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Abstract

Objective To determine whether younger oocyte donor age is associated with better outcomes after in vitro fertilization (IVF)
compared with older oocyte donor age.

Design A retrospective cohort study.

Setting Large academically affiliated infertility treatment center.

Patients We included all women > 18 years who started their first fresh cycle using donor oocytes at our center from January
2002 through October 2017; only the first oocyte recipient cycle was analyzed.

Intervention Log-binomial regression was used to compare the incidence of clinical pregnancy and live birth among the
following donor age groups: <25 years, 25 to <30 years, and 30 to <35 years.

Main outcome measure Incidence of clinical pregnancy and live birth among donor age groups.

Results We included 774 donor cycles; 269 (34.8%) used donors < 25 years, 399 (51.6%) used donors 25 to < 30 years, and 106
(13.7%) used donors 30 to < 35 years. Median donor age was 26 years (range 18-34.5), and median recipient age and partner age
were both 42 years. Per cycle start, after adjusting for recipient age, cycles using donors <25 years were not associated with a
higher incidence of clinical pregnancy (RR 0.90; 95% CI 0.77-1.06) or live birth (RR 0.87; 95% CI 0.72—1.04) compared with
donors age 25—< 30 years.

Conclusions Donor age < 25 was not associated with better outcomes after IVF. Under the age of 30, the prioritization of <25 year
old donors may not be recommended given the lack of evidence for superior pregnancy or live birth outcomes.

Keywords IVF - Oocyte donation - Live birth - Assisted reproductive technology - Age

Introduction per cycle or a cumulative incidence of live birth of 60-80%

after up to 6 cycles for recipients in their 40s and 50s [1-4].

Selection of an oocyte donor is an important step for couples
who are undergoing in vitro fertilization (IVF) using donated
oocytes. Younger donors usually are preferred to older ones
based on the simple fact that female fertility declines with age.
Oocyte donation offers a probability of success that is gener-
ally more consistent with the age of the donor than the age of
the recipient, with the incidence of live birth as high as 50%
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For this reason, the age of the donor has long been considered
the most important determinant of outcomes after oocyte do-
nation [5-8].

More than a dozen studies have evaluated the influence of
donor age on pregnancy and/or live birth in recipients, and
relatively few have found a significant association [8—12].
Most were published more than 10 years ago, were limited
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by small samples, and had inconsistent age thresholds [8-20].
Additionally, no studies published within the last 10 years
have reported the specific incidence of live birth among do-
nors less than 25 years. Studies that have stratified by donor
age often categorize donors less than 30 into a single age
group, thus obscuring potential differences in outcomes
among younger donors.

Furthermore, there is reason to question the belief that
younger women produce better treatment outcomes and
higher-quality oocytes. A large study by Wang et al. in
Australia and New Zealand compared four donor age groups
(<30, 30-34, 35-39, and > 40 years) and found that the cycles
utilizing donors 30 to 34 years had a higher incidence of live
birth than cycles with donors under 30 years, as well as donors
over 34 [12]. With regard to autologous (non-donor) IVF,
Humm et al. analyzed 16,792 cycles and found that women
less than 25 years had a lower cumulative incidence of live
birth in up to six IVF cycles than women age 25 to <30 or 30
to <35 years, though these findings did not reach statistical
significance [21]. A similar trend has been seen in 2009 and
2014 national registry data from Australia and New Zealand,
in which infertile women under age 25 undergoing IVF had a
lower cumulative incidence of live birth than their

counterparts age 25 to 30 [22, 23]. Other studies have also
shown paradoxically high rates of aneuploidy and miscarriage
among women undergoing IVF in their early 20s [24, 25].

Women may benefit from selecting an oocyte donor with a
higher likelihood of success. As the importance of donor age
as a predictor of IVF success remains unclear, we reviewed the
outcomes of women undergoing their first donor-oocyte cy-
cles to determine the incidence of clinical pregnancy and live
birth according to finer gradations of donor age. Based on our
own work in autologous cycles, we hypothesized that cycles
using donors under age 25 would not have better pregnancy
and live birth outcomes compared with cycles using older
donors.

Materials and methods

We performed a retrospective cohort study of all women >
18 years who started their first fresh cycle using donor oocytes
at our center from January 2002 through September 2016. The
institutional review board at Beth Israel Deaconess Medical
Center approved this study. Only the first oocyte donation
cycle was retained in the analysis. We obtained demographic

Table 1 Recipient and donor
characteristics at the start of the
first oocyte donation cycle

Donor age (years)
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All cycles <25 25-<30 30<35
N=T774 n=269 n=399 n=106
Age (years)
Donor age 26.0 (24.0-28.0)  23.0(22.3-24.0) 27.0(26.0-28.0) 31.0(30.1-32.2)

Recipient age
Partner age*
Body mass index (kg/m?)
Donor
Recipient
Recipient characteristics
Nulligravid
Nulliparous
Number of prior cycles

Primary indication

Diminished ovarian reserve

Ovulatory dysfunction
POI/POF

Unexplained failed
in vitro fertilization
Other'

Missing

42.0 (38.4-44.9)
42.1 (37.5-46.1)

23.0 (21.0-25.0)
24.0 (22.0-27.1)

331 (43.6)
579 (75.8)
2.0 (1.0-5.0)

500 (64.6)
39 (5.0
36 4.7)
48 (6.2)

102 (13.2)
49 (6.3)

42.1 (38.9-44.9)
42.2 (37.7-46.1)

22.0(21.0-24.5)
23.3 (21.6-27.1)

117 (44.2)
210 (78.7)
2.0 (1.0-5.0)

180 (66.9)
11 @4.1)
14 (5.2)
19 (7.1)

33(12.3)
12 (4.5)

42.1 (38.5-44.9)
42.3 (37.7-46.2)

23.0 (21.0-25.0)
24.0 (21.9-27.1)

173 (44.3)
289 (73.4)
2.0 (1.0-5.0)

266 (66.7)
19 (4.8)
17 4.3)
20 (5.0)

55 (13.8)
22 (5.5)

41.3 (37.1-44.8)
41.3 (36.0-45.6)

23.2(21.6-27.3)
24.0 (22.4-27.3)

41 (39.4)
80 (77.7)
2.0 (1.0-5.0)

54 (50.9)
9 (8.5)
5@7)
9 (8.5)

14 (13.2)
15 (14.2)

Data are presented as median (interquartile range) or n (%)

POI/POF primary ovarian insufficiency/premature ovarian failure

* Partner age was excluded for couples using donor sperm

Te.g., polycystic ovarian syndrome, preimplantation genetic screening, endometriosis
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information, cycle characteristics, and cycle outcomes from a
prospective clinical database and supplemented this with chart
review. Oocyte donors were all volunteers with no prior infer-
tility diagnosis, and they were primarily anonymous. Donors
underwent evaluation followed by standardized treatment pro-
tocols for ovarian stimulation, monitoring, and oocyte retriev-
al [26]. Briefly, this includes an age range of 21-30 years with
known/directed egg donors allowed to range between 21 and
35 years; AMH must be at least 2 ng/ml and AFC at least 12.
We do not typically test for FSH.

The number of embryos transferred was consistent with
national guidelines (ASRM Practice Committee Document).
Patients received luteal phase support until 10 weeks of ges-
tation [26]. Intracytoplasmic sperm injection (ICSI) was per-
formed when indicated.

Fertilization success is the proportion of all retrieved oo-
cytes that developed into embryos with two pronuclei on the
day after fertilization; mature fertilization success was fertili-
zation success among mature oocytes. All patients with posi-
tive serum 3-hCG underwent early ultrasound. Implantation
success was defined as the number of fetal heartbeats or sacs
seen on ultrasound divided by the number of embryos trans-
ferred. The primary outcome of live birth was defined as the
birth of one or more live infants at >20 weeks of gestation.
Clinical pregnancy was defined as the presence of at least one
intrauterine gestational sac with fetal heartbeat identified on

ultrasound in the first trimester. Spontaneous abortion was
defined as pregnancy loss < 20 weeks of gestation.

Cycles were divided into the following three groups based
on donor age: <25, 25 to <30, and 30 to <35 years.
Descriptive data are presented as median and interquartile
range (IQR) or frequency and proportion. The Mann-
Whitney U test was used to compare medians between groups.
Log-binomial regression was used to calculate crude and ad-
justed risk ratios (RR) and 95% confidence intervals (CI). In
the regression model, we accounted for correlation between
cycles for different recipients who used the same donor.
Although not confounders because they are not a common
cause of both the exposure and the outcome, there often is
concern about the influence of variables such as donor and
recipient body mass index (BMI), number of oocytes re-
trieved, use of ICSIL, number of embryos transferred, and day
of embryo transfer on the effect estimate [27]. Thus, we in-
cluded these variables in regression models and evaluated
their influence on the risk ratio. We included recipient age in
all models due to its biological relevance. Otherwise, con-
founders were only included in the final model if they altered
the crude RR by 10% or more, acknowledging that not all
factors can be accounted for. P < 0.05 was considered statisti-
cally significant. All statistical analyses were conducted with
Stata/SE 12.0 (StataCorp LLC, College Station, TX) and SAS
9.4 (SAS Institute, Cary, NC).

Table 2  Cycle characteristics of first oocyte donation cycle patients according to age of oocyte donor
Donor age (years)
All cycles <25 25-<30 P’ 30<35 P’
N=T774 n=269 n=399 n=106
All cycles
Oocytes retrieved 18.0 (13.0-25.0)  19.0 (14.0-26.0)  18.0 (13.0-25.0) 0.18  16.0 (10.0-21.0)  0.003
Mature oocytes retrieved 15.0 (11.0-21.0)  16.0(12.0-22.0)  15.0(11.0-21.0)  0.62  13.5(9.0-18.0) 0.002
Donor sperm 51 (6.6) 17 (6.3) 28 (7.0) 072 6(5.7) 0.81
Intracytoplasmic sperm injection 336 (43.4) 121 (45.0) 175 (43.9) 0.77 40 (37.7) 0.26
Fertilization success 70.0 (54.6-80.0)  68.2(52.9-77.8)  70.0 (5§5.6-79.0) 0.25  73.5(58.0-85.7)  0.07
Mature fertilization success 80.0 (66.7-90.0)  79.5 (66.7-90.0)  80.0 (66.7-88.9)  0.82  83.3(70.3-94.1) 0.12
Preimplantation genetic testing for aneuploidy 3 (0.4) 0(0.0) 1(0.3) 0.60 2(1.9) 0.08
Canceled cycles 28 (3.6) 13 (4.8) 15(3.8) 0.50  0(0.0) 0.049
Embryo transfer cycles
Embryos transferred 2.0 (2.0-2.0) 2.0 (2.0-2.0) 2.0 (2.0-2.0) 0.68 2.0 (2.0-2.0) 0.06
Day of transfer 0.49 0.34
Day 3 482 (70.4) 165 (69.9) 243 (69.4) 74 (74.8)
Day 5/6 197 (28.8) 70 (29.7) 102 (29.1) 25(25.3)
Other 6(0.9) 104 5(1.4) 0(0.0)

Data are presented as median (interquartile range) or n (%)
* P is comparing 25—< 30 years to <25 years
P is comparing 25—< 30 years to 30—< 35 years
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Results

We identified 784 first oocyte recipient cycles during the study
period. Ten cycles (1.3%) were excluded because they used an
oocyte donor > 35 years. Of the remaining 774 oocyte recip-
ients, 269 (34.8%) were paired with oocyte donors < 25 years,
399 (51.6%) were paired with donors 25 to <30 years, and
106 (13.7%) were paired with donors >30 years (Table 1).
There were 607 unique donors contributing to these 774 cy-
cles; 82.0% of donors contributed to one recipient cycle,
12.9% contributed to two recipient cycles, 3.1% contributed
to three recipient cycles, and 2.1% contributed to >4 recipient
cycles. Donor age ranged from 18 to 34.5 years, with 98.8%
of donors falling within the age range recommended by the

Table3  Outcomes per cycle start and per transfer for donors 25 to <30
compared with donors <25 and 30—< 35 years

Donor age (years)

<25 25-<30
n (%) n (%)
RR" (95% CI) RR" (95% CI)

30—<35
n (%)
RR" (95% CI)

Positive 3-hCG

Per cycle start 157 (58.4) 241 (60.4) 55(51.9)
0.97 (0.85-1.10) Ref 0.86 (0.70-1.05)
Per transfer 157 (66.5) 241 (68.7) 55 (55.6)

0.97 (0.87-1.09) Ref 0.81 (0.67-0.98)

Spontaneous abortion

Per cycle start 19 (7.1) 24 (6.0) 6(5.7)
1.17 (0.66-2.08) Ref 0.97 (0.41-2.27)
Per transfer 19 (8.1) 24 (6.8) 6 (6.1)
1.17 (0.66-2.06) Ref 0.91 (0.39-2.11)
Clinical pregnancy
Per cycle start 121 (45.0) 199 (49.9) 42 (39.6)
0.90 (0.77-1.06) Ref 0.79 (0.61-1.02)
Per transfer 121 (51.3) 199 (56.7) 42 (42.4)
0.90 (0.77-1.06) Ref 0.90 (0.77-1.06)
Live birth
Per cycle start 102 (37.9) 175 (43.9) 36 (34.0)
0.87 (0.72-1.04) Ref 0.76 (0.58-1.01)
Per transfer 102 (43.2) 175 (49.9) 36 (36.4)
0.87 (0.73-1.04) Ref 0.75 (0.58-0.95)
Singleton 69 (67.7) 123 (70.3) 21 (58.3)
0.83 (0.65-1.06) Ref 0.64 (0.43-0.94)
Twins 32 (314) 49 (28.0) 15 (41.7)
0.98 (0.64-1.49) Ref 1.12 (0.66-1.89)
Triplets 0(0.0) 2(1.1) 0(0.0)
Unknown 1(1.0) 1 (0.6) 0(0.0)

For cycles using donors <25 years, there were 269 cycle starts and 236
transfers; for cycles using donors 25-< 30 years, there were 399 cycle
starts and 351 transfers; and for cycles using donors 30—< 35 years, there
were 106 cycle starts and 99 transfers

* Adjusted for recipient age
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ASRM of 21 to 34 years. Most recipients had been pregnant at
least once, yet 75% remained nulliparous at the start of their
first oocyte donation cycle. Recipients had undergone a me-
dian of two prior autologous IVF cycles (95% IQR 1.0-5.0).
Nearly two-thirds had diminished ovarian reserve as their pri-
mary indication for oocyte donation, while others had ovula-
tory dysfunction, primary ovarian insufficiency, and repeated
unexplained IVF failure. Donor and recipient characteristics
are presented in Table 1.

The three donor age groups were similar with respect to
recipient age, partner age, recipient BMI, donor BMI, recipi-
ent gravidity and parity, and cycle number (Table 1). Donors
30 to < 35 years had significantly fewer total oocytes retrieved
than donors age 25 to < 30 years (P =0.003), as well as fewer
mature oocytes retrieved (P =0.002) (Table 2). There were no
significant differences between donors <25 years and those
25 to <30 years (all P>0.18).

Recipients of oocytes from the youngest donor age group
did not have superior IVF outcomes and indeed had less fa-
vorable IVF outcomes, though this was not statistically signif-
icant (Table 3). Cycles with donors < 25 years and those with
donors 30 to < 35 years resulted in similar incidences of live
birth of 37.9% and 34.0%, respectively, while cycles involv-
ing donors 25 to <30 had an incidence of live birth of 43.9%
(Table 3). Per cycle start, after adjusting for recipient age,
cycles using donors < 25 years were less likely to result in a
clinical pregnancy (RR 0.90; 95% CI 0.77-1.06) or live birth
(RR 0.87; 95% CI1 0.72—1.04), although these findings did not
reach statistical significance. Results were similar for cycles
using donors 30 to < 35 years. Approximately 4% of initiated
cycles in our dataset were canceled prior to embryo transfer,
and thus, the analysis of outcomes per embryo transfer pro-
duced similar results (Table 3). Implantation success did not
differ between cycles using donors <25 (0.44+0.43) and
those using donors 25 to <30 (0.46 +0.41; P=0.69); similar-
ly, these was no difference between cycles using donors <25
and those using donors 30 to <35 (0.48+£0.44; P=0.48). A
graph of the incidences of clinical pregnancy and live birth per
cycle according to donor age year shows higher incidence of
live birth among cycles using donors 25 to <30 years com-
pared with cycles using younger and older donors (Fig. 1).

Discussion

The results of this study contradict the paradigm that “younger
is better,” revealing that younger donor age does not neces-
sarily correlate with greater treatment success in oocyte dona-
tion cycles. Though not statistically significant, this study
shows that cycles using donors <25 years were less likely to
result in clinical pregnancy and live birth compared with cy-
cles using donors 25 to <30 years, independent of recipient



J Assist Reprod Genet (2019) 36:1631-1637

1635

601
=<
~ 401
c
2
=
3
o 20+
S
[«
0-

B 18-<25
B 25-<30

B 30-<35

PUGI I S S A I N A

Y

3o

Donor age

Fig. 1 Incidence of live birth per cycle start by year of donor age

age and despite similar numbers of oocytes retrieved and sim-
ilar fertilization success.

These findings may be explained by the presence of
increased aneuploidy and poor embryo quality among do-
nors in the youngest age group. Franasiak et al. reported
aneuploidy in over 40% of embryos derived from women
ages 22 and 23 compared with 20-27% of embryos from
women ages 26 to 30. Aneuploidy involving multiple
chromosomes was more commonly seen in embryos from
women age <25 compared with those from women ages
26 to 30. Other studies of pre-preimplantation genetic
screening have confirmed that even donors younger than
35 can have incidence of embryo aneuploidy of more than
50% [28-30]. Our graphs of the incidence of clinical
pregnancy and live birth by donor age year reflect the
inverse of the bimodal curves described by Franasiak
et al. for aneuploidy in autologous IVF cycles [24].
More frequent aneuploidy could translate into worse out-
comes, such as increased incidence of spontaneous abor-
tion. Nazemian et al. found that donors age <25 had few-
er cleaved embryos and lower day 3 embryo quality, as
well as higher incidence of miscarriage, compared with
infertile women age 30 to 35 years [25].

Though not mutually exclusive, an alternative explanation
implicates follicular atresia as a process that affects younger
and older donors disproportionately. Breakdown of ovarian
follicles during early life is accelerated and dynamic until first
ovulation, after which atresia occurs at a rate of about 1000
follicles per month until menopause. As proposed by Casper
and colleagues, it is possible that oocytes from the youngest
donors, who are closer to the onset of puberty, may be

undergoing programmed cell death at a higher rate than coun-
terparts in their late 20s [25]. This could result in poorer em-
bryo development and less frequent fertilization and pregnan-
cy, even if by morphological or chromosomal analyses the
oocytes and embryos appear to be normal.

Our study has some important limitations. Although we
assessed the effect of donor BMI on our model, we did not
have data on other donor-related factors, such as donor gra-
vidity, parity, anti-Miillerian hormone level, history of miscar-
riage, history of donor IVF success, or race or ethnicity. There
is some evidence that increasing donor parity is associated
with improved pregnancy and live birth outcomes after [IVF;
however, Cohen et al. showed that after controlling for donor
age, the effect of donor parity was not significant [8, 18].
Therefore, the association between donor parity and cycle
outcomes actually may be driven by variations in donor age,
in that older donors are more likely to have a history of live
birth. Furthermore, despite attempts to adjust for confounding
variables, there may be some element of selection bias still
present. For example, it could be that poorer prognosis pa-
tients were more likely to select or be matched with a younger
donor in an effort to maximize success, thereby explaining the
seemingly poorer outcomes among donors < 25 years. A final
limitation is the long duration of the study, 2002 to 2016.
Although this provides a larger cohort of patients, it is also
complicated by the changing clinical practice over this time
range. The largest changes in practice are of course improve-
ment of cryopreservation by the introduction of vitrification
and also the shift in embryo transfer practice from predomi-
nantly 2-3 embryos on day 3 in the earlier stages to single
blastocyst transfer in later years.

@ Springer
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Quantifying IVF outcomes by donor age is highly relevant
to clinical practice and will become increasingly important as
oocyte donation expands. In the USA, the number of annual
donor egg cycles more than doubled from 1997 to 2010 [31].
Outcomes after oocyte donation also have improved greatly
over the last 10 years, such that the success of oocyte donation
now consistently exceeds that of conventional IVF [1, 2, 32,
33]. Another rapidly expanding group is women who choose
social egg freezing, and this study may help them choose a
more appropriate time to freeze their eggs. This study shows
that donor age < 25 years was not associated with better out-
comes after IVF. Specifically, the incidence of live birth
among cycles using donors <25 years was 13% lower than
the incidence among those using donors age 25 to < 30 years.
While not statistically significant, this lower incidence may be
clinically meaningful. More research investigating the impli-
cations of donor characteristics, specifically donor age, may
improve donor selection and further optimize the care of pa-
tients undergoing oocyte donation.
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