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Abstract (150 words)

In excellent recent work, Webb and colleagues challenged the so-called “obstetric
dilemma”—the long-standing hypothesis that human childbearing is particularly dangerous
because we have a narrow pelvis but large infant heads (we are bipedal and smart). They showed
that humans and chimpanzees have a comparable fetal-pelvic squeeze. What, then, causes risky
childbirth in humans? Webb and colleagues describe a gradual series of physical obstetric
compromises: e.g., our contorted birth canal allows bipedal movement but requires the fetus to
rotate during birth. We propose an additional obstetric compromise between the evolutionary
interests of mother and fetus, who experience genetic conflict over resource allocation. The fetus
manipulates maternal vasculature to boost resources flowing to the placenta, benefiting itself but
increasing the risk of maternal hypertension and hemorrhage. Following Haig, we suggest that
maternal-fetal conflict harms human mothers more than other mammals because our cooperative
infant care permits more damage to maternal health (when it grants some resource benefit to the
fetus).

Lay Summary (50 words)

Pregnancy and childbirth seem more dangerous for humans than our closest primate relatives.
Historically, this was thought to result from a large infant head and a small maternal pelvis.
However, new evidence shows that chimpanzees experience a comparable “squeeze.” Here, we
show that evolutionary conflict between maternal and fetal genes over resources contributes to
severe complications of childbirth in humans.

Main Text

1. Childbearing is risky for humans due to obstetric compromises: bipedalism vs.
large-headed infants; maternal vs. fetal interests

Above all else, natural selection prioritizes passing on one’s genetic material to offspring. Why,
then, is human pregnancy and childbirth such a risky, uncertain affair? The World Health
Organization reports that about 800 women die every day due to complications stemming from



pregnancy and childbirth[1]. By traditional medical explanations, human pregnancy optimizes
fetal health, maternal health, and easy transmission of nutrients from mother to embryo[2,3].
Evolutionary biologists have long explained health complications during pregnancy as a result of
a narrow maternal pelvis, for bipedalism, and a wide infant head, for our large brains[4]. This is
termed the obstetric dilemma. However, Webb et al.[5] recently showed that our pelvis-neonate
squeeze is comparable to that of chimps, who tend to have quicker and less complicated births,
thereby upturning the straightforward head-is-too-big-for-pelvis explanations. Webb and
colleagues[5] convincingly argue that humans sit at the unfortunate end of a spectrum of
complicated primate births shaped by a gradual series of obstetric compromises. As human
ancestors became large-bodied and, eventually, bipedal, we evolved shorter hip bones and a
stiffer pubic symphysis, contorting our birth canal and requiring the infant to rotate during
birth[5]. This compromise—mandatory rotation during birth to allow bone structure for
large-bodied bipedalism—Ilikely prolongs and complicates labor.

However, obstructed labor only causes 2.8% of maternal deaths worldwide, trailing the most
common causes: severe blood loss (hemorrhage, 27.1% of deaths) and hypertension (14.0%)[1].
Obstructed labor can exacerbate hemorrhage [see, e.g.,[6]] and other problems, but hemorrhage
usually arises from uterine atony (80%) and placental features (such as placenta previa and
anomalous vasculature) [7,8] rather than delivery complications due to bone structure. In short,
we suspect that another culprit—another obstetric compromise, to use Webb’s apt
terminology—further complicates childbearing, causing postpartum hemorrhage and
hypertension.

Here, we argue that maternal-fetal genetic conflict is another obstetric compromise that causes
some of the worst health outcomes of human pregnancy and childbirth. Just as a contorted birth
canal compromises between bipedalism and birthing a large-headed infant[5], selection also
navigates a compromise between maternal and fetal interests. Mammalian pregnancy is an
exception to the idea that a body optimizes its phenotype for the unitary goal of passing on its
genes. During pregnancy, a single body houses two genetically different individuals[9]. Because
they do not share 100% of their genes, mother and embryo do not share 100% of their interests;
they experience conflicts[10]. Embryos are selected to extract more resources than mothers are
selected to provide. Mother and embryo clash' over marginal shifts in resource allocation. A
mother can either invest more in a single child or use that investment to produce and support
other children (e.g., by maintaining adequate body condition). From the evolutionary perspective
of a given embryo, selection favors traits that extract more resources from the mother, even at
some expense to her health and fitness. In Section 2, we demonstrate concrete evidence that
maternal high blood pressure and hemorrhage result from fetal adaptations to control and extract
resources.

' We adopt teleological language for clarity; see [11]
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Pregnancy is thus an intimate evolutionary arms race. Fetuses are under selection to extract
resources; mothers have evolved countermeasures to resist fetal manipulation[12]. As in a
tug-of-war, both sides strain to gain millimeters, and even a small slip of the fingers sends all
participants tumbling. Tug-of-wars seem, deceptively, like a stable equilibrium because the rope
hardly moves for closely matched contestants. In normal pregnancies, mother and embryo are
healthy. But tugs-of-war are unstable: if the rope slips, both parties go flying. Similarly, with
small mutations in the intricate genetic mechanisms of pregnancy or tweaks to the environment,
both mother and embryo experience surprisingly severe health complications. The genetic
conflicts of pregnancy largely play out through the mechanism of imprinted genes. “Imprinted
genes” are expressed differently when inherited from mothers or fathers; many such genes
control resource demands during pregnancy, and mutations in these genes cause different— and
extreme— health consequences depending on which copy is altered. For example, if a cluster of
imprinted genes on Chromosome 15 is deleted, this deletion causes Prader-Willi Syndrome when
paternally inherited and Angelman syndrome when maternally inherited—with opposite effects on
maternal resource demands [13—17]. Pregnancy seems paradoxically risky, but the paradox is
explained when we consider the conflict intrinsic to gestation.

Other mammals also face obstetric compromises over pelvic structure and maternal-fetal
resource allocation, but humans seem to be most aftected. Why? As for pelvic structure, our
bipedal lifestyle puts us at the contorted end of the spectrum among apes. Then why do we have
the most intense maternal-fetal clashes over how to allocate resources? In Section 3, we outline
Haig’s hypothesis that our evolutionary history of cooperative infant care relaxes selection on
maternal health after birth; grandmothers and aunts help care for babies, freeing selection to
favor more demanding embryos that extract more from mother at a larger cost to her health.
Thus, two of humanity’s strangest attributes—our bipedal lifestyle and our extreme
cooperativity—make childbearing riskier.

2. Maternal high blood pressure, postpartum hemorrhage, and other complications result
from fetal attempts to increase nutrient flow

A well-studied example of fetal armaments and maternal countermeasures in humans can be seen
in maternal blood pressure control. Hypertension is a leading cause of maternal death and
gestational health complications across developed and developing regions globally[1]. The
embryo benefits from relatively higher maternal blood pressure, as it is associated with higher
rates of nutrient delivery and increased birth weights[18]. Fetuses are therefore under selection to
remodel maternal tissue to wrest control of blood pressure and nutrient delivery from the
mother[19,20]. Fetal cells have been shown to progressively invade maternal blood vessels
called spiral arteries, remodeling them into wide channels that cannot constrict[21]. Mothers, in
turn, have been selected to gradually restrain this invasion[22]: in response to the presence of
fetal cells, the mother’s spiral arteries grow longer and more serpentine, restricting her blood
flow[19].
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Once maternal arteries are fully remodeled, local maternal tissue can no longer control the
volume of maternal blood reaching the embryo[20]. To counteract increasing fetal demands on
resources, the mother restricts blood flow by reducing her systemic blood pressure. This
resistance to fetal manipulation may explain why pregnant women have high rates of
vasodilation in their extremities, because this lowers systemic blood pressure[19]. The fetus
responds by increasing systemic maternal blood pressure[23], e.g., releasing factors that damage
maternal vessel endothelium causing arterioles to constrict[19]. These fetal strategies can harm
maternal health. Importantly, these maternal-fetal adaptations are seen in all pregnancies, not just
those that result in life-threatening hypertensive outcomes. However, when blood pressure rises
high enough, medical hypertension develops and may become life-threatening. This is an
extreme outcome, where severe hypertension harms mother and likely also the fetus, even
though smaller blood pressure increases benefit the fetus.

Severe bleeding after childbirth results directly from maternal-fetal conflict over resources.
Postpartum hemorrhage is the most severe and common complication of pregnancy, causing
27.1% of maternal deaths worldwide[1]. Approximately 6% of all births result in postpartum
hemorrhage (500mL blood loss or more), and 1.86% of all births lead to severe postpartum
hemorrhage (1000mL blood loss or more)[24]. The most important acute cause of postpartum
hemorrhage is uterine atony (accounting for ~90% of cases), in which the uterus fails to contract
after delivery to clamp blood vessels and stop bleeding[24]. Human embryos (more so than other
apes) modify maternal uterine blood vessels to increase blood flow to the placenta by both
widening the radius and preventing constriction ([19]; see above). Maternal bodies must
therefore use myometrial smooth muscle (not arterial smooth muscle) to contract[9], meaning the
uterus cannot always contract properly to staunch blood flow after birth.

Genetic conflict over placenta development also helps explain the high prevalence of postpartum
hemorrhage in humans. Placentation during human pregnancies is unusually deep and invasive
compared to other mammals[25]. This allows the fetus to have direct access to maternal arterial
blood, limiting maternal control over nutrient provision and giving the fetus a path to release
hormones and other substances directly into maternal circulation[19]. Consequently, the placenta
does not always separate properly from the uterine wall at birth, causing extreme bleeding.
Indeed, the deeper the placenta’s invasion into the uterine muscle wall, the greater the risk of
postpartum hemorrhage in humans (n=435 patients with placenta previa; [26]). Once again, the
subtle impacts of the heightened genetic conflict present in humans can be seen in the high-risk
outcomes of human birth relative to those of other mammals.

The examples presented above represent only two examples of serious pregnancy and birth
complications resulting from maternal-fetal conflict. Several other examples have been described
in the literature, including gestational diabetes, which arises from fetally produced human
placental lactogen via a tug-of-war over maternal blood glucose levels[19], and hyperemesis
gravidarum, which results from placentally produced GDF15[27].
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3. Human child-bearing is riskier than in many other mammals because we evolved
substantial alloparenting

Here, we argue that maternal-fetal conflict drives risky pregnancies. However, a// eutherian
pregnancies have, in principle, some degree of maternal-fetal conflict (a tug-of-war at their core).
What makes humans special? Why does maternal-fetal conflict seem more severe in humans
than in chimpanzees and, indeed, than in most other mammals? Haig presents an explanation in
terms of inclusive fitness[9]. Throughout our evolutionary history, birthing women have relied
on help from relatives, which other apes rarely do[28—30]. Hrdy[28] writes: “Almost everywhere
new human mothers tolerate the proximity of familiar (and one assumes, trusted) conspecifics
and voluntarily allow them to hold their newborns, something no other ape will do.” This
cooperative breeding substantially impacted certain areas of human evolution, e.g., driving our
earlier weaning and shorter interbirth intervals compared to other apes[31]. Here, we suggest that
cooperative breeding also complicates birth outcomes.

In most other mammals, infant survival depends fully on their mother’s health after birth.
Therefore, most mammalian fetuses can only demand so much from their mother at the risk of
harming her health and, thus, themselves. But humans were somewhat freed from this selective
constraint by the presence of helpers who relieved the unique demands on the mother. Haig[9]
writes, “As a consequence, the indirect costs to babies of increased demands on mothers during
pregnancy were relaxed in the human lineage, and fetuses responded evolutionarily by increasing
their demands.” In most other mammals, infant survival depends fully on their mother’s health
after birth. Therefore, most mammalian fetuses can only demand so much from their mother at
the risk of harming her health at a time when they require her—and on/y her—ongoing care. The
presence of genetically related helpers who share in the burden of childcare has reduced this
selective pressure in humans, allowing for increased fetal demands[9]. To most chimpanzee
infants, mother is irreplaceable; not so in humans.

Conclusion

Approaching the seemingly paradoxical risks of pregnancy and birth with maternal-offspring
conflict in mind helps clarify an evolutionary history that leaves humans in a uniquely complex
and dangerous position. As Webb et al.[5] note, we sit at the unfortunate end of a spectrum of
complicated primate births. The lens of evolutionary conflict helps explain why this is: human
pregnancy and childbirth are particularly fraught because gestation is an arena within which
agents with different fitness interests struggle for control. “Healthy” pregnancy is not a matter of
optimization, but of compromise.
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