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A B S T R A C T

Modern medicine has revolutionized family planning. Remarkably, women1 can carry to term embryos with
whom they share no genetic connection, a feat made possible through egg donation and/or gestational surro-
gacy. Our reproductive systems evolved to accommodate embryos that are 50% related to the carrier, not 0%
related. Here, we apply evolutionary theory to explain how and why pregnancy is riskier with an unrelated
embryo. When a woman gestates an unrelated embryo, she is significantly more likely to develop preeclampsia
and other diseases above and beyond the known risks associated with advanced maternal age, IVF, multiple
gestation, and subfertility. Such “allogeneic pregnancies” are riskier even in fertile, healthy, commercial sur-
rogates and when the egg is donated by a young, healthy donor. We propose that unrelated embryos present a
special immune challenge to the gestational carrier, because they have fewer matching genes to the maternal
body—therefore exacerbating symptoms of evolutionary maternal-fetal conflict. Indeed, maternal risks seem
lower when the embryo is more related to the carrier, e.g., if a sister donates the egg. Finally, we discuss
microchimerism in egg donation pregnancies, whereby wholly foreign cells pass from mother to embryo and
vice-versa. We conclude with several medical proposals. First, egg donors and surrogates should be informed of
the increased health risks they would face. In considerations of risk, these young, fertile women should not be
compared to older, infertile women undergoing IVF; the proper comparison group is other young, fertile women.
Second, contrary to some medical advice, perhaps genetically-related egg donors and surrogates should be
preferred, all else equal. An immunological matching scheme, like what is used for organ transplants, could
improve surrogate pregnancy outcomes. Third, more research is needed on microchimerism, sperm exposure,
and the long-term impacts of allogeneic pregnancies on maternal and child health.

1. Introduction

Modern fertility medicine can produce outcomes that were once
considered impossible. Since the 1980s, the use of assisted reproductive
technologies (ART) has increased dramatically, sometimes with
impressive results. Women can receive a whole-uterine transplant and
then give birth to healthy babies [1,2]. Grandmothers have gestated
their own grandchildren using eggs donated from their daughters and
sperm from their sons-in-law [3]. People with ‘Swyer syndrome’ (46,XY
Sry mutation) have given birth with a donated egg after being induced to
undergo puberty [4]. Beyond issues of infertility, assisted reproductive

technology enables more LGBTQ+ couples to produce a genetically
related child: e.g., gay men can donate sperm to a gestational surrogate,
and lesbian couples can opt for “shared motherhood,” by which one
mother donates the egg and the other gestates the baby. Assisted
reproductive technologies make possible what was once the realm of
science fiction.

One might suspect that evolution could not possibly prepare a female
body to gestate a fetus to which she is wholly unrelated. And yet, thanks
to the power of egg donorship and assisted reproductive technology,
more and more infants are born each year from donor eggs. The CDC
reports that in 2021 in the USA, 4.4% of assisted reproductive embryo
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transfer cycles used gestational surrogacy, where someone else gestated
the intended parents’ embryo (n = 8,862 cycles). Further, 28,252 cycles
used a donor egg or embryo while 217,835 used the patient’s own egg/
embryo [5]. However, we do not fully understand the physiological
consequences of many reproductive technologies. When people use their
own gametes to make a child with technological assistance, such as
through in-vitro fertilization (IVF), the question is whether the pro-
cedures that are used to correct infertility are associated with other
problems. Here, we focus on a special case that is interesting from an
evolutionary perspective: when a woman gestates a wholly unrelated
embryo through egg donation or gestational surrogacy. For gestational
surrogacy to work, the maternal immune system must tolerate–and
indeed, support–a totally foreign fetus.

To comprehensively discuss the spectrum of pregnancies that are
now possible, we first must define our terminology (Box 1). In this paper,
we use the term gestational carrier to refer to the body that is gestating
the pregnancy, which may or may not be the intended mother, and may
or may not be genetically related to the embryo. We use two terms to
refer to pregnancies depending on how related the carrier is to the
embryo: allogeneic (0% related) and semi-allogeneic (50% related, as in
traditional pregnancies). Allogeneic pregnancy will refer to a pregnancy
in which the ovum used to make the embryo originated in a different
body from the body gestating the pregnancy; this could include a
gestational surrogate or an intended mother using a donor egg. Relat-
edly, an allogeneic embryo refers to an embryo that is gestated in a
different body from which it originated. Semi-allogeneic pregnancy refers
to typical pregnancies, where the embryo is 50% related to the gesta-
tional carrier and 50% related to the sperm provider. That is, the ovum
used to create the embryo is derived from the same body that gestates
the pregnancy (what one might think of as a “natural” pregnancy). We
note that some pregnancies are a special case where the embryo is
somewhat–but <50%–related to its carrier, e.g., 25% if a genetic sister
donates the egg. This is a middle ground between allogeneic and semi-
allogeneic pregnancies (see Section 4).

Gestational surrogacy and pregnancy through egg donation are, by
and large, the same biomedical phenomenon. In both cases, a gestational
carrier gestates an allogeneic embryo (i.e., an embryo to which she is not
related). Perhaps the largest difference is that gestational surrogates are
typically healthier andmore fertile thanmothers who use traditional IVF
with egg donation to bear a child. Surrogacy agencies and doctors screen
potential surrogates to ensure they are healthy and have had at least one
successful spontaneous pregnancy. In contrast, intended mothers using
IVF with an egg donor likely face one or more problems with fertility,
often due to advanced maternal age.

Before the recent advent of ovum donation, all human pregnancies
were semi-allogeneic. In such pregnancies, the ovum-derived embryonic
genome was identical by immediate genetic descent to a haploid set of
genes present in the gestating body: embryos ‘matched’ gestating bodies
with respect to ovum-derived genes but ‘mismatched’ gestating bodies
with respect to sperm-derived genes. Conversely, gestating bodies also
carried genes that ‘matched’ and ‘mismatched’ the embryo. Allogeneic
pregnancies, in which there are an absence of matching genes, are an

evolutionarily novel situation for which there can have been no prior
specific adaptations. This absence of prior adaptations makes allogeneic
pregnancies possible because such pregnancies are ‘maladaptive’ from
the perspective of the genetic fitness of gestating bodies. However, the
absence of partial matching is an immunologically and genetically novel
situation in which mechanisms that are ‘adaptive’ in the context of semi-
allogeneic pregnancies may malfunction. Semi-allogeneic pregnancy
evolved as a complex interplay of evolutionary cooperation and conflict:
cooperation because of the genes that were ‘matched’ between mother
and fetus; conflicts because of genes that were ‘mismatched’ (Haig 1993,
1996). Therefore, aspects of intergenerational conflict are expected to be
exacerbated in allogeneic pregnancies because of the absence of
‘matching’ genes.

Further, all pregnancies result in maternal-fetal microchimerism,

Box 1
Glossary.

Gestational carrier: the body that is gestating the pregnancy; may or may not be the intended mother, and may or may not be genetically
related to the embryo.

Allogeneic pregnancy: a pregnancy in which the embryo is unrelated to the gestational carrier, i.e., the ovum used to make the embryo
originated in a different body from the body gestating the pregnancy Gestational surrogates or an intended mother using a donor egg.

Semi-allogeneic pregnancy: a traditional pregnancy in which the embryo is 50% related to the gestational carrier, i.e., a pregnancy in which
the ovum used to create the embryo is derived from the same body that gestates the pregnancy.

Fig. 1. Women gestating an unrelated embryo face a higher risk of pre-
eclampsia and other conditions. Artwork modified from original work by
Esther Fadumiye.
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wherein cells from the embryo pass into the maternal body and vice
versa; these foreign cells persist in the body of both mother and child for
many decades [6,7]. In traditional (semi-allogeneic) pregnancies, the
microchimeric fetal cells found in mothers are 50% related to their
mother’s own genome; the same is true for the microchimeric maternal
cells found in their children. But in allogeneic pregnancies, micro-
chimeric cells do not match their primary genome at all. Do such wholly
foreign microchimeric cells persist in the body of mother and child–or
are they recognized as foreign and purged? For the cells that do persist,
do they confer immunological challenges?

Intrafamilial egg donorship and gestational surrogacy can offer the
opportunity to test a genetic “middle ground.” Oftentimes, a sister
agrees to participate in an allogeneic pregnancy to help her infertile
sister become a mother. This can generally happen in one of two ways:
either the fertile sister can donate the ovum for the infertile sister to
gestate, or the fertile sister can gestate an embryo conceived with an
ovum retrieved from the infertile sister. In these types of allogeneic
pregnancies, the gestational carrier is 25% related to the embryo (rather
than 50%, as in a semi-allogeneic pregnancy, or 0%, as in allogeneic
pregnancies with a non-relative). Evolutionary theory predicts that
sister-sister allogeneic pregnancies will have better maternal outcomes
than those seen in unrelated allogeneic pregnancies.

As we review in the following text, medical research has documented
the risks and outcomes of allogeneic pregnancies. However, to our
knowledge, the current paper offers the first synthesis of the existing
literature through the lens of evolutionary biology. Here, we evaluate
how and why gestating an unrelated embryo carries extra risks above
and beyond the risks inherent to assisted reproduction. In particular, we
expect aspects of intergenerational maternal-fetal conflict to be exac-
erbated in allogeneic pregnancies. We review the available evidence on
the maternal health challenges of pregnancies from gestational surro-
gacy and/or egg donation.

Consistent with evolutionary predictions, when a woman gestates a
wholly unrelated embryo, she faces health challenges above and beyond
those seen in traditional pregnancies conceived through in-vitro fertil-
ization (IVF Fig. 1). This is true for infertile intended mothers receiving
an egg donation (Section 2), where one might expect the egg to be
healthy but the uterine environment to be suboptimal, and agency-
screened gestational surrogates (Section 3), where one might expect
the uterine environment to be healthy but the egg sub-optimal. Next, we
hypothesize that unrelated embryos present a unique immune challenge
to the carrier, complicating allogeneic pregnancies. As predicted by this
hypothesis, risks seem to be lower when maternal-fetal relatedness is
higher (Section 4): e.g., some evidence shows that sister-sister “alloge-
neic” pregnancies (25% relatedness) are lower-risk than unrelated
allogeneic pregnancies (0% relatedness). Finally, we close by investi-
gating what is known about microchimerism during allogeneic preg-
nancies (Section 5). While there is still little evidence available on
microchimerism, we do know that fetal cells persist in maternal bodies
for at least nine years after pregnancy with an unrelated allogeneic
embryo [7]; we suggest that researchers consider long-term conse-
quences of microchimerism in this novel reproductive reality.

Throughout this paper we focus on maternal health risks rather than
infant health. Infants seem to face few health challenges from such
pregnancies, except a small increased likelihood of low birth weight [8].
In cases where the mother develops preeclampsia, early birth can occur,
and pregnancies with multiple embryos are riskier for the babies than
singleton births. In general, beyond the specific issue of allogeneic
pregnancy, babies born with the help of assisted reproductive technol-
ogy face slightly increased risks of certain complications in the short and
long-term, such as preterm birth and potential cardiometabolic diseases,
although evidence is mixed (see Table 1 in [9]; see also [10] for a
comparison of frozen and fresh embryo transfer).

2. Egg donorship: an intended mother gestates an unrelated
embryo

2.1. Gestating an unrelated embryo causes health problems for the carrier
above and beyond those typical of IVF

A collection of studies shows conclusively that gestating an unrelated
embryo–an “allogeneic pregnancy”–is particularly risky for the carrier,
above and beyond the normal levels of risk when undergoing IVF.

It is difficult to test whether allogeneic pregnancy is, itself, a risk
factor because gestating a donated egg coincides with other potential
risk factors such as advanced maternal age, multiple pregnancies (his-
torically induced through IVF practices), and low fertility. Many studies
of egg donorship are confounded by these features. But a carefully
controlled matched-cohort study of healthy young women showed that
allogeneic pregnancy from egg donorship is, itself, an independent risk
factor for maternal and infant health [11]. In this study, researchers
compared 259 women undergoing egg-donor-IVF/ICSI (intra-
cytoplasmic sperm injection) with 515 undergoing IVF/ICSI with their
own gametes. Embryos were transferred singly only, which removed the
confounding risk of multiple births. All women were healthy and under
the age of 40. Rodriguez-Wallberg and colleagues found that women
who received a donated egg were four times more likely to develop
hypertension disorders (adjusted odds ratio(AOR) = 4.25; 95% confi-
dence interval (CI) = [2.61–6.92]), four times more likely to have pre-
eclampsia (AOR= 3.99; 95% CI= [2.27–7.00]), more likely to require a
cesarean section (AOR = 1.69; 95% CI = [1.22–2.35]), and more at risk
for postpartum hemorrhage >1000 mL (AOR = 1.59; 95% CI =

[1.11–2.27]) [11]. Overall, 44.7% of donor recipients experienced one
or more pregnancy complications (compared to 30.6% of the control
group). All risks were calculated in comparison to the control group,
women undergoing IVF/ICSI with their own egg matched by age, IVF or
ICSI, and year of transfer. In Rodriguez-Wallberg’s study, all egg donors
were unrelated to the intended parents and chose to donate eggs out of a
sense of altruism.

Other well-controlled studies support the finding that receiving a
donated egg is itself a risk factor above and beyond IVF. Evidence sug-
gests that pregnancies using donated eggs also have a significantly
higher incidence of postpartum hemorrhage [12]. Klatsky and col-
leagues found that allogeneic pregnancies resulting from egg donorship
had a significantly higher risk of hypertension (n = 19.77, 24.7% vs n =

6/81, 7.4%, AOR = 4.2, 95% CI = [1.5–11.9]) and preeclampsia (n =

13/77, 16.9% vs n = 4/81, 4.9%, AOR = 4.0, 95% CI = [1.2–13.8])
compared to matched controls [13]. In another study, egg donor re-
cipients were more likely to experience hypertension (n= 22/139, 16%)
compared to matched control mothers undergoing IVF with their own
eggs (n = 7/126, 5.5%) [14]; all pregnancies were single gestations.
When Levron et al. bucketed health outcomes by (i) hypertensive disease
or (ii) placental disease, controlling for maternal age, health, and other
factors in a regression model, they found that egg donor recipients had
higher odds of developing any hypertensive disease (AOR = 2.52; 95%
CI = [1.18–5.35]) and any placental disease (AOR = 2.4; 95% CI =
[1.22–4.78]) [14].

Further, the available meta-analyses support the conclusion that egg
donorship increases the risk of pregnancy complications–particularly
hypertensive diseases, and likely also postpartum hemorrhage and
placental diseases [8,12,15–21]. In a large systemic meta-analysis,
Storgaard and colleagues gathered 35 studies to evaluate the health
outcomes of >16,000 egg donation pregnancies compared to >118,000
pregnancies conceived by IVF/ICSI and 1,000,000 spontaneously
conceived pregnancies [21]. Singleton pregnancies with a donated egg
faced a higher risk of hypertensive diseases, preeclampsia, low birth-
weight, preterm birth, and c-section than in IVF pregnancies with the
mother’s egg (AORs ranged from 1.55 to 3.31). Preeclampsia was the
greatest risk of receiving a donated egg. After additional statistical an-
alyses, the authors concluded that postpartum hemorrhage was also

D.E. McCoy et al.



Early Human Development 196 (2024) 106072

4

more likely in mothers who received a donated egg compared to those
undergoing IVF with their own egg. Interestingly, there was no
increased risk of developing gestational diabetes and few small-for-
gestational-age neonates.

A second large meta-analysis showed that pregnancies conceived
with an egg donor were 4–5 times more likely to develop preeclampsia
than natural conceptions and 2–3 times more likely than IVF concep-
tions with one’s own egg ([16]; n = 7089 egg donation pregnancies, n =

1,139,540 natural conceptions, n = 72,742 IVF pregnancies; for egg
donation versus natural conception, pooled OR = 5.09, 95% CI =

[4.29–6.04]; for egg donation versus IVF, pooled OR = 2.97, 95% CI =
[2.49–3.53]). Statistically, 5.9% of IVF users will develop preeclampsia,
but egg donation likely increases the risk to 13.5% - 18.0%. Put another
way, one in six women who use an egg donor will develop preeclampsia
[16].

Additionally, placental complications (many immunological) are
significantly more common in allogeneic pregnancies conceived through
egg donorship [22]. The placenta is a fetally-derived organ that in-
terfaces extremely closely with thematernal body. The authors state that
placentae in allogeneic pregnancies show symptoms of a host-versus-
graft rejection phenotype: T helper and natural killer cells were more
abundant, as was trophoblast damage and fibroids with chronic decid-
uitis [22]. In another study, placentae from allogeneic egg donor preg-
nancies had significantly higher incidences of chronic villitis (n= 12/36
vs n = 1/55), chronic deciduitis (n = 5/26 vs n = 1/55), increased
perivillous fibrin (n = 10/36 vs n = 2/55), infarction (n = 11/36 vs n =

2/55), and intervillous thrombi (n= 5/36 vs n= 0/55) – strong evidence
of an immune-mediated response to an allogeneic embryo [23].

2.2. Lesbian couples opting for shared motherhood may face higher odds
of preeclampsia

Keukens and colleagues [16] raise the case of shared motherhood in
lesbian couples, by which one mother donates the egg and the other
mother gestates the embryo; this situation allows both mothers to be
biologically connected to their child. Through the phenomenon of
microchimerism, the gestational carrier mother will swap cells with the
fetus. These cells persist for many decades and have various phenotypic
impacts ([7,24–26]; see Section 5 below). Even cells from an allogeneic
fetus linger in the gestational carrier’s body [7]. Thanks to micro-
chimerism, the shared motherhood approach is indeed, physiologically,
shared motherhood.

Based on what is known in allogeneic pregnancies generally (see
previous sections), one would predict that preeclampsia and other
complications will be higher in sharedmotherhood pregnancies. Lesbian
couples likely do not have infertility issues, but recall that the risk of
complications is higher with allogeneic pregnancies even in young,
healthy, fertile, agency-screened gestational surrogates.

Indeed, in lesbian mothers who use the shared motherhood
approach, the odds of preeclampsia are significantly higher for twin
births, and non-significantly higher for singleton births (singletons: OR
= 1.9, 95% CI = [0.7–5.2]; twins: OR = 21.7, 95% CI = [2.8–289.4])
[27]. In this study, Matorras and colleagues compared 660 IVF shared
motherhood cycles to 4,349 typical sperm donor cycles (where the
gestational carrier used her own egg with intra-uterine insemination),
and controlled for maternal age [27]. The control and test group were
not exactly the same, though, because one used IVF and one used intra-
uterine insemination. While health outcomes for the gestational carriers
were worse with the shared motherhood approach, studies of live birth
outcomes indicate similar outcomes for babies from both the shared
motherhood (allogeneic) and IVF/intrauterine insemination (semi-
allogeneic) approaches [28]. Lesbian couples seeking shared mother-
hood typically undergo egg donation and allogeneic pregnancies for
different reasons than infertile women. Mochtar and colleagues write
that oocyte donation “should not be offered lightly to fertile, normal
cycling women” [29]. In general, these studies provide data on risks and

benefits for lesbian couples to consider as they choose how to conceive a
child.

3. Gestational surrogacy: a healthy woman gestates an
unrelated embryo for the intended parents

In the medical field, most studies and reviews of the health conse-
quences of egg donorship compare mothers who received an egg donor
with demographically-matched mothers undergoing IVF/ICSI (see Sec-
tion 2). In this manner, doctors can isolate the health risks of egg
donorship from the known health risks of (i) assisted reproductive
technology itself (e.g., implanting an embryo) and (ii) maternal infer-
tility and advanced maternal age. However, from an evolutionary
perspective it is interesting to consider how healthy mothers who pre-
viously experienced uncomplicated childbirths would react to gestating
an unrelated embryo. For this, we can turn to the literature on gesta-
tional surrogacy.

To become a gestational surrogate, women must typically fulfill a
variety of conditions that demonstrate their health [30], including
having had at least one successful and uncomplicated pregnancy. Many
have written about how gestational surrogacy impacts infant health as
well as the psychosocial lives of parents, children, and gestational car-
riers (see [31] for review). It is more difficult to determine the health
risks for the gestational carrier, in part because the control group is not
clear. A gestational carrier may wish to know how risky gestational
surrogacy will be compared to her own previous traditional pregnancies.
But in many cases, surrogate outcomes are compared to traditional IVF
outcomes in subfertile intended parents. As you can see, these control
groups are polar opposites: one is selected for maternal health and
fertility (gestational carriers’ prior births) and one is known to have
below average fertility (intended parents undergoing assisted
reproduction).

Surrogates commissioned to carry an unrelated embryo face higher
health risks than they do in their own spontaneously conceived preg-
nancies (Sections 3.1, 3.2, 3.3, and 3.4). The medical literature does not
always acknowledge the increased risks. For example, one clinical
opinion paper found “no evidence of substantial adverse medical or
psychological outcomes” for gestational carriers; but this compares
carriers to intended mothers who undergo assisted reproduction them-
selves [30]. The claim of no adverse impacts for gestational carriers is
flawed for two reasons. First, intended mothers undergoing assisted
reproduction are not the appropriate control group for healthy surro-
gates. The intended mother is likely at risk of high complications, due to
subfertility and/or advanced maternal age, whereas surrogates are
screened for fertility and health. Second, evidence shows that gesta-
tional surrogates clearly experience a higher-risk pregnancy compared
to their past, spontaneous, typically uncomplicated pregnancies: in
surrogacy, (i) embryos are unrelated and (ii) IVF protocols are used,
both of which independently confer additional risk.

If doctors tend to compare the risks of gestational surrogacy with the
risks of assisted reproduction, they are not adequately informing po-
tential surrogates of the increased risk to themselves. Further, many
scholars have raised concerns about other aspects of informed consent
for gestational surrogacy. In India from 2012 to 2013, before gestational
surrogacy was banned, researchers found that 0 of 14 surrogates could
explain the risks involved [32]. Writing in the North Carolina Journal of
International Law, Pamela Laufer-Ukele points out that many gesta-
tional surrogates are pressured to waive informed consent or accede to
demands from intended parents regarding medical procedures. For
example, many surrogates sign contracts agreeing to a large list of
medical procedures before they have met with doctors [33]. In general,
only women who have had a successful pregnancy can be gestational
surrogates because of “prolonged, intense, and unique nature” of preg-
nancy [34]. Following the same reasoning, we suggest that informed
consent should include the understanding that the pregnancy is likely to
be more complicated than the carrier’s previous experiences.

D.E. McCoy et al.
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3.1. Gestational surrogates of unrelated embryos face worse pregnancy
complications across the board compared to spontaneous and traditional
IVF pregnancies

Woo and colleagues compared gestational surrogate (allogeneic)
pregnancies with traditional, spontaneous (semi-allogeneic) pregnan-
cies conceived naturally by the same women who also served as surro-
gates [35]. They analyzed 249 spontaneous singleton pregnancies and
103 commissioned surrogate pregnancies in those 124 women, and
found worse maternal outcomes across the board for surrogate preg-
nancies [35]. Gestational surrogate pregnancies had significantly higher
rates of gestational diabetes (n = 7/103, 6.8% vs n = 3/249, 1.2%),
hypertension (n = 7/103, 6.8% vs n = 7/249, 2.81%), use of amnio-
centesis (n = 7/103, 6.8% vs n = 0/249, 0%), placenta previa (n = 5/
103, 4.9%, n = 3/249, 1.2%), antibiotic requirement during labor (n =

5/103, 6.2% vs n = 1/249, 0.5%), and c-sections (n = 19/103, 19.0% vs
n = 18/249, 8.7%). Note that most of those c-sections appear to have
been planned—possibly so that the intended parents could attend.
Furthermore, mothers had a higher complication rate in surrogate
pregnancies compared to spontaneous pregnancies for ten of eleven
measured complications (the only exception being meconium compli-
cations). In the same study, the authors showed that surrogate births
were more often preterm, lower birth weight, and lower mean gesta-
tional age at delivery [35]. It is interesting that amniocentesis was more
common; perhaps parents using surrogates are more risk-averse.

3.2. Increased complication rates of surrogate pregnancy persist when
healthy donor eggs and sperm are used; therefore, risks do not arise merely
from “unhealthy” embryos

In Woo’s study [35], the surrogates were gestating an embryo that
originated from parents who could not, for one reason or another,
gestate the embryo themselves. This raises a question: perhaps those
embryos are sub-optimal, and it is the poor-quality embryo that creates a
higher risk pregnancy. To control for this effect, Pavlovic and colleagues
assessed health outcomes of surrogates for gay men or single intended
fathers [36]. These surrogates received a donor egg from screened,
healthy 21–28 year old egg donors and sperm from the healthy intended
fathers [36]. For 66 surrogates, Pavlovic analyzed data on 78 commis-
sioned surrogate pregnancies (allogeneic) and 71 spontaneous singleton
pregnancies (semi-allogeneic). In other words, the authors compared the
women’s own traditional pregnancies with the pregnancies where they
carried an unrelated embryo for the intended fathers. Commissioned
surrogate pregnancies were 3.3 times more likely to include one or more
complications even after controlling for the surrogate’s age (n = 20/78
cycles, 25.6% vs n = 7/71 pregnancies, 9.9%). For example, 7 of 78
surrogate pregnancies (9%) had preeclampsia compared with 1 of 71
spontaneous pregnancies (1.1%). Gestational age at birth was also
significantly lower in surrogate pregnancies. These results were signif-
icant after adjusting for age, since mothers are typically older when they
serve as surrogates (having already had one or more spontaneous
pregnancies is often a requirement for gestational surrogacy).

It is surprising that health challenges are worse in surrogate preg-
nancies, both because those women had undergone uncomplicated
pregnancies before and because negative maternal health outcomes are
typically lower in second (and beyond) births. However, allogeneic
pregnancies seem riskier in general (see Section 2). Further, pregnancies
tend to suffer more complications when women switch partners,
possibly because prolonged exposure to a male’s semen and sperm im-
proves pregnancy outcomes [37–40]; surrogates usually have had no
exposure to the genetic father’s sperm and semen prior to gestating the
pregnancy.

3.3. Certain very rare, dangerous complications of pregnancy are more
frequent in surrogate pregnancies

Further, some ultra-rare and dangerous complications have been
reported in a small series of surrogate pregnancies, such as hysterec-
tomies due to major uterine damage. In a systemic review of 284 de-
liveries described in case reports and studies on obstetric outcomes from
gestational surrogacy, Söderström-Antilla and colleagues confirmed that
surrogate pregnancies are risky: 3.2–10% developed hypertensive dis-
orders and 1.1–7.9% developed placenta previa/placental abruption
[31]. Further, in three surrogate pregnancies, the surrogate had to have
a hysterectomy due to critical complications: uterine atony, placenta
accreta and uterine rupture [31]. Two of these three cases involved
pregnancies with multiple embryos. These numbers were calculated
based on 284 deliveries, 28 of which were actually traditional surrogacy
where the carrier’s own egg was used (i.e., semi-allogeneic). In these
semi-allogeneic surrogacy cases, rates of complication were lower than
in cases using an egg donor (allogeneic).

In 1% of surrogate pregnancies in the meta-analysis (3/284 studied;
[31]), the surrogate underwent a peripartum hysterectomy–an
extremely rare emergency treatment which has a general incidence of
0.0007% in high-income countries and 0.0011% globally [41]. In one
case, the gestational carrier sustained a uterine rupture with no pre-
existing uterine scar [42]–an event so rare it occurs in only one in
16,849 deliveries [43]. From these small sample sizes, we can tenta-
tively conclude that surrogates are 900 to 1400 times more likely to
require emergency hysterectomies than the average pregnant woman.
Other data supports the starkly increased risk of hysterectomy from
gestational surrogacy: in a controlled study comparing egg-donation
pregnancies to traditional IVF, 3.8% of the egg donation pregnancies
resulted in a postpartum hysterectomy (n = 3/79) compared to only
0.4% in traditional IVF (n = 1/234) [44]–a > 9-fold increase in risk.

3.4. Multiple embryo transfer–a major health risk to the carrier–is more
common in surrogacy than in traditional IVF

In general, gestational carriers have more implantations, sustained
pregnancies, and live births with a donor egg (allogeneic pregnancy)
than do intended parents who gestate their own embryos (semi-alloge-
neic pregnancy) [45,46]. Since surrogates are screened for fertility and
health, this is not surprising. Multiple embryo transfer is a primary
known risk factor in any IVF-related assisted reproductive technology,
including gestational surrogacy, and yet a recent review of surrogacy in
the USA found that single embryo transfer was used in only 15% of cases
[46]. Indeed, multiple embryo transfer was more common in surrogates
than in intended parents undergoing IVF and pregnancy themselves
[45]. Perhaps providers and intended parents decide to transfer more
embryos to gestational carriers because surrogates are screened for
health, and may therefore be considered better able to sustain complex
pregnancies. A more cynical interpretation is that intended parents wish
to get more “bang for their buck.” Surrogacy is expensive. One might
conclude that intended parents (and practitioners) are prepared to take
greater risks with the body of the surrogate than with their own bodies.

4. Higher relatedness may reduce complications in allogeneic
pregnancies

Evolutionary theory predicts that the maternal body will be more
tolerant of a developing embryo that is genetically related to her. The
maternal body may be less immunologically tolerant of a fetus that is
100% foreign rather than 50% foreign (semi-allogeneic). In the case of
egg donorship pregnancies or surrogacy with a donated embryo, the
gestational carrier is often unrelated to the embryo (allogeneic preg-
nancies). Indeed, allogeneic pregnancies cause more complications,
such as preeclampsia and pathological placentation, which are attrib-
uted to immunological problems [8,22,23].
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We may therefore predict that pregnancy will be more successful in
cases where the allogeneic embryo happens to be a closer genetic or
immunological match to the gestational carrier. Two lines of evidence
support these evolutionary predictions: pregnancies seem to be less
complicated when (i) a sister donates the egg rather than an unrelated
individual, and (ii) the unrelated embryo happens to share more HLA
types with their gestational carrier. That sister egg donations cause
fewer complications is particularly strong evidence for the power of
relatedness, given that sisters may be less healthy than agency-recruited
egg donors (due to age, health status, and perhaps even sharing genetic
traits with a subfertile sister).

Generally, if further research supports the idea that higher related-
ness between carrier and embryo improves pregnancy outcomes, this
opens interesting new avenues for egg donorship and gestational sur-
rogacy screening programs. Perhaps intended parents could be matched
with potential donors/surrogates based on genotyping and predictions
of immunological compatibility, much the same way that kidney donors
are screened for compatibility [81–84]. A market design mimicking
kidney markets could also expand the pool of potential donors and
surrogates.

Immunological response is not the only factor which may increase
the risks of an egg donation pregnancy. Versen-Höynck and Griesinger
[47] argue that egg donation pregnancies are riskier because the corpus
luteum is absent. The corpus luteum is a temporary organ that develops
on the ovary after ovulation, producing progesterone and other hor-
mones required for a healthy pregnancy until the placenta has grown
enough to take on that responsibility. In the programmed (i.e., artificial
or hormone replacement therapy) cycles used in egg donation, the
gestational carrier does not ovulate and therefore does not develop a
corpus luteum in early pregnancy. Ovulation is suppressed so that em-
bryo transfer can be aligned with the time when donor oocytes become
available as well as to comply with the logistical/organizational needs of
IVF clinics. The absence of a corpus luteum may well contribute to the
increased risks of carrying an egg-donor pregnancy–an interesting idea
worthy of further research.

4.1. Eggs donated by sisters may lead to fewer pregnancy complications
than unrelated eggs

The first reported case of a familial gestational carrier was published
in 1986, when a sister’s egg was transferred into the intended mother’s
womb [48]. Shortly thereafter in 1988, the reverse occurred: the sister
gestated an embryo made with the intended mother’s egg [49]. Since
then, many women have borne children using an egg donated from a
sister, and many sisters have gestated an allogeneic donor embryo from
their sister and brother-in-law. These cases present an opportunity to
investigate the health consequences of gestating a more-allogeneic em-
bryo (25% related)–less related to the carrier than the 50% of traditional
pregnancy, but >0% related, as in the typical allogeneic pregnancy.
Several studies hint at the result predicted by evolutionary theory: it is
less risky to gestate a slightly-related embryo than a wholly-unrelated
embryo.

Kim and colleagues showed that mothers receiving an egg from a
sister had better pregnancy outcomes than those receiving from an un-
related donor [50]. Specifically, for 61 oocyte donation pregnancies
compared to 127 traditional IVF pregnancies, the rates of pregnancy-
induced hypertension were 20% among non-sister egg donors, 8%
among sister egg donors, and 3.7% for standard IVF [50]. Non-sister egg
donor pregnancies were significantly more likely to develop hyperten-
sion, with 6.5-fold greater risk (p = 0.03) than sister egg donor preg-
nancies. This study was reported as an abstract in a booklet of
presentation abstracts, and the sample size for sister-donor pregnancies
vs non-sister donor pregnancies was not reported.

In another study viewable only as an online abstract, Yang and col-
leagues [51] showed that early pregnancy loss and pregnancy-induced
hypertension were “much higher” likelihood in carriers gestating an

unrelated embryo versus an embryo where the egg was donated by a
sibling. Gestational carriers with a non-sister donor lost the pregnancies
early in 42.3% of cases (n = 11/26) compared to only 23.4% of tradi-
tional IVF pregnancies (n = 32/137). Gestational carriers with a non-
sister donor experienced hypertension in 38.5% of pregnancies (n =

5/13), significantly more than the 8.8% of traditional IVF pregnancies
(n = 9/102). The control group (traditional IVF) was matched to the
oocyte donor group by age, parity, and multiple pregnancy. Apparently,
data on hypertension and early pregnancy loss were not available for all
pregnancies; overall the authors examined 37 oocyte donation preg-
nancies and 137 traditional IVF pregnancies. Some of the authors and
dates overlap between [50,51]; it is therefore possible that the studied
populations also overlap.

Two studies found that familial egg donors generally were no
different from unrelated egg donors on a different set of outcomes,
including ovarian responsiveness, birth weight, and live birth vs.
miscarriage rate. Since these studies did not include hypertension and
other maternal diseases of pregnancy, they are not directly comparable
to Kim et al. [50] and Yang et al. [51]. Hasson et al. [52] found that
ovarian and birth outcomes did not differ between pregnancies
conceived with a family member’s egg versus a stranger’s egg (n = 124
from family members; n = 306 from unrelated donors). Outcomes were
similar despite the fact that sister donors tended to be older, less
responsive to ovarian stimulation, and with fewer ovarian reserves than
non-sister donors. Similarly, Sung et al. found no difference in implan-
tation and success rates between pregnancies with sister donors (n= 13)
and non-sister donors (n = 66) to women with primary ovarian failure,
but more cycles were canceled in sister-donor cases due to poor ovarian
response [53]. Sung et al. [53] discuss the idea that sisters may be a poor
choice for egg donors because they are genetically related to an infertile
woman and may, therefore, have some traits that make pregnancy more
difficult themselves.

In general, sister egg donors are likely less physiologically suitable
candidates for egg donorship than young and healthy agency-screened
egg donors. Therefore, it is surprising that sister-donor pregnancies
have lower rates of complications [50,51] and no difference in im-
plantation and birth outcomes [52,53]. Carriers who are more related to
the embryo they gestate seem to fare better based on these small sample
sizes.

4.2. Egg donor pregnancies may be more successful and uncomplicated
with higher HLA matching between carrier and embryo

Evolutionary theory predicts that allogeneic embryos that seem less
threatening (i.e., foreign) to a maternal immune system may result in
more successful pregnancies. The human leukocyte antigen (HLA) gene
complex is a highly diverse set of genes which play a major role in the
immune system.

Lashley et al. (2015) showed that successful, uncomplicated preg-
nancies using an unrelated egg donor had a significantly higher-than-
chance incidence of HLA matching between gestational mother and
offspring [54]. The authors tested the HLA types HLAA, -B, -C, -DR, and
-DQB for 75 mothers and their offspring conceived through successful
egg donation. They found a significantly higher proportion of mother/
offspring pairs with greater than or equal to five HLA matches (out of a
possible 10) than expected (observed = 20, 26.7%; expected = 11,
14.7%) [54].

In a follow-up study, van Bentem and colleagues [55] showed that
the development of preeclampsia in egg donor pregnancies was signif-
icantly associated with HLA class II mismatches between mother and
fetus (OR = 3.8, 95% CI: 1.6–9.0; p = 0.003) [55]. The authors analyzed
76 singleton egg donor pregnancies, of which 13 developed pre-
eclampsia. Mothers and neonates with more HLA class II mismatches
were more likely to develop preeclampsia (odds ratio = 3.8, 95% CI =
[1.6–9.0]; pregnancies with 2 HLA class II mismatches= 76.9%, n= 10/
13, for preeclampsia pregnancies and 41.3%, n = 26/63 uncomplicated
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pregnancies).
The story of immunological tolerance of pregnancy is, however,

complicated [56]. The trophoblast has very low expression levels of
classical HLA genes, presumed to be an adaptation to avoid immuno-
logical detection and destruction by the maternal body [57]. However,
HLA matches play a role in later pregnancy and in the development of
preeclampsia [56].

4.3. Further research is needed to determine whether dizygotic twins
confer a greater immune stress than monozygotic twins

If we are considering the potential cost of genetic mismatch on the
gestational carrier, one might predict that dizygotic twins, with two
separate genomes, may confer a greater immunological challenge to the
gestational carrier compared to monozygotic twins, even in traditional
semi-allogeneic pregnancies. However, research finds mixed results, and
zygosity itself is confounded by chorionicity—the number of placentae.
Essentially all dizygotic twins are dichorionic (but see [58]), and
essentially all monochorionic twins are monozygotic (though some
monozygotic twins are dichorionic). Two placentae, rather than one,
may be an independent risk factor. Some studies find that carriers of
dichorionic or dizygotic twins have greater odds of developing pre-
eclampsia/hypertension [59–62] and/or gestational diabetes [61,63];
for example, Sparks and colleagues found that preeclampsia developed
in 21.1% (104/492) of dichorionic and 10.8% (22/203) of mono-
chorionic pregnancies (p = 0.001; [59]). Others find no difference in
preeclampsia rates between mono- and dizygotic, or mono- and
dichorionic, pregnancies [64–66]; at least one study found that mono-
chorionic or monozygotic pregnancies have higher odds of developing
preeclampsia [67]. Confounding maternal factors may obscure the re-
sults [65], e.g., monozygotic twins are relatively more common in
younger women, and monozygotic twins tend to deliver earlier. Both
maternal age and fetal age-at-birth influence preeclampsia. Mono-
chorionic twins are at risk of twin-twin transfusion syndrome, which
may increase the risk of preeclampsia likely due to slowed growth rather
than immunological challenge. Additionally, if there are fetal risk alleles
for preeclampsia even at "non-immunological loci," mothers will be
subject to increased exposure to these fetal alleles in dizygotic twins.

Further research is needed on twin zygosity and the immune chal-
lenge to the gestational carrier, particularly in the age of cheap geno-
typing. Studies could identify the risk of preeclampsia based on (i)
whether twins are dizygotic, and (ii) how many total HLA-mismatches
occur between the twins’ genomes and the maternal genome.

By the same reasoning, we expect that triplet and higher-order
pregnancies would have higher rates of preeclampsia in a dose-
response manner according to the number of genomes present. Indeed,
several studies show that the risk of preeclampsia and other diseases of
pregnancy increases along a dose-response curve based on the number of
embryos [68–71]. For example, when some triplet pregnancies achieved
through IVF were reduced to twin pregnancies, the twin pregnancies had
a lower rate of pre-eclampsia (15.8%, n = 6/38) than the matched
unreduced triplet pregnancies (44.7%, n = 17/38) [69]. However, for
higher-order pregnancies it is difficult to disentangle the specific effect
of greater genetic mismatch from the general higher burden on a
gestational carrier with each additional embryo.

5. Microchimerism may influence egg donor pregnancies and
surrogates

Microchimerism in egg donor pregnancies is understudied and little
understood [8]. In traditional semi-allogeneic pregnancies, cells derived
from the fetus colonize maternal bodies where they can persist for many
years, and cells derived from mothers can cross the placenta and simi-
larly colonize fetal bodies [26]. These phenomena are known as fetal
microchimerism (offspring cells in a mother’s body) and maternal
microchimerism (maternal cells in a child’s body). These cells can

persist for as long as we have measured them. In fact, pregnant women
harbor microchimeric cells from their own mothers—“grandmaternal
microchimerism”—which increase in frequency as the pregnancy goes
on (by 12.7-fold from trimester to trimester [72]).

The microchimeric cell populations in maternal bodies have been
implicated in health benefits for mothers (e.g., in tissue repair) and
health problems for mothers (e.g., in some autoimmune diseases).
Possible evolutionary implications of microchimerism have been
considered in the context of the semi-allogeneic cells that our bodies
have evolved with [24,25]. The implications of harboring allogeneic
microchimeric fetal cells in the maternal body (and vice versa) for a
sustained duration have not begun to be understood, but in this section
we present potential outcomes based on what we do know.

5.1. Allogeneic cells from a wholly unrelated fetus can persist in a
gestational carrier, through microchimerism, for at least nine years

One study has shown that cells derived from fetuses in allogeneic
pregnancies can colonize maternal bodies and persist for at least nine
years [7].

Williams et al. recruited 11 women who had conceived a male child
using an egg donor, and they excluded any women who might carry
male cells because of prior pregnancies, blood transfusions, organ
transplants, or a male twin [7]. As a control population, they recruited
eight women who used a donor egg to conceive a female child. Five of
the 11 women who birthed males through egg donorship had cells with
Y chromosomes present in their bloodstream, detected through the
presence of the gene DYS14. None of the 8 women who birthed females
through egg donorship showed the presence of Y chromosomes. Mean
time since pregnancy was 56.0 months (SD 28.8) in the microchimeric
group of mothers of males and 43.5 (SD 29.0) months in the non-
microchimeric group of mothers of males.

But, to our knowledge, there have been no studies that inquire
whether there are any health consequences from a body containing
allogeneic microchimeric cells rather than semi-allogeneic cells. We
suggest that researchers consider using animal models to investigate the
health consequences of microchimerism in allogeneic pregnancies. For
example, many studies of mice employ surrogate mothers to genetically
modified embryos. What evidence of foreign allogeneic cells can be
found in the gestating body and the newly-born mouse after the preg-
nancy? Do surrogate mothers, and pups born to surrogates, face immune
challenges? Are microchimeric cells present at higher or lower fre-
quency in a body when they are a total, rather than 50%, mismatch to
the host genome?

5.2. Microchimerism may play a role in the health and disease of
gestational carriers and children born from allogeneic pregnancies: what
we can predict from indirect evidence

Microchimerism is implicated in the development of preeclampsia:
mothers with preeclampsia have higher amounts of circulating fetal cells
[72–74]. These studies tend to have small sample sizes but striking re-
sults. In 1988, Holzgreve and colleagues [73] showed that erythroblasts
in maternal blood had significantly more fetally-derived cells in eight
pre-eclamptic patients (9 cells per 1000, range 4–21) compared to eight
uncomplicated pregnancies (2 cells per 1000, range 0–6). Decades later,
in 2022, McCartney and colleagues [74] showed that immune cells in
maternal blood from 16 preeclamptic patients had a significantly higher
concentration of fetally-derived cells compared to 16 controls, measured
using quantitative genetics and expressed in units of fetal genome
equivalents per 10,000 maternal genome equivalents (gEq/105gEq)
[74]. Specifically, they found significantly higher levels of fetally-
derived B cells (mean concentration = 2 vs 74 gEq/105gEq) and Natu-
ral Killer NK cells (6 vs 20 gEq/105gEq). Concentrations of fetally-
derived cells were also non-significantly higher for T cells, Tregs, and
monocytes in pre-eclamptic mothers [74].
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In general, very little is known about the fate and effects of micro-
chimeric cells in both the gestational carrier and the child after an
allogeneic pregnancy. However, gestational surrogates, recipients of egg
donation, and children born through these processes should be followed
for any evidence of immunological disease after a successful pregnancy.
How numerous are microchimeric cells in such populations compared to
traditionally reproducing populations? Among women with allogeneic
pregnancies, are microchimeric cell counts correlated with the degree of
HLA mismatch between egg donor and recipient?

6. Egg donors may experience health risks from donating eggs

Little is known about the risks of donating eggs. Egg donation is
unusual in that young, healthy women undergo assisted reproductive
procedures not to form their own offspring but to receive financial
compensation (or for the sake of altruism). Often, researchers compare
the health risks of oocyte donation to the health risks of undergoing IVF.
However, are the two situations comparable? Someone may be more
willing to undergo health risks for the sake of producing children than
they would be for the sake of making several thousand dollars. Further,
potential egg donors may wish to understand the health risks from
donating eggs compared to opting out—not the health risks of donating
eggs compared to the risks of IVF in an older and less fertile population
of women. Nonetheless, the bulk of research compares the incidence of
complications between oocyte donors and IVF participants. Researchers
have found that egg donors typically are not aware enough of the
medical and psychosocial risks of egg donation [75,76].

In one study, researchers looked at rates of minor and severe com-
plications from 587 women who participated in 973 cycles and 886 egg
retrievals [77]. Six patients (0.7%) experienced severe complications
that required hospitalization, including ovarian hyperstimulation syn-
drome (OHSS), ovarian torsion, infection, and a ruptured ovarian cyst.
As for minor complications, in 75 of 886 cycles (8.5%), the egg donor
had a complication requiring at least one visit to the medical office,
including 56 cases of mild or moderate OHSS, and in 36 cycles (4.2%)
donors called the office to discuss symptoms of some kind that did not
require a visit.

Two further studies showed that all cases of OHSS occurred when
hCG was used as a triggering agent and none occurred when GnRH was
used as the trigger. Bodri and colleagues researched 4,052 egg donation
cycles from 1,917 donors, and found low complication rates: 22 donors
experienced moderate to severe OHSS, 11 of which needed to be
admitted to the hospital, and 17 patients experienced other complica-
tions, 14 of which required hospitalization and six of which required
surgery [78]. The most common complication other than OHSS was
intra-abdominal bleeding (n = 14). OHSS only occurred in patients
where hCG was used as a triggering agent (0.87%) rather than a GnRH
agonist. Similarly, Hernández and colleagues conducted a study of 429
IVF donor cycles, for which clinicians triggered ovulation with hCG in
175 cycles and a GnRH agonist in 254 cycles [79]. In the hCG cases,
3.2% of donors developed OHSS, of which 1% were severe. None of the
GnRH patients developed OHSS.

The rates of complication reported in these studies are slightly lower
for oocyte donors than for infertile women undergoing IVF. For example,
the rate of OHSS is approximately 1% among infertile women under-
going IVF compared to 0.7% among oocyte donors (see discussion in
[77]).

However, these rates of complication are substantially higher than
the unknown, but low, rate of OHSS in natural pregnancies. The rate is
not known because it is “very rare” with “only a few cases” reported in
the literature [80]. Women who undergo egg donation may be more
appropriately compared to (i) women conceiving naturally, without
fertility challenges or (ii) women not attempting to become pregnant at
all. When a patient considers an elective health procedure, they typically
want to know the risks of complications relative to their own present and
future if they choose not to have that procedure. Potential egg donors

may be less interested in how their fate compares to a different popu-
lation of people undergoing that procedure for different reasons.

7. Discussion

Remarkably, a woman can gestate a wholly unrelated embryo and
give birth to a healthy baby. However, such “allogeneic” pregnancies are
not without costs: the gestational carrier experiences significantly
greater risks of preeclampsia, other hypertensive diseases of pregnancy,
placental problems, hemorrhage, and more. Complication rates are
higher even when the egg, sperm, and/or gestational carrier are known
to be young and fertile. Risks are higher when the egg is healthy but the
uterine environment may be sub-optimal, as with infertile intended
mothers who use an egg donor (Section 2). Risks are also higher with a
healthy uterine environment but a sub-optimal egg, as in agency-
screened gestational surrogates (Section 3). Unrelated embryos seem
to pose a special immune challenge to the gestational carrier (Section 4),
a hypothesis borne out by some evidence that risks are lower in sister-
sister allogeneic pregnancy, where the carrier is 25% related to the
embryo rather than 0% related. Further research could clarify the role of
relatedness. Microchimeric cells from an allogeneic embryo persist in
the carrier’s circulation for at least nine years, raising interesting new
research questions at a frontier of reproductive biology (Section 5).
Finally, egg donors themselves likely face very low absolute risks but
significantly heightened relative risks from undergoing the procedure
(Section 6). Taken together, the predictions made by evolutionary the-
ory can inform medical research and policy recommendations. We
suggest three main areas where policy change or further research is
needed.

First, who are the proper controls for assessing health risks of
gestational surrogacy, egg donorship, and more? Often scientists use IVF
patients, who will gestate their own embryo, as controls. But when
fertile healthy women undergo these procedures for money or altruism,
should we really be comparing their outcomes to infertile women un-
dergoing these procedures in order to make a child? We propose that
informed consent can only be obtained if these women understand the
increased risk to themselves compared to (i) not undergoing the pro-
cedure or (ii) undergoing a typical semi-allogeneic pregnancy. Egg
donorship and gestational surrogacy allow many intended parents to
have children, a medical solution to deeply felt desire. By improving
informed consent procedures, we can more smoothly pave the road to
successful family planning.

Second, genetic relatedness may strongly affect pregnancy success,
as in organ transplants. Indeed, sisters may be especially suitable egg
donors and surrogates, contrary to some medical recommendations;
doctors sometimes suggest that sisters may be sub-optimal because they
may share genetic predispositions for infertility. We propose that a
genetically related egg donor or gestational surrogate may be preferred,
all else equal, based on the evidence outlined above about the risks of
wholly-allogeneic pregnancies. Further, we highlight the need for
research on HLA-matching and the odds of success in surrogate preg-
nancies. Initial evidence suggests that some sort of match scheme,
similar to what is used for organ transplants [81–84], could improve
pregnancy outcomes. Amarket and match system could also increase the
total number of willing, and well-matched, donors and surrogates. More
broadly, further research is needed on how important genetic related-
ness is for maternal and infant health outcomes.

Third, regarding allogeneic pregnancies, little is known about
microchimerism, sperm exposure (or lack thereof), and long-term health
impacts. For example, we need to assess long-term health risks to chil-
dren born of allogeneic pregnancies, the potential health outcomes of
harboring fetal and maternal allogeneic microchimeric cells, and how
the risks faced by a gestational carrier without sperm exposure compare
to risks of a second birth in a spontaneous pregnancy with a new partner.
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8. Conclusion

While modern medicine is able to support reproductive outcomes
that have never before been encountered by the natural world, this
novelty results in a biological mismatch which may result in unantici-
pated health consequences. Evolutionary history has not prepared our
bodies to gestate wholly allogeneic embryos. It may be riskier than
traditional pregnancies—but the real surprise is that we are capable of it
at all.
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