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Why Bigger May Not Be Better

Olga Basso

Published online: 23 March 2014
# Springer International Publishing AG 2014

Abstract Pregnancy and childbirth have been shaped by
natural selection, and some reproductive endpoints, such as
preterm birth and low birth weight, may be understood differ-
ently by considering our history. Mothers, whose very surviv-
al is threatened by pregnancy and childbirth, appear to play a
crucial role in determining length of gestation and size of the
baby. Having smaller babies may thus have conferred an
advantage to mothers, despite the increased risk to individual
offspring. Furthermore, it is unknown howmuch of the excess
mortality risk of small and preterm babies is due to preterm
birth and low birth weight per se, rather than to pathological
factors that reduce birth weight and length of gestation. The
apparently paradoxical phenomenon of intersecting mortality
curves can be explained in this framework, which may
shed a different light on these two central entities in
perinatal epidemiology.
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“Nothing in biology makes sense except in the light of evo-
lution” goes the title of a famous essay by the geneticist and
evolutionary biologist Dobzhansky [1]. Such a consideration
seems particularly relevant when thinking about reproductive
endpoints. Reproduction has been shaped by evolution—in-
deed, it is the mechanism through which evolution happens.
Selective forces still exert a very strong influence during
reproduction, as evidenced by the fact that nearly one-third
of implanted embryos are lost before birth [2]. Given the
complexity and potential for randomness of reproductive pro-
cesses, it is not surprising that things would go wrong some of

the time. However, certain “adverse” reproductive outcomes
may be the by-product of adaptations evolved through
millennia of what can only be defined as a brutal history. Even
in industrialized countries, where maternal and infant death
rates have sharply declined in the last few decades, pregnancy
and childbirth remain comparatively dangerous, and success in
reducing the occurrence of certain complications, such as
preterm birth and low birth weight, has been limited. A high
proportion of infant deaths are ascribed to these conditions;
yet, the evidence suggests that the mother plays a crucial role in
determining both duration of gestation and size of the baby. Is
it possible that the direct causal effect of preterm birth and low
birth weight on infant morbidity and mortality is not as large as
it appears? This article proposes some—personal and arguably
speculative—considerations about why the persistence of the-
se conditions may make sense in the light of evolution.

That reproduction exacts a high toll remains all too evident
in developing countries. In 2011, maternal mortality was
estimated to be 2.25 per 1,000 live births in developing
countries, vs. 0.18 in industrialized ones. Early neonatal mor-
tality was 17.7 and 2.6 per 1,000 live births in developing and
industrialized countries, respectively [3]. Although maternal
and child mortality throughout our history can only be
guessed at, they were likely high. In ancient Rome, for exam-
ple, rough (conservative) estimates suggest that there were 25
maternal deaths [4] and 300 infant deaths [4, 5], respectively,
for every 1,000 live births, not dissimilar to 18th century
England [4]. In 1920, maternal mortality varied widely among
countries, with rates ranging from 2.42 per 1,000 in the
Netherlands to 6.89 per 1,000 in the United States [6]. By
1960, maternal mortality rates were down to 0.37 per 1,000
births in both countries [6].

The high mortality associated with pregnancy is in part due
to the well-known difficulties of childbirth faced by humans.
Among great apes, human birth is particularly challenging,
and human babies are substantially more helpless (altricial)
than those of our closest relatives. Indeed, it has been hypoth-
esized that bipedalism and size of the fetal head have led to
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cutting pregnancy short in order to allow for “safe” passage
through the birth canal (hence our so-called “secondary
altriciality” at birth) [7–11], although another hypothesis sug-
gests maternal metabolic constraints as the reason for limiting
fetal growth and pregnancy duration [12]. Either way, there
are objective limits to how large an infant—or how long a
pregnancy—can be. Obstructed labor, which can also lead to
hemorrhage and sepsis, remains a significant cause of mater-
nal and perinatal mortality in developing countries [13–16].
This complication is especially prevalent where girls grow up
with some degree of malnutrition and have children before
achieving full pelvic growth [13], a set of circumstances that
may have been relatively common at several stages during our
history . The cost of producing large offspring, in terms of
maternal resources, and the risks associated with giving birth
when operative delivery was not an option, have likely result-
ed in the development of maternal mechanisms to limit fetal
size. Haig [17] describes pregnancy as a conflict among genes
from the mother, the father, and the fetus, each player having
different stakes. Some disorders of pregnancy, such as gesta-
tional diabetes and preeclampsia, may have evolved from
maternal attempts to limit fetal uptake of maternal resources
and the resulting fetal responses to these attempts [17, 18].

In this perspective, it is then not surprising that maternal
factors appear to be the most important determinants of fetal
size, as suggested by the pattern of correlation of birth weight
among siblings, very similar in full and maternal half siblings
[19–21], and much lower in paternal half siblings [19], al-
though the fathers’ own size at birth predicts that of their
babies [22–24]. A small study of babies conceived using
donated eggs suggested that recipient’s size had a greater
influence on birth weight than donor’s size [25]. Additionally,
current evidence suggests that paternally expressed genes tend
to favor uptake of maternal resources, while maternally
expressed ones tend to limit it [26], as predicted by the
parental-offspring conflict hypothesis [27]. Taken together,
these observations support the notion that fetal growth is
restricted primarily by the mother. Similarly, familial studies
of preterm birth suggest transmission of this trait only through
the female side [28, 29], which may indicate mitochondrial or
imprinted genes (or, possibly, non-genetic transmission
through the mother). In mammals, length of pregnancy has a
substantial degree of natural variability, with humans tending
towards the upper range, though it is unclear to what extent
measurement error plays a role in these assessments [30].

The difficulties of childbirth have led to research into genes
with accelerated evolution in humans as potential candidates
for regulating timing of birth [11]. Identification of such genes
would result in a leap in our understanding of the determinants
of length of gestation, but the very survival of these genes to
this day suggests that their contribution to the mortality of
preterm babies may be limited. In a Norwegian sibling study,
babies born early following a previous preterm birth had

substantially lower perinatal mortality than babies born at
the same gestation whose older sibling had been born at term
[31]. These findings may indicate that preterm births among
women predisposed to giving birth early are less frequently
the result of pathological processes. It is thus not inconceiv-
able that, throughout our history, non-pathological smallness
(achieved through reduced fetal growth or shortening of ges-
tation) may have conferred a modest excess risk to infants,
while resulting in fewer casualties during childbirth. Although
babies born full term (or large) would have better survival,
selection typically operates by favoring maternal, rather than
offspring, fitness [32]. Selection favoring the mother is hy-
pothesized to be less pronounced in species with long post-
natal care, where counter-strategies by the offspring are more
likely to evolve [32], but death of the mother would, in and of
itself, reduce the probability of her children surviving to
reproductive age. A study of 19th century church records from
seven Swedish parishes indicated that perinatal mortality of
babies whose mother had died in childbirth was 28.4 %, and
only 1.6 % of the surviving orphans reached the age of five. A
mother’s death also affected her other young children; de-
pending on whether they were less than one year old when
their mother died, or between the ages of one and five, 3 %
and 13 %, respectively, survived to the age of 5 years [33].
While such a pattern may not be representative of other times
and places, it can be safely assumed that motherless infants
faced a grimmer future than their luckier counterparts.

Although it cannot be disputed that being small or prema-
ture is associated with highmorbidity and mortality, we do not
know the true extent of the causal contribution of birth weight
and gestational age at birth on infant survival in a given
population at a specific time, nor can it be estimated with
modern causal inference methods [34, 35]. Babies are born
early (or small) for a variety of reasons, many of which we
don’t know (or are unmeasured), and most of these pathways
are pathological [36], likely conferring an extra risk to the
infant, which cannot be disentangled from that caused by a
reduction in gestational age (or size).

It is unclear whether smallness per se plays a causal role on
infant survival [37], although a high surface-to-volume ratio
compromises thermoregulation [38]. Nevertheless, birth
weight of the parents, despite being correlated with that of
their babies, does not appear to directly affect perinatal mor-
tality [24]. The observed association between birth weight and
mortality may thus in large part be due to pathologies that
directly increase morbidity and mortality and simultaneously
reduce birth weight. In theory, rare but strong unmeasured
(and as yet unrecognized) factors could explain the entire
gradient of mortality with birth weight, without the latter
playing any causal role in risk [39]. A 2011 meta-analysis of
studies of supplementation with multiple micronutrients dur-
ing pregnancy [40] showed a 9 % reduction in the prevalence
of small-for-gestational age, but no benefit on mortality. On
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the contrary, in populations where the majority of births took
place at home, the relative risk of neonatal mortality was
higher in the intervention arm (1.47, 95 % CI: 1.13, 1.92).

Reproductive epidemiologists are all too familiar with the
apparently paradoxical phenomenon of intersecting mortality
curves, whereby the neonatal mortality of a “high-risk” group
of babies (e.g., babies of smokers [41], twins and triplets [42,
43]) is lower than that of the corresponding “low-risk group”
at low birth weights or early gestations. A possible explana-
tion for this pattern is that, given that a baby is born early (or
small), babies in the “low” risk category have other, unmea-
sured, factors that collectively confer an overall higher mor-
tality risk than the exposure being examined [43–49]. If so, the
empirical rates would not represent the “true” risk due to being
born at an early gestational week (or at a low birth weight), but
would also include the additional risk conferred by the pathol-
ogies causing preterm birth or low birth weight.

Being born just one or two weeks early is associated with
an increased risk of morbidity and mortality compared to term
birth [50], but it is unclear how much of this risk is actually
due to the timing of birth. Early-term births (at 37and 38weeks
of gestation) have recently become a focus of attention and, in
2012, the American Journal of Obstetrics and Gynecology
published a trio of articles on a new definition of the “preterm
birth syndrome” [51–53], proposing that all births between 16
and 38 weeks be considered “preterm”. However, if it can be
hypothesized that “natural” (non-pathological) duration of
gestation is normally distributed, for example with a mean
of 280 days and a standard deviation of 10 days, 22.4 % of
babies would be born at 37–38 weeks (and 1.8 % before 37
completed weeks). Thus, including early-term babies in the
preterm category may result in classifying as pathological an
overwhelming majority of births that are neither preventable
nor caused by any pathology.

In fairness, the concern over early-term births has largely
been aimed at reducing medical inductions without indication
before 39 completed weeks of gestation, and such attention
has resulted in stricter guidelines on when it is appropriate to
induce. Some authors nevertheless wonder if excessive cau-
tion may now be exercised in determining whether an indica-
tion justifies delivery before 39 weeks, and worry that such
guidelines fail to take into consideration the stillbirths that
may be avoided by delivering babies earlier [54]. In a recent
large registry study from the UK, induction without
indication (as far as it could be ascertained) was asso-
ciated with a lower risk of perinatal death at all weeks
from 37 to 41, as well as with a lower rate of maternal
hemorrhage at most weeks in the same range, compared
with expectant management, the appropriate comparison
to evaluate the impact of induction [55]. In addition,
although prolonging gestation has long been the objec-
tive of clinical intervention, it is not fully clear that
doing so results in improved neonatal outcome [56, 57].

In conclusion, although it is undeniable that both preterm
birth and low birth weight are strongly associated with poor
neonatal outcome, their direct causal role may be less than
what is suggested by the observed risk, as the pathologies that
result in a shorter gestation and disrupted fetal growth may
play a major role [37, 39, 43, 45–47, 49]. When studying
certain common reproductive endpoints, it is worth consider-
ing the possibility that they may have come to be as a result of
the long and complex struggle between maternal and fetal
genes. Mothers have a much larger influence than fathers on
both birth weight and duration of gestation, which is in line
with the notion that women have evolved mechanisms to
maximize their own fitness, sometimes at the expense of
individual offspring. Modern obstetrics, where widely avail-
able, has been extremely successful in making pregnancy and
birth safer, but has not obliterated our history, and looking at
our distant past when studying reproductive events may result
in a new understanding of old problems.
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