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Abstract The steep decline in both natural fertility and success after assisted reproduction treatment with increasing maternal age
is universally recognized. Large variations in the developmental competence of oocytes collected are seen during assisted cycles,
and a link between the biological competence of oocytes retrieved and age has been confirmed. Patients who require donated
oocytes can benefit from egg sharing programmes, in which a proportion of oocytes collected from selected patients aged <35 years
undergoing conventional assisted reproduction treatment are shared with a matched recipient. The reproductive outcomes of the
egg provider and recipient can thus be compared to quantify the significance of oocyte quality. Data gathered from two comparable
treatment centres resulted in 285 pairs of egg sharing providers and their recipients that could be analysed statistically. The chief
finding was donor pregnancy as a predictor of recipient pregnancy given embryo transfer (odds ratio 2.15, 95% confidence interval
1.33—3.46, P~ 0.002), despite an appreciably higher mean age of the recipients. The probability of a recipient pregnancy increased
by almost 0.2. Such results strongly indicate the key importance of oocyte quality for a successful clinical outcome in egg sharing
practices and assisted reproduction treatment more generally. o 08
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Introduction and development of the early embryo depend on organelles,

mRNA and proteins that accumulated during oocyte growth
Among the many factors affecting the prospects of a viable and maturation, a complex process that continues through-
pregnancy, whether after natural or assisted conception out the reproductive lifespan (Albertini et al., 2003; Gosden
(Elizur et al., 2005), the quality of the oocyte is one of and Lee, 2010). Fertility starts to decline significantly after
the foremost. Following successful fertilization, the survival the third decade, associated with a remarkable increase in
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oocyte aneuploidy (Hassold and Hunt, 2001) and diminished
ovarian reserve (Alviggi et al., 2009; Meldrum, 1993; te Vel-
de and Pearson, 2002), which lower success rates with
assisted reproduction treatments when women use their
own eggs.

Ovarian stimulation is routinely used in clinical practice
in order to obtain a large number of oocytes, although their
developmental competence is highly variable and there is a
high wastage rate. Only about 5—7% of fresh oocytes col-
lected from young women result in a live birth, and this
low figure decreases progressively to 1% at >40 years of
age (Inge et al., 2005; Kovalevsky and Patrizio, 2005; Patri-
zio and Sakkas, 2009). Poor developmental competence is
likely to be due at least in part to the developmental heter-
ogeneity of follicles reaching ‘mature’ size after ovarian
stimulation, but also to other factors since ageing pro-
foundly affects natural fertility rates as well. The causes
of oocyte ageing are poorly understood and no treatments
are available for reversing its effects.

Consequently, donor oocytes are used for couples to help
overcome infertility caused by diminished ovarian reserve
and inability to conceive a viable pregnancy, as well as for
other conditions including premature ovarian failure, surgi-
cal menopause and heritable genetic diseases. The trend for
women to delay childbearing has also increased the number
of assisted cycles worldwide that require donated oocytes
due to diminished ovarian reserve or compromised oocyte
quality related to age. The high success rates reported in
oocyte recipients, irrespective of their age, are comparable
to those of young women undergoing autologous assisted
cycles, leading to the conclusion that age of the oocyte
donor is the single most important factor predicting repro-
ductive success (Abdalla et al., 1997; Cohen et al., 1999;
Navot et al., 1991, 1994; Paulson et al., 1997; Toner
et al., 2002; Zegers-Hochschild et al., 2010).

Oocyte donation cycles provide opportunities for study-
ing factors that may be associated with the successful
establishment of pregnancy, such as donor and recipient
age and reproductive histories, endometrial thickness and
pattern, ovarian reserve, number of embryos transferred,
reproductive endocrinology, and obstetric-gynaecological
and semen variables (Bodri et al., 2007; Garcia-Velasco
et al., 2003; Harris et al., 2002; Levran et al., 1991; Noyes
et al., 2001). However, specific recipient or cycle-related
variables do not predict success or failure with high proba-
bility, apart from the general effect of age. The problem of
investigation is compounded by variations in oocyte quality
within a cohort from a given woman and between women of
the same age after controlling for other factors. This fact
has been noted when discordant outcomes were obtained
in recipients sharing eggs from the same donor (Bodri
et al., 2007; Garcia-Velasco et al., 2003) and was revealed
statistically in a study of egg donation to two or three recip-
ients (Harris et al., 2002). In the latter study, 85—90% of the
variation in pregnancy and live birth outcomes could not be
explained by specific donation characteristics, such as age
and number of oocytes harvested. Donor heterogeneity
due to oocyte quality (the ‘donor effect’) remains unex-
plained and under-investigated, yet is responsible for the
failure of most oocyte donation treatment cycles.

Unfortunately, the underlying factors responsible for the
donor effect cannot be revealed by clinical egg donation

practice, and research into its biological foundations are
constrained by the limited numbers of oocytes available.
Genetic factors are likely to be important; a donor history
of previous success accounted for 30% of the variation in live
birth rates among recipients (Harris et al., 2002), but
assessing this factor by twin studies or other standard meth-
ods is impractical.

Another source of information about the importance of
oocyte variability, hitherto overlooked, is the clinical
practice of egg sharing for assisted conception. The increas-
ing demand for donated oocytes in assisted reproduction
treatment cycles has resulted in acute shortages that can-
not be met through the recruitment of altruistic donors.
Oocyte-sharing schemes were developed to relieve chronic
shortages in donor oocyte availability, which are especially
acute in countries that prohibit financial compensation for
the donors (Ahuja et al., 1996, 2000). The egg sharing pro-
vider (ESP) is a woman who requires IVF treatment in order
to conceive and is willing to donate half of her oocytes (cho-
sen at random) to a recipient (ESR) who needs them because
of primary ovarian failure, risk of transmitting a genetic dis-
ease or has a poor response to stimulation/recurrent failure
after treatment using her own oocytes. The IVF treatment
of the egg recipient is incidental to the treatment of the
egg provider, whose own treatment is subsidized by the
recipient. Although reservations were initially expressed
due to the possibility that the donor oocytes from infertile
women might be of lower quality than those from altruistic
donors, such concerns have not been substantiated in
practice. In a recent study comparing cycle variables and
outcome between egg sharing cycles and cycles that used
oocytes from altruistic donors, Oyesanya et al. (2009)
reached the conclusion that the outcomes were similar in
terms of endocrine parameters, embryo quality, and
implantation and pregnancy rates. The Human Fertilisation
and Embryology Authority in the UK has approved the
practice of egg sharing in licensed assisted reproduction
treatment centres, with the proviso that adequate and inde-
pendent counselling must be available to all couples who
participate in egg sharing schemes (Human Fertilisation
and Embryology Authority, 2000).

According to the hypothesis that oocyte quality is a chief
determinant of fertility, subject to age-dependent and
age-independent variation, the reproductive outcomes for
the ESP and ESR after egg sharing, whether expressed as
pregnancy or live birth rate, should be highly correlated.
Confirmation will be relevant to assisted conception in gen-
eral, since egg sharing does not compromise pregnancy or
live birth rates for the donor (Oyesanya et al., 2009; Riming-
ton et al., 2003; Thum et al., 2003).

Materials and methods

The study was based on data from two centres whose egg
sharing programmes were established from comparable clin-
ical and laboratory protocols: Bourn Hall Clinic, Cambridge
(BHC, 2002—2008) and the London Women’s Clinic, London
(LWC, 2005—2008). The data were analysed for the years indi-
cated in brackets and coded so that information that could
potentially identify patients was completely eliminated.
The oocytes from each ESP were donated anonymously to a
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recipient of the same cytomegalovirus (CMV) status and eth-
nic group, and attempts were made to match the physical
characteristics of ESP—ESR pairs as far as possible.

The ESPs, who were <36 years old (with only two aged 36
at the time of treatment) and with body mass index
between 18—29 kg/m? were asked to complete a health
questionnaire for medical, gynaecological and family his-
tory. They were screened by pelvic ultrasound scanning
and blood tests were performed for basal reproductive
endocrinology (FSH, LH and oestradiol on day 2/3 of a nat-
ural menstrual cycle), CMV, blood group type and blood fac-
tors (including anaemia), rubella, cystic fibrosis,
chromosomal abnormalities, Venereal Disease Research
Laboratory/Treponema pallidum haemagglutination tests,
sickle cell anaemia, thalassaemia, HIV, hepatitis B and C,
human T-lymphotrophic virus 1 and 2, chlamydia, gonor-
rhoea and Tay-Sachs disease (if indicated). The upper age
limit for ESRs (54 years) was higher than for ESPs (36 years),
but the mean ages of the same groups were similar between
the two centres (Table 1). ESRs were assessed to exclude
uterine pathology, and screened for blood group, CMV,
HIV and hepatitis B and C, as well as undergoing additional
counselling for the special implications of egg sharing.

The donors were prepared for ovarian stimulation by
pituitary down-regulation with a GnRH agonist, either buse-
relin (Suprefact; Sanofi Aventis) 0.5 ml daily by subcutane-
ous injection or nafarelin (Synarel spray, Pfizer) 400 mg
twice daily, starting in the luteal phase of the cycle before
stimulation. After confirmation of down-regulation, ovarian
stimulation was initiated with 150 1U of gonadotrophins
(Gonal F or Puregon; MSD) and the cycles were monitored
by ultrasound scan from day 6 of stimulation in order to con-
firm follicular growth. When necessary, the dosage of FSH
was adjusted according to response. Ovulation was induced
by human chorionic gonadotrophin (HCG) injection (Ovit-
relle, Merck-Serono or Pregnyl, MSD) when the most
advanced follicle had reached a diameter >18 mm with at
least three additional follicles >14 mm; oocyte retrieval
was carried out 36 h after HCG injection. After ultra-
sound-guided transvaginal oocyte retrieval, the donor’s
oocytes were divided randomly into equal numbers between
herself and her ESR; in cases where an uneven number was

collected the additional oocyte was allocated to the ESP.
The majority of oocytes were fertilized by intracytoplasmic
sperm injection (ICSI) instead of standard insemination
using either partner’s spermatozoa or a sample of matched
donor spermatozoa when required. BHC data included seven
ESPs who required the use of donor spermatozoa, due to
severe male infertility. No recipient cycles required donor
spermatozoa. The total LWC cohort (n=312) of ESP and
ESR patients included 50 lesbian couples and 37 single
women (28% of total). No heterosexual couples in the LWC
cohort required use of donor spermatozoa.

The recipients were synchronized for embryo transfer
either by down-regulation with a GnRH agonist (as described
above for ESP) or administration of an oral contraceptive
pill, Microgynon 30 (Bayer), one tablet daily, and the endo-
metrium was prepared by hormone replacement therapy,
oestradiol valerate 4 mg daily (Progynova; Schering). Pro-
gesterone administration with Cyclogest pessaries (Actavis)
400 mg daily or Crinone 8% (Merck-Serono) once daily was
commenced the day after the donor received HCG, and ade-
quate endometrial preparation was confirmed by an ultra-
sound scan before embryo transfer was scheduled. After
culture in conditions that have been described previously
(Elder, 2005), a maximum of two embryos were transferred
to the uterus on day 2, 3 or 5 after insemination. The major-
ity of the transfers were carried out on day 3 at LWC; at
BHC, 30/258 transfers (11.6%) were carried out on day 5
after extended culture to the blastocyst stage and the
remainder on day 3. No appreciable differences in outcome
were detected for embryos transferred at the cleavage ver-
sus the blastocyst stage.

Data from paired patients who did not receive a fresh
embryo transfer in the ESP stimulated cycle, either due to
the risk of ovarian hyperstimulation syndrome (OHSS) or
inadequate endometrial development in either donor or
recipient, were excluded from further analysis because
the pairs were not comparable. In these cases, embryo
transfer was postponed by cryopreserving the embryos for
a subsequent hormone replacement therapy-supplemented
cycle. Eight ESP patients had all their embryos frozen due
to the risk of OHSS, having generated >30 oocytes (average
33 oocytes). Following subsequent transfer of frozen

Table 1 Summary of embryology data and clinical outcomes after sharing eggs in two comparable assisted conception
programmes.
Clinic Patient No. of Age Oocytes No. of Embryos  Proportion of No. of No. of
group patients (years) collected ICSI/IVF created embryos/oocytes pregnancies live births
BHC ESP 129 31.1 17.2 77/52 5.0 0.67 55 43
(22—-35) (8—-39) (1—13) (0.071-1)
ESR 129 41.2 — 85/44 4.4 0.65 64 41
(28—49) (1-9) (0.125—-1)
LwcC ESP 156 30.5 16.1 136/20 5.6 0.68 79 67
(19-36) (7-34) (1-11) (0.17—1)
ESR 156 42.4 - 133/23 5.2 0.66 59 44
(28—54) (1—-11) (0.14—1)

Values are mean (range) unless otherwise stated.

BHC = Bourn Hall Clinic; ESP = egg sharing provider (donor); ESR = egg sharing recipient; LWC: London Women’s Clinic.
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embryos from these cycles, one resulted in a live birth, one
in a biochemical pregnancy and the remaining six had a neg-
ative result. Of the eight recipients who had fresh embryos
transferred from these donors, three achieved healthy live
births (one twin and two singleton deliveries). In another
11 cases, the endometrium of one of the pair had not devel-
oped sufficiently for implantation (<8 mm). After excluding
these cases, a total of 285 egg sharing provider—recipient
pairs were analysed, 129 pairs from BHC and 156 from
LWC (Table 1).

The data were analysed using generalized linear model-
ling with a backwards elimination process (Francis et al.,
1993). Statistical significance was assessed at the conven-
tional P-value <0.05. All pregnancies, including biochemical
(positive HCG on approximately day 15 post-fertilization)
and miscarriages (after identification of viable fetal heart)
were recorded, as were subsequent live births. Some of
the statistical comparisons were made after dichotomising
the data, notably for the number of oocytes (<20/>20) or
age of the ESR (<35/>35 years).

Results

The patient characteristics and demographics, and the clin-
ical and laboratory protocols were similar in the two cen-
tres. Indeed, the source of data was not a statistically
significant covariate for either of the main outcomes, preg-
nancy given embryo transfer or live birth given pregnancy
for both donors and recipients (after Bonferroni adjust-
ment). As outlined in Table 1, the range of the age distribu-
tions for ESPs and ESRs was somewhat greater for the LWC
(17 and 26, respectively) than BHC (13 and 21, respec-
tively), although the mean ages (30.5 and 42.4, LWC; 31.1
and 41.2, BHC) did not differ much between centres. Like-
wise, the mean numbers of oocytes collected (16.1, LWC;
17.2, BHC) and embryos created (5.6 and 5.2, LWC; 5.0
and 4.4, BHC) were comparable between centres as well
as between donors and recipients. Embryology data were
expressed in numbers as well as proportions of the corre-
sponding number of oocytes collected, to indicate fertiliza-
tion rates. These proportions were very similar in all four
groups (Table 1). ICSI was used in a majority of cycles,

but the distinction between ICSI/IVF was not considered a
relevant factor for the outcomes since ICSI was not
restricted to male factor indications in either clinic, and
comparable studies found no influence of semen factors or
male fertility (Bodri et al., 2007; Gallardo et al., 1996; Gar-
cia-Velasco et al., 2003; Oehninger et al., 1998).

When potential covariates were tested for predictive
effects on recipient pregnancy given embryo transfer, donor
pregnancy was found to be highly significant with an odds
ratio of 2.15 (P~ 0.002) (Table 2). The estimated pregnancy
probabilities were 0.53 for donor pregnant, and 0.34 for
donor not pregnant. Hence, a donor pregnancy increased
the probability of a recipient pregnancy by almost 0.2. None
of the other covariates had additional significant effects,
including the number or proportion of embryos created for
the recipient, the number of oocytes harvested from the
donor (either as a continuous variable or dichotomized) or
the age of the recipient (either continuous or dichotomized).

The next best predictor of a recipient pregnancy without
the donor pregnant covariate was donor live birth, the esti-
mated odds ratio being 1.78 (95% Cl 1.10—2.88) for live birth
relative to no birth. When this covariate was omitted the
donor proportion of embryos/oocytes was the next best pre-
dictor of a recipient pregnancy (odds ratio 1.08, 95% CI
0.96—1.21) for each 10 percentage-point increase in
embryos/oocytes, with a slightly lower odds ratio (1.05,
95% Cl 0.94—1.17) associated with the recipient proportion
of embryos/oocytes.

None of the covariates significantly affected the chances
of a recipient live birth given recipient pregnancy, the over-
all probability of this outcome being 0.69. Recipient age
(continuous or dichotomized) was not a significant predictor
of live birth. Interestingly, the best predictor of live birth
(explaining most of the variation in this outcome) was the
proportion of embryos/oocytes in the donor and not the
recipient, with an estimated odds ratio of 1.15 (95% ClI
0.97—1.38) for each 10 percentage-point increase in
embryos/oocytes. However, this effect did not reach statis-
tical significance (Table 2).

Unsurprisingly, increasing age of the donor was associ-
ated with the number of oocytes harvested (P = 0.03), with
the mean number collected declining by an estimated factor
of 0.94 for each additional 5years of the donor’s age

Table 2 Statistical analysis of the effects of covariates on clinical outcomes in two egg sharing programmes for assisted

reproduction treatment.

Outcome measure Probal.)il.ity Pro{)a.bility. of
of recipient recipient live
pregnancy birth given
given embryo transfer  pregnancy

Mean number
of oocytes
harvested
(from donor)

Probability of
donor pregnancy
given embryo
transfer

Probability of
donor live birth
given pregnancy

Covariate
estimated effect

Donor pregnant
odds ratio:

1.15
95% ClI 1.33-3.46 0.97-1.38
P-value ~0.002 NS

10 percentage-point
increase in donor
2.15 proportion embryos/
oocytes odds ratio:

Additional 10 percentage-point  Additional year
5 years on increase in donor on donor’s age
donor’s proportion embryos/  odds ratio: 0.91
age mean oocytes
ratio: 0.94 odds ratio:

1.17
0.89—0.99 1.04-1.31 0.78—1.05
~0.03 ~0.007 NS

NS = not significant.
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(Table 2). The estimated mean numbers of oocytes at 20,
25, 30 and 35 years of age were 18.9, 17.8. 16.7 and 15.8,
respectively.

Another anticipated finding was a significant covariate
effect of the donor proportion of embryos/oocytes on donor
pregnancy (P~ 0.007). This was a modest effect, however,
the estimated odds ratio being only 1.17 (95% CI 1.04—1.31)
for each 10 percentage-point increase in the proportion.
The estimated probabilities of a donor pregnancy were 0.31,
0.40, 0.50 and 0.60 for 25%, 50%, 75% and 100% donor
embryos/oocytes, respectively. The overall probability of
a donor live birth given pregnancy was 0.82 and none of
the covariates had significant effects on this measure of
outcome (Table 2). This donor live birth rate was signifi-
cantly (P~ 0.02) higher than the recipient live birth rate
(0.69), reflecting the generally younger ages of the donors
compared with the recipients (Table 1).

Discussion

One of the most remarkable facts of human reproduction is
its extraordinary inefficiency. In natural fertility popula-
tions, this is measured as the time to conception for women
trying to get pregnant, but assisted reproduction affords
opportunities for close monitoring, albeit of infertile cou-
ples. From a biological standpoint, it makes sense to index
female fertility as the number of live births for every 100
oocytes collected during an assisted reproduction cycle,
because oocytes are a limiting factor. Generally in success-
ful treatment centres, the index has been found to be
approximately 4—5% for women aged less than 35 years
using their own oocytes, or slightly higher when they use
young donor oocytes, but it declines to or below 1% in older
women (Inge et al., 2005; Martin et al., 2010; Patrizio and
Sakkas, 2009). Interestingly, these percentages have hardly
changed since the pioneering work of Edwards and Steptoe
in the early 1980s, implying that oocyte quality has not sig-
nificantly improved during the evolution of ovarian stimula-
tion protocols (Inge et al., 2005). Biological factors are
presumably chiefly responsible for the high rates of oocyte
wastage.

Yet it is clear from clinical practice that, although the
majority of oocytes in cohorts collected after controlled
ovarian stimulation are not developmentally competent
for conception, there is much variation between individual
women, associated with age as well as with age-indepen-
dent factors. Assisted reproduction can again shed light on
the variation. In a study of women who donated eggs on
more than one occasion, wide differences in pregnancy suc-
cess among their recipients were reported, despite the
donors being uniformly young and presumptively, if not
already proven, fertile. At one end of the spectrum, some
donors could be regarded as ‘superfertile’, achieving high
success rates, whereas at the other end some never suc-
ceeded in helping any recipient to achieve pregnancy and
live birth (Harris et al., 2002). This phenomenon, termed
the ‘donor effect’, is familiar in clinical practice and has
been reported from other centres (Bodri et al., 2007; Gar-
cia-Velasco et al., 2003). If oocyte quality could be
improved through a better understanding of the biological
character of this donor effect, the benefits for reproductive

care would be greater than from any other breakthrough
currently envisioned.

The new data presented here reinforce these conclusions
based on egg sharing in two collaborating centres. The chief
difference with conventional egg donation is that ESPs can
be regarded as a kind of control, because their oocytes
are equally and randomly shared with ESRs. According to
the hypothesis that oocyte quality overwhelmingly deter-
mines the success of assisted reproduction treatment in
young as well as ageing women, there should be a close cor-
relation of the pregnancy rates within ESP—ESR pairs; this
was confirmed by a highly significant odds ratio and an
increase of almost 0.2 in the probability that the ESR will
be successful if the ESP became pregnant using oocytes
from the same cohort. These findings are all the more strik-
ing in view of differences in age between the two groups.
When strong candidates are identified (molecules or organ-
elles) to account for variations in oocyte competence, the
eggs of women with a history of either high or low preg-
nancy success after egg donation/sharing will provide unri-
valled opportunities for experimental validation and,
potentially, for improving clinical outcomes with assisted
reproduction treatments more generally.

In contrast, other covariates analysed were either barely
significant or non-significant, or already familiar facts of
assisted reproduction treatment. There was an inverse rela-
tionship between donor age and the number of oocytes
harvested, but although this is consistent with the decline
in total ovarian reserve, at 6% decrease in number every five
years, it does not proceed at the same rate as attrition (Faddy
etal., 1992). Differences between the rate of loss of follicles
in toto (mainly primordial follicles) and follicles that reach
ovulation size after stimulation imply that the ageing ovary
allows a larger proportion of follicles to grow to maturity
either by accelerating the rate of recruitment or by reducing
atresia. Whether changes in follicle dynamics have any bear-
ing on the observed decline in oocyte quality is however con-
jectural. The only other significant covariate was the ratio of
embryos/oocytes, which predicted the chance of pregnancy
after embryos were transferred to the donor. Since this ratio
reflects the fertilization rate, itself a key criterion of oocyte
quality, this conclusion was expected.
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