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Abstract
Purpose To examine cycle blastocyst euploid rates among age subgroups of oocyte donors.
Methods Retrospective cohort analysis of ova donation in vitro fertilization cycles (OD-IVF) for which trophectoderm biopsy for
preimplantation genetic testing for aneuploidy (PGT-A) by array comparative genomic hybridization (aCGH) or next generation
gene sequencing (NGS) was employed between January 2015 and December 2018 in a single high-volume fertility center.
Results Compared to oocyte donors age 26–30, oocyte donors age ≤ 25 had similar cycle blastocyst euploid rates (80 [66.7,
87.5]%, vs. 75 [62.5, 87.5]%, median [IQR], p = 0.07), blastocyst formation rates (66.7 [50, 75]%, vs. 62.5 [52, 75]%, p = 0.55),
and number of retrieved oocytes (29 [23, 37] vs. 27 [20, 35], p = 0.18). Age of oocyte donor from 18 to 34was not correlated with
cycle blastocyst euploid rate.
Conclusion Oocyte donors age ≤ 25 had similar cycle blastocyst euploid rates, blastocyst formation rates, and number of
retrieved oocytes compared to donors age 26–30. There was no correlation between cycle blastocyst euploid rates and age of
the oocyte donor from 18 to 34 years. Given the lack of significant age-related change in cycle blastocyst euploid rates, our data
support existing practices which do not favor a specific age subgroup of young oocyte donors.
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Introduction

Donor oocytes play a pivotal role in modern day reproductive
medicine. In vitro fertilization with oocyte donation (OD-IVF)
allows women of advanced reproductive age [1] or primary
ovarian insufficiency to have high live birth rates. In the USA,
the number of OD cycles significantly increased by approxi-
mately 125% over 16 years from 10,801 in the year 2000 to
24,300 in 2016 [2, 3].

Oocyte quantity and quality are known to decline with age
[4], and therefore oocytes from younger women are typically
preferred. The American Society for Reproductive Medicine

(ASRM) recommends oocyte donors be between 21 and
34 years of age [5].

The role of preimplantation genetic testing for aneuploidy
(PGT-A) in ART cycles is controversial with some evidence
advocating its benefit solely among women of advanced re-
productive age when oocyte-derived aneuploidy is more com-
mon [6]. The role for PGT-A in OD-IVF cycles is uncertain
given the high presumed rate of euploidy with use of oocytes
derived from young donors [6]. Nevertheless, a steady nation-
wide increase in PGT-A use during OD-IVF was reported
from 2010 to 2013 [7].

Women age < 25 have been reported to have less favorable
IVF treatment outcomes such as clinical pregnancy and live
birth rates compared to women age 25–35 [8]. A bimodal
distribution of aneuploidy was previously reported in blasto-
cysts evaluated with trophectoderm biopsy and comprehen-
sive chromosomal screening (CCS) [9]. The results of this
particular study involving a general infertility population
found the lowest prevalence of aneuploidy between the ages
of 26 and 30. Surprisingly, there was a higher prevalence of
aneuploidy among most age groups younger than 26 with
women age 22, 23, 24, and 25 having aneuploidy rates of
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44.4, 40.8, 27.8, and 44.4%, respectively, whereas women age
26, 27, 28, 29, and 30 had aneuploidy rates of 24.6, 27.1, 22.7,
20.7, and 23.2%, respectively. The higher aneuploidy rates
reported among most age groups younger than 26 were only
surpassed by women age ≥ 37. Interestingly, in that report, the
no-euploid embryo rate was similar for women age 22 and 42.

If the euploid embryo rates in oocyte donors parallel
those reported in the general IVF population, it is possible
for some age subgroups of oocyte donors to yield lower
rates of euploid embryos. The identification of specific
subgroups of oocyte donors with lower rates of euploid
embryos might have an impact on the way these donors
are selected. Therefore, our primary objective is to exam-
ine the cycle blastocyst euploid rates by PGT-A among
different age subgroups of oocyte donors.

Methods

The institutional review board of the University of California,
Los Angeles, reviewed and approved the research protocol.
This is a retrospective cohort analysis of OD-IVF cycles with
trophectoderm biopsy for PGT-A between January 2015 and
December 2018 at a single high-volume fertility center. For
PGT-A, both high-density oligonucleotide array comparative
genomic hybridization (aCGH) and next generation gene se-
quencing (NGS) were used since our laboratory transitioned
from the former to the latter in the end of 2016. Results after
PGT-Awere divided into euploid and aneuploid since mosaic
results were not reported before 2017. After 2017, mosaic
results were counted as aneuploid and those cycles included
in the analysis, whereas cycles where any embryo resulted in a
no-result call after PGT-A were excluded. Cycles where the
diagnosis included male factor were also excluded, and only
normal sperm samples according to the World Health
Organization reference values were used for fertilization
[10]. Potential oocyte donors had a medical evaluation, and
only those without any significant medical, psychological, or
gynecologic abnormalities and with an antral follicle count of
at least ten were selected. For the primary analysis, only first
cycles from donors age ≤ 30 were included for comparison
and divided in subgroups comprising Group 1: donors age ≤
25 and Group 2: donors age 26–30. Cycles from oocyte do-
nors age 31–34 were not included because of the low encoun-
tered numbers (n = 12); however, to evaluate the effect of do-
nor age as a continuous variable on cycle blastocyst euploid
rates, all cycles were analyzed.

Ovarian stimulation, embryo culture, and biopsy

Controlled ovarian hyperstimulation was performed using
standard long gonadotropin releasing hormone (GnRH) ago-
nist or GnRH antagonist protocols utilizing a combination of

recombinant follicle stimulating hormone (FSH) 75–150 IU/
night (Follistim: Merck, Keniworth, NJ, USA; or Gonal-F:
EMD Serono Inc., Rockland, MD, USA) and human meno-
pausal gonadotropin (HMG) 75–150 IU/night (Menopur;
Ferring Pharmaceuticals, Parsippany, NJ, USA). Final oocyte
maturation was triggered with either subcutaneous human
chorionic gonadotropin (hCG) (5,000–10,000 units) or a com-
bination of subcutaneous GnRH agonist (leuprolide acetate
1 mg) and hCG 1,000 IU when two lead follicles reached ≥
18 mm in mean diameter. The oocyte retrieval was performed
35.5 h after the trigger injection.

Mature oocytes were fertilized either with conventional
insemination or intracytoplasmic sperm injection (ICSI). For
oocytes undergoing conventional insemination, motile sperm
at a concentration of 150,000–200,000/mL were co-incubated
overnight in Quinn’s Fertilization media (CooperSurgical Inc.
Trumbul l , CT) wi th 5% human se rum albumin
(CooperSurgical Inc. Trumbull, CT). For oocytes undergoing
ICSI, mature oocytes were injected 3–4 h post retrieval and
subsequently cultured in Quinn’s Advantage Plus Cleavage
media (CooperSurgical Inc. Trumbull, CT). Fertilization con-
firmation was done 16–18 h after the insemination or ICSI. All
embryos with two pronuclei were then continuously cultured
in Quinn’s Advantage Plus Cleavage media.

At day 3 post retrieval, all cleavage-stage embryos were
transferred to Quinn’s Advantage Plus Blastocyst media for
group culture. All embryos were cultured in the MINC incu-
bators (Cook Medical, Bloomington, IN) supplied with
premixed gas (6% CO2, 5% O2 and 89% N2) and routinely
incubated up to 7 days. Cultured embryos were graded on
days 5, 6, or 7 and determined to be ready for biopsy at the
blastocyst stage when a clear distinction between the inner cell
mass (ICM) and the trophectoderm (TE) could be observed.
Based upon the Gardner grading system [11], only blastocysts
with expansion score higher or equal to 2 and the quality of
ICM and TE higher or equal to C were biopsied. Blastocysts
were stabilized with a holding pipette, and a 20 um biopsy
pipette was then used to remove approximately 3–5 TE cells
for biopsy with assisted cutting by the Lykos laser (Hamilton
Thorne, Beverly, MA, USA). Biopsied cells were washed and
placed in tubes according to the testing lab protocol and kept
frozen at −20 °C before sending for PGT-A.

Preimplantation genetic testing for aneuploidy
(PGT-A)

Biopsied TE cells were analyzed for all 24 chromosomes
using either high-density oligonucleotide aCGH by the
testing laboratory Pacgenomics, Augora Hill, CA, or
Next Generation Gene Sequencing (NGS) by the testing
laboratories Pacgenomics, Augora Hill, CA, GoodStart
Genetics (Invitae), San Francisco, CA, or CombiMatrix
(Invitae), Irvine, CA.
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Statistics

Stimulation parameters and cycle laboratory outcomes includ-
ing PGT-A results were compared between oocyte donor age
groups using a Wilcoxon rank-sum test. Cycle blastocyst eu-
ploid rates including all oocyte donors age 18–34 were also
investigated with a Spearman correlation and a logistic regres-
sion analysis for the lowest quartile of euploid rate (< 65%).
Analyses were performed with SAS 9.4 (Cary, NC).

Results

Between January 2015 and December 2018, PGT-A was per-
formed on embryos derived from 215 oocyte donors between
the ages of 18 and 34. There were 111 cycles where the donor’s
age was 18–25 and 92 cycles where the donor’s age was 26–30
(mean donor ages ± SD were 22.6 ± 1.9 and 27.9 ± 1.5 years,
respectively). There were no significant differences in the
amount of gonadotropins administered, peak estradiol, number
of oocytes retrieved, or cycle blastocyst formation rates be-
tween the groups (Table 1). In addition, there was no significant
difference in the cycle blastocyst euploid rate of Group 1 com-
pared to Group 2 (80 [66.7, 87.5]%, median [IQR] vs. 75 [62.5,
87.5]%, p = 0.07). Cycle blastocyst euploid rates were also
compared excluding oocyte donors age < 22 (as there were no
women in this group in the study by Franasiak et al. [9]). Again,
no differencewas seen in cycle blastocyst euploid rates between
the groups (age 22–25: 77.8 [66.7, 87.5]%, median [IQR] vs.
age 26–30: 75 [62.5, 87.5]%, p = 0.16). A logistic regression
for the lowest quartile of cycle blastocyst euploid rate (< 65%)
was done including the 12 cycles from donors age 31–34 for a
total of 215 cycles. Age of the oocyte donor was not found to be
associated with cycle blastocyst euploid rate (1.04 [0.94, 1.14],
OR [95% CI], p = 0.45). Spearman correlation of cycle blasto-
cyst formation and blastocyst euploid rates using all oocyte
donors age 18–34 failed to show a correlation (p = 0.36 and
p = 0.63, respectively) (Fig. 1). Individual IVF cycle outcomes
by age of the oocyte donor can be seen in Table 2.

Discussion

In this cohort analysis evaluating OD-IVF cycles, we did
not identify differing median cycle blastocyst euploid rates
by PGT-A among age subgroups of young oocyte donors.
Women age ≤ 25 had similar blastocyst euploid rates com-
pared with women age 26–30. Even if we were to make the
argument that there was a statistical trend between the
groups, the 5% difference in median cycle blastocyst eu-
ploid rates is probably not clinically significant. We had
80% power to detect more clinically meaningful differ-
ences in median cycle blastocyst euploid rates of at least
7.5% between the groups. The overall high euploid rate in
both age subgroups of young oocyte donors support previ-
ous retrospective studies that failed to demonstrate a ben-
efit in pregnancy outcomes from embryos that underwent
PGT-A during OD-IVF cycles [12, 13].

In addition, there was no significant association between
cycle blastocyst euploid rate and the age of the donor from 18
to 34 years. The latter is consistent with a recent report of
statistically similar live birth rates among subgroups of oocyte
donors with similar age as ours and also in accordance with
ASRM guidelines where it is implied that donors age 21–34
may be equally preferable for oocyte donation [5, 14].
However, it is important to note that out of the 12 cycles from
31 to 34 years of age included in our study, 9 were from oocyte
donors age 31, there were no cycles from donors age 32, and
only 3 cycles were from donors age 33 and 34. The latter
could have implications in the external validity of our findings
when addressing this particular oocyte donor age range.

The results from this study also allow for speculation in the
topic of naturally occurring embryo euploid rates according to
age. Yang et al. [15] reported a 40% rate of aneuploidy among
women younger than 33 years of age. Franasiak et al. [9], in
the largest systematic report of CCS in the general IVF popu-
lation to date, using quantitative polymerase chain reaction
(qPCR) reported a bimodal distribution in embryo aneuploidy
rates according to age which included a peak involving most
women younger than age 26. As was previously discussed

Table 1 Cycle characteristics between donor age subgroups (n = 203)

Donor age group 1 Donor age group 2 P valueb

≤25 years (n = 111) 26–30 years (n = 92)
Median (IQR)a

Gonadotropins administered (IU) 3075 (2700, 3750) 3000 (2375, 3600) 0.18

Peak E2 (pg/ml) 3544 (2437, 4956) 3431 (2569, 4856) 0.95

Number of oocytes retrieved 29 (23, 37) 27 (20, 35) 0.18

Cycle blastocyst formation rate (%) 66.7 (50, 75) 62.5 (52, 75) 0.55

Cycle blastocyst euploid rate (%) 80 (66.7, 87.5) 75 (62.5, 87.5) 0.07

a Interquartile ranges
bWilcoxon rank-sum test
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regarding this latter study, the rates of aneuploidy reached >
40% at age 25, and the no-euploid embryo rate was close to
one-third at age 22which was similar to women age 42. In this
population, 61% of the cases originated from routine care in
an effort to optimize transfer order, increase pregnancy rates,
and decrease pregnancy loss rates, whereas 36% of them were
single-gene cases. There is no mention of the percentage of
cases that were OD-IVF cycles.

The physiologic mechanisms behind the J-shaped distribu-
tion of these findings remain elusive but could be related to the
population make-up of the cases presented by Franasiak et al.
[9] which mainly originated from “routine care” patients. This
subset of young women may have more diminished ovarian
reserve, partners with severe male factor or an intrinsic higher
than average oocyte aneuploidy rate significantly contributing
to their infertility. Nevertheless, diminished ovarian reserve in

younger women has not been associated with higher aneuploi-
dy rates compared to age-matched controls, and even though
previous studies have suggested an increased aneuploidy rate
with higher gonadotropin doses, this is unlikely to be the
cause in most younger women with an age-appropriate
ovarian reserve. Besides, this has recently been
controverted by a study comparing aneuploidy rates in
natural and gonadotropin-stimulated cycles [16–19].
Furthermore, severe male factor has not been found to
be associated with embryo aneuploidy rates [20].

Most likely, this population of patients biologically differs
from fertile women and oocyte donors. This topic has been
explored by Kort et al. [21] who compared aneuploidy rates
among a fertile group composed of patients undergoing PGT-
A for sex selection vs. a group of patients with recurrent preg-
nancy loss, male factor infertility, unexplained infertility, prior

Fig. 1 Correlation of oocyte donor age with cycle blastocyst and euploid rate (n = 215)

Table 2 IVF cycle outcomes
relative to the age of the oocyte
donor

Age (y) Cohort of oocyte
donors evaluated (n)

Oocytes retrieved
(mean ± SD)

Cycle blastocyst
rate (mean ± SD)

Cycle blastocyst euploid
rate (mean ± SD)

18 1 29 87.5% 85.7%

19 7 26.7 ± 10.2 50.4 ± 16.6% 67.6 ± 32.3%

20 12 27.7 ± 13.9 62.6 ± 23.1% 83.1 ± 17.4%

21 12 29.8 ± 12.6 70.7 ± 19.1% 83.5 ± 10%

22 16 36.7 ± 13 61.1 ± 16.8% 79.4 ± 16.5%

23 17 31.8 ± 12.3 62 ± 20.4% 75.1 ± 14.9%

24 25 28.9 ± 8.2 59.4 ± 16.8% 76.3 ± 19.5%

25 21 35.2 ± 16.9 69.5 ± 16.2% 82.5 ± 14.6%

26 27 29.7 ± 11.3 66.2 ± 18.1% 73.6 ± 17.1%

27 14 26.4 ± 14.3 58.7 ± 16.7% 73 ± 19.6%

28 14 32.3 ± 13.7 65.5 ± 19.5% 69.5 ± 21.2%

29 19 33.6 ± 18.6 56.1 ± 19.6% 72.2 ± 15.5%

30 18 26.2 ± 9.9 64.4 ± 17.4% 84 ± 15.7%

31 9 29.6 ± 8.3 57.2 ± 18.7% 84.8 ± 9.9%

32 0 N/A N/A N/A

33 2 10.5 ± 5 46.7 ± 18.9% 100%

34 1 36 51.5% 36.4%
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failed IVF, or previous aneuploid conceptions. They found a
significantly higher age-independent aneuploidy rate in the
infertile group when compared to patients without infertility
undergoing sex selection. What is particularly notable from
their findings is that the group with recurrent pregnancy loss,
previous IVF failure, and previous aneuploid losses also dem-
onstrated a J-shaped distribution of their aneuploidy rates,
whereas the group that did IVF for sex selection did not. In
the latter group, aneuploidy rates were directly proportional to
age. These findings could be extrapolated to our findings in
the donor population, where an aneuploid peak was also not
found in the younger patients, presumably fertile donors, thus
supporting findings in previous studies on embryo aneuploidy
rates in fertile women differing from that of an infertile young
population. This disparity in aneuploidy rates could potential-
ly explain some cases of infertility among younger women.

The strengths of our study lie in the consistency of
methods used during cycles, and the relatively large sam-
ple size of OD-IVF embryos obtained and tested using
data from a single center. Weaknesses include possible
limitations on the external validity of our findings since
aneuploidy rates in OD-IVF cycles have been found to
differ between fertility centers and because our results
were evaluated as euploid rates per cycle and not per total
number of embryos like in previous studies [9, 21, 22]. In
addition, the evaluation of embryonic ploidy was per-
formed with respect to oocyte donor age and does not
account for paternal age. However, aneuploidies in the
embryo typically originate from chromosome segregation
errors in meiosis I of the oocyte, rather than from the
sperm [23]. Furthermore, neither trigger type or fertiliza-
tion technique (i.e., IVF vs. ICSI) were included in our
study, but these have not been found to affect euploid
rates in patients undergoing ART [24–26]. Finally, even
though cycles analyzed via NGS or aCGH were equally
included, both PGT-A platforms have been found to pro-
vide highly consistent chromosomal results with the only
difference being that NGS can more precisely identify
embryos with chromosomal mosaicism and segmental an-
euploidies [27–29]. These abnormalities were counted as
aneuploid in our study; therefore, there is the possibility
that the aneuploidy rate could have been artificially aug-
mented in the cases evaluated with NGS. However, since
in the literature the overall rate of mosaicism appears to
be low and not affected by female age, we would not
anticipate a significant effect on our findings [30].

In conclusion, given the lack of significant age-related
change in cycle blastocyst euploid rates, our data support
existing practices which do not favor a specific age subgroup
of young oocyte donors. Our findings also suggest that young
fertile women may display an aneuploidy rate pattern distinct
from that previously reported for the general IVF population
of the same age range.
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