 compared to white group

‘p <.05 compared to white group

Table 4 Pregnancy outcomes based on self-reported racial background

White Black Asian Hispanic Other None specified P value
(n=3067) (n=257) (n=844) (n=427) (n=115) (n=239)
Clinical pregnancy rate 1930 (62.9) 162 (63) 528 (62.5) 261 (61.1) 72 (62.6) 149 (62.3) 0.62
Live birth rate 1502 (48.9) 129 (50.1) 410 (48.5) 208 (48.7) 57 (49.5) 116 (48.5) 0.74
Clinical pregnancy loss rate 428 (13.9) 33 (12.8) 118 (13.9) 53 (12.4) 15 (13) 33 (13.8) 0.42

Data presented as percentages

Discussion

The results of this analysis suggest that race is neither asso-
ciated with rate of embryonic euploidy nor compromised
pregnancy outcomes following SEET. Whereas prior studies
have investigated reproductive outcomes after fresh transfer
of unscreened embryos and the relationship between genetic
ancestry and embryonic aneuploidy, this study is the first to
solely focus on the influence of race on embryo euploidy
status.

It has been theorized that certain conditions may play
a role in poor IVF outcomes among different races. Some
studies reported that Black women undergoing IVF had sig-
nificantly higher BMI when compared to other races [18,

19]. This is consistent with our data, as Black patients had
the highest BMI of all the groups studied. Potential explana-
tions for worse prognosis in obese women include abnormal
secretion of hormones (such as total and free testosterone,
androstenedione and SHBG, and growth hormone) [20],
insulin resistance, and direct effects on oocyte and embryo
quality, although the mechanisms are largely unknown [20].
Contrary to previous studies that reported lower levels of
AMH in Black and Hispanic women, we found no differences
in AMH levels among cohorts [8, 9]. However, our study
also demonstrated that Black women required higher doses
of gonadotropins, which may be the result of higher BMI in
this group. Similar to our analysis, Sharara and McClamrock
found that Black patients required more aggressive ovarian
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stimulation compared to White patients [21]. Additionally, in
our study, Black women presented at an older age than their
counterparts and represent a minority in our study popula-
tion (5%). This group of patients is at a fundamental disad-
vantage since they have higher risks for aneuploidy and are
more likely to have medical comorbidities [19, 22—24]. This
is consistent with previous studies that reported that Black
women tend to delay seeking care for infertility [2, 21] and
are less likely to undergo IVF with PGT compared to White
women [25]. Although the specific impact of age and BMI
was notable in euploidy rates in the unadjusted analysis, after
controlling for these variables, race did not have an impact
on our primary and secondary outcomes.

When analyzing the etiology of infertility, we found
that tubal and uterine factors were more prevalent in Black
patients. Both have been associated with significantly
reduced implantation, clinical pregnancy, and live birth rates
after IVF, as well as increased risk of miscarriage [5, 19,
26]. Nevertheless, Black woman had comparable clinical
outcomes despite their infertility etiology, especially, uterine
factor, after SEET.

While several studies have identified disparities in ART
cycles, few have evaluated embryonic development from COH
[5,27]. One study by Jayaprakasan et al. found that Asian and
White women had a similar oocyte yield, fertilization rate, and
blastulation rate [27]. Dhillon et al. reported a higher oocyte
yield and fertilization rate in Black and Asian women com-
pared to White women [28]. McQueen et al. noted that Black
women had fewer mature oocytes, fertilized oocytes, day 5
transfers, and blastocysts for cryopreservation compared with
White women [5]. Shahine et al. similarly found no difference
in fertilization and blastulation rate, or embryo quality between
Asian and White patients [29]. Finally, our study showed that
although the number of oocytes retrieved following COH was
higher among Black patients, the oocyte maturity rate was
the lowest among the same group. Conversely, the blastula-
tion rate was significantly higher for Black patients and lower
for Asian and patients that self-reported as other. These find-
ings contradict previous research by Seifer et al., where Black
women had lower blastulation rates when compared to White
women [4], suggesting that ART outcomes of Black women
could benefit if they had earlier access to care. With a rise in
PGT cycles, the generalizability of these studies is restricted.
Moreover, despite the increasing clinical use of PGT-A, there
is paucity of data regarding the relationship between race and
euploidy. Franasiak et al. evaluated the relationship between
genetic ancestry and embryonic aneuploidy and found that
genetic ancestry does not have an impact on embryonic ane-
uploidy [30]. However, it is important to distinguish that race
and ancestry are not equivalent. Whereas ancestry is based on
the genetic lineage and geographical origin, race is a social
construct and does not reflect the complex genetic diversity
within human populations. Factors proposed to affect ART
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outcomes are more likely related to access to care, individual
habits, and underlying causes of subfertility, rather than being
driven by genetic lineage. Therefore, it becomes imperative
to examine the relationship between race and the status of
euploidy in embryos. Understanding this association can shed
light on any potential disparities or effects that race might have
in this context. The results of our analysis show no significant
differences in euploidy rates among women of different racial
backgrounds, providing valuable insights into this important
aspect of reproductive health.

The majority of the literature has established lower preg-
nancy rates and LBR among Black women compared to
White women undergoing fresh IVF cycles. US registry-
based studies demonstrate that ethnic minorities have lower
CPR and/or LBR after IVF, compared with White women,
although previous analyses have been limited by heteroge-
neity, missing data, and inadequate power [19, 31]. Only
one study has looked into pregnancy outcomes followed
by euploid embryo transfers among different races [29].
Their findings revealed lower IR among Black women in
comparison to other racial groups. However, it is important
to note that their research did not explore the potential link
between race and euploidy rates and the resulting subop-
timal outcomes after IVF. In contrast to their study, our
research seeks to address this gap by evaluating euploidy
rates in diverse racial backgrounds as a potential contrib-
uting factor to the disparities in ART outcomes. By doing
so, we aim to gain a comprehensive understanding of the
underlying factors that may influence ART success in dif-
ferent racial groups. By capitalizing on SEET on a medi-
cally primed endometrium model to control for embryonic
and implantation factors, we found no differences in LBR
among the different races and represented.

To our knowledge, this study is the first to show no dif-
ference in euploidy rates in embryos from patients of dif-
ferent self-reported racial backgrounds. Additionally, it is
the first to exclusively evaluate outcomes following SEET
among patients of the most common racial backgrounds
in the United States of America.

Our study distinguishes itself as it was performed at a
single, high-volume academic center with a team of embry-
ologists all uniformly trained, thereby reducing the inherent
variability that may arise from multicenter studies. Patients
with recognizable risk factors for failed embryo implantation
or poor embryonic development, such as parental chromo-
somal rearrangements, were excluded from the analysis, thus
making our findings more generalizable. Additionally, by
including only euploid embryos, we controlled for one of the
most common causes of implantation failure and early preg-
nancy loss, aneuploidy. Furthermore, our study was appro-
priately powered for the main outcome of interest, and the
total number of embryos analyzed met the required sample
size based on our power analysis.
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Notwithstanding our best efforts to avoid biases, some
shortcomings and limitations exist in the analysis. The most
notable limitation is its retrospective design, which increases
the chance of selection bias. In addition, the study relies on
self-reported racial background, which has been shown that
people self-identify differently over time [31-33], which
makes this data susceptible to confounding and misclassifi-
cation. Furthermore, the study classification system did not
allow for mixed racial/ethnic representation, and, when strati-
fying by groups, patients that self-reported as other and did
not specify their race constitute an important portion of the
subjects (8 and 3%, respectively) having a potential influence
on the results. However, after performing a sensitivity analy-
sis to address this limitation, our findings were similar to our
initial analysis. Another potential limitation is that specific
socioeconomic data were not available for analyses within this
dataset. And although the single center nature of the analysis
signifies that patients have equal availability of services and
physicians, affordability and access may be different among
patients and could contribute to ART and obstetrical outcome
differences in minority populations. Finally, information
regarding personal habits such as illicit drug use and cigarette
smoking were not available; therefore, we could not assess
whether these practices impacted our outcomes.

Conclusion

While differences in patient response to ART by race were
observed, euploidy rates and pregnancy outcomes were com-
parable among patients of different racial backgrounds who
underwent a SEET. Thus, providers can reassure patients that
race neither interferes with the ability to achieve a euploid
embryo nor the opportunity to achieve favorable pregnancy out-
comes following ART treatment using PGT-A and SEET. Fur-
ther research is needed to confirm these findings and to better
understand the underlying mechanisms associated with racial
disparity so that strategies can be developed to improve access
to care and treatment outcomes in non-white populations.
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