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Preface

Evolution in medicine?! Never heard of it! This quote, in essence, sums up the
reaction of a medical doctor who kindly accepted to review the proposal for this
book. Far from substantiating the received idea according to which doctors are
against any new approach to their field, it shows that health professionals know
little about the relevance of evolutionary thinking for medical practice. At first, this
may be surprising: the idea that evolution can inform medicine is not new—
Erasmus Darwin, Darwin’s grandfather and a medical practitioner, hinted at this
conceptual breakthrough more than 200 years ago—and evolutionary biologists
have pleaded for more evolution into medicine for about two decades. In addition,
medicine is repeatedly confronted to evolution: practitioners have to deal with
antibiotic resistance, the rapid changes of a virus, or the evolution of tumour cells.
Yet, evolution is not part of the medical curriculum of most universities and what is
more, most medical students and doctors have just “never heard of it”. At second
glance, however, this is not surprising.

Until recently, most evolutionary medicine publications did not really target
medical practitioners or were published in evolutionary rather than medical jour-
nals. Further, most books on the topic are organized into a structure that reflects
evolutionary biology sub-fields which are not familiar to medical doctors (e.g. life
history theory, host—parasite co-evolution) rather than sub-fields of medicine (car-
diology, oncology, obstetrics). Medicine is highly specialized and already requires a
considerable amount of knowledge, and one cannot expect its practitioners to teach
themselves the basis of evolutionary biology that are required to dive efficiently into
the growing literature of evolutionary medicine, a still secondary discipline to
medicine. But this is not the whole story. For those medics who have “heard of it”,
the relevance of an evolutionary framework for the practice of medicine is yet to be
demonstrated. Some have argued that in the consultation room, evolutionary
thinking may offer little more than a nice story to tell, but will not fix the broken
arm. Are they wrong? Arguably the answer is neither yes nor no, but rather that it
depends on the field of specialization, the amount of attention it has received from
evolutionary scholars and the type of practical implication that is sought
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(communication with the patient, rethinking the hallmarks of a disease, finding new
avenues in cancer therapy, etc.). Still, the question of the impact of evolutionary
thinking for practice and policy is one to be asked explicitly.

This book, a collection of 23 chapters, is using a number of unique features to
tackle the issues outlined above and in so doing, will enable medical doctors to
think evolutionarily: (1) It is organized by medical sub-fields: obstetrics, paedi-
atrics, nutrition, cardiology, oncology, immunity, geriatric, psychiatry and psy-
chology. Those sub-fields that are missing are not omissions from the Editors’ part,
but rather the expression of a lack of evolutionary studies in some particular
medical specialties. For some, it has been either impossible (e.g. toxicology,
urology, gastroenterology, dermatology) or extremely difficult (e.g. cardiology) to
find contributors. (2) At least half of the contributors are M.D. (medical doctors).
The other half is composed of anthropologists, psychologists and population health
scientists. This leads to different “cultures” in the manner with which the evolu-
tionary approach is used to address medical issues, and we think it illustrates the
richness of the applicability of the evolutionary “toolbox” to serve health and
medicine. (3) Each chapter contains a lay-summary and a glossary. A special effort
has been made to make the content of this book accessible to a lay reader, whether
in evolutionary biology or in medicine. (4) Each chapter contains a section
“Implications for policy and practice”. The authors have been forcefully instructed
to provide an answer to that question, however difficult it might be, pointing out
whether or not such implications indeed had already emerged and/or the extent to
which they were still speculative at this stage. The result is a collection of sections
that contain far-reaching implications for contemporary biomedicine and/or brilliant
ideas in waiting to be tested. Indeed, the point of the exercise was not to provide a
definitive answer or account of an evolutionary approach to a particular medical
topic, but rather to challenge the current state of knowledge and provide the reader
with a new lens with which to think about health and medicine.

Although this book is first targeted at health practitioners and medical students,
its guiding purpose will serve anyone who is keen on finding out about “evolu-
tionary thinking in medicine”, what it means and what it has to offer to mainstream
biomedicine, be it patients, students, researchers or the general public.

July 2015 Alexandra Alvergne
Charlotte Faurie
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Chapter 1
Applying Evolutionary Thinking
in Medicine: An Introduction

Prof. Gillian R. Bentley, Ph.D.

Lay Summary Evolutionary thinking is beginning to infiltrate medical
practice and has the potential to transform how clinicians explain human
diseases. Evolutionary medicine takes a long-term view of why humans suffer
from various diseases and addresses the reasons behind these. Proponents of
this relatively new field argue that clinicians need to understand basic concepts
in evolutionary biology and that these should be embedded in the training
students receive in medical schools. Historically, in the late nineteenth and
early twentieth centuries, medical writings did include evolutionary concepts,
but this approach fell out of favour following the excesses of the Second World
War. Evolutionary medicine emerged again in the 1990s and has slowly been
building momentum around the world with journals, societies, books, and
papers expanding in number and visibility. Although biologists and other
scientists have been the main proponents, a growing number of physicians and
medical students are becoming involved as the field reaches a new maturity.

1.1 A Shift in Perspective in Approaching Medical Issues

What is evolutionary thinking in medicine? In brief, it is the application of basic
evolutionary principles derived from the science of biology to understand human
susceptibility to disease [1—4]. But it is so much more than this! An evolutionary
approach to health and diseases addresses how past and present pathogens, with
which we now coexist, behave and change over time [5], is concerned with how
individual development within specific environmental contexts can shape suscep-

G.R. Bentley (D<)
Department of Anthropology, Durham University, Durham, UK
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tibilities over the life course [6—8], considers how major changes in human lifestyle
such as urbanisation and industrialisation have altered the epidemiological nature of
illnesses that can afflict us [9, 10], takes into account phylogenetic history in
relation to our vulnerability to specific conditions such as lower back pain [11], and
attempts to understand human lifespan and mortality within a broader context of
why ageing should exist at all among species [12], among many other topics [3—
18]. More recently, evolutionary medicine is reaching out to embrace veterinary
practitioners since the two disciplines have much to learn from each other [19, 20].

1.1.1 Novel Questions

So, what are the basic principles that inform an evolutionary approach to medicine?
One of the first distinctions between this and clinical medicine is that the former
addresses “ultimate” (i.e. evolutionary) questions about health and disease as opposed
to “proximate” (i.e. mechanistic) ones [3]. In this respect, Randy Nesse has frequently
referred to one of the great biological thinkers, Nikolaas Tinbergen, who contributed
to the development of the field of ethology or animal behaviour. Tinbergen developed
a set of four questions dealing with mechanism, ontogeny, phylogeny, and function
with which to address evolutionary questions about behaviour [3, 21, 22]. These are
suggested as highly useful when comparing the kinds of questions asked by medical
doctors as opposed to evolutionary biologists, but both ultimate and proximate
questions are viewed as complementary. Tinbergen’s first question asks about the
“proximate” cause of a trait (similar to the kinds of questions a medical doctor might
ask), the second addresses immediate developmental issues, the third deals with the
development or evolution of a trait on an ultimate level in comparison with other
species and over long evolutionary time, while the fourth addresses issues of adap-
tation in asking about how the trait might affect reproduction and survival.

An example of proximate (clinical) and ultimate (evolutionary) approaches to
medicine can illustrate the difference between the two. If presented with a patient
suffering from asthma, a medical doctor would presumably take a case history of the
patient and would ask about family susceptibility to the condition, the length of time
that the patient had experienced symptoms, the degree of severity of the symptoms,
and the potential exposures that might trigger the condition. These exposures might
relate to the immediate environment at home and elsewhere where the patient was
spending their time. The doctor might consider allergens such as dust mites,
household cleaners, pollen, and pets. The patient might be referred to a clinic for
allergy testing for reactions to specific substances that could then be ruled out as
irritants. In contrast, evolutionary medicine approaches illnesses such as allergies
and asthma from a more long-term (the “ultimate”) perspective. There is an exten-
sive literature arguing that autoimmune disorders such as allergies (including
asthma) have become prevalent within contemporary societies since we became
removed from ancestral conditions where we coexisted with several pathogens,
including intestinal worms called helminths [23-25]. There is evidence to suggest
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that immunoglobulin E (IgE)—which becomes elevated with allergic conditions—in
fact coevolved to respond to our earlier and common coexistence with helminths,
which were down-regulating the system for their own benefit. In our cleaner and
more hygienic environment, in the absence of helminths, the IgE system is dys-
regulated and responds instead to other foreign bodies resulting in autoimmune
disorders such as allergies.

Much of this autoimmune topic is related to the “hygiene hypothesis” (see also
Chaps. 15 and 17) where recent conditions of extreme cleanliness are thought to have
detrimental consequences for the human immune system [25-27]. There is again
growing evidence that humans need to “educate” their immune system during
development by exposure to a wide variety of bacteria and other organisms (including
helminths). The lack of such exposures might trigger a range of autoimmune disor-
ders. Of course, it could be argued that knowledge of human evolutionary history, and
the kinds of environments in which we lived in our past, is irrelevant to the way in
which doctors treat their patients. But it is precisely this kind of knowledge that is
leading to novel treatments of various autoimmune disorders by re-exposing indi-
viduals to what are sometimes called “old friends”, meaning precisely helminths [28].
Preclinical trials are now evaluating the safety of infecting patients with more benign
forms of helminths, such as pinworms, in an effort to achieve remission for a variety of
autoimmune disorders including allergies, irritable bowel disease, and multiple
sclerosis [29, 30] (see Chap. 17 for the most recent research in this area). It is doubtful
whether these kinds of treatments could have arisen without an understanding of
human coevolution with other organisms and how this has shaped the human phe-
notype. Similar understandings are now leading to an appreciation of how contem-
porary environments are dramatically changing our gut (and other) microbiomes,
leading to novel and sometimes serious disorders [31, 32].

1.1.2 Research Areas, Concepts, and Assumptions

The example of allergies falls into one of the themes (“abnormal environments”)
that George Williams and Randy Nesse originally conceived in their landmark
paper in the Quarterly Review of Biology, in 1991 [33], in order to create a structure
with which to view a variety of human illnesses. They outlined 5 major areas where
they felt that an evolutionary approach could make a contribution towards under-
standing health and illness. These were (1) infectious diseases (see Chaps. 14—17
and 19), (2) host—parasite coevolution (see Chap. 16), (3) injuries, breakdown, and
toxins (Chaps. 10, 18 and 23), (4) genetic effects on diseases, and (5) abnormal
environments (Chaps. 4-9 and 11). Randy Nesse was to develop this set of themes
further in his later articles. “Abnormal environments” became subsumed under the
now more common name of “mismatch”, popularised in a book by Gluckman and
Hanson in 2006 [9] although this was also to develop a more specific meaning in
relation to early life development.
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Authors supporting evolutionary approaches to medicine have gone on to argue
that medical doctors need to understand the concept of adaptation and natural
selection [2—4, 34, 35]. First, they have frequently pointed out that natural selection
(which is just one of the forces shaping human evolution) works extremely slowly—
on the order of thousands of years [36]. This fact has frequently led to the misun-
derstanding, even among people trained in evolutionary thinking, that humans have
stopped evolving. An exemplar of this kind of misunderstanding is the concept of the
“environment of evolutionary adaptedness” (EEA) introduced by the psychologist,
John Bowlby, in 1969 [37] and later adopted, par excellence, by the Santa Barbara
School of evolutionary psychology [38-39]. The EEA theory posits that humans are
essentially adapted to the environment in which we spent thousands of years as
Palaeolithic foragers, although the precise date and provenience of this environment,
as well as the entire concept, have been heavily debated [40—41]. However, the
concept of an EEA has tied in nicely with the theme of “mismatch” or “abnormal
environments”, where humans are frequently seen to be maladapted to contemporary
environments where diets rich in fats and sugars and a highly sedentary lifestyle can
lead to chronic conditions such as obesity and metabolic disorders [9, 10]. More
recent molecular research that is rapidly expanding has, however, pointed out that
humans are undergoing constant microevolution in response to both mutations and
changing environments [42—45]. The growing field of epigenetics that examines how
molecular markers turn genes on and off, or up and down, is also contributing to our
growing understanding of how developmental and life course plasticity can alter the
human phenotype [e.g. 46—48].

1.2 Contributions to Biomedicine

1.2.1 Rethinking the Optimal Body

Humans and other organisms have evolved features that are basically “jury-rigged
compensations for a fundamentally defective architecture” [36: 63]. As our natural
environments altered, causing various features to evolve, including bipedalism,
evolution had to work on an existing structural design and to modify this where
possible to develop features that would be adapted to a changing environment.
Nesse’s quote above is in relation to the vertebrate eye which is subject to several
potential malfunctions as a result of the legacy of “jury-rigged” design compro-
mises, or what has been called elsewhere “historical legacies” [15]. Nesse refers to
myopia, detached retinas, and glaucoma as some examples of how the human eye
can fail due to its intrinsic and evolved design [36]. Similarly, humans are vul-
nerable to a series of back problems not experienced by our quadrupedal relatives as
a result of our evolution towards an upright posture [15]. Understanding these kinds
of evolutionary constraints and the inevitable “trade-offs” in our physiology can be
helpful in considering human vulnerabilities and potential treatments for many
ubiquitous problems.
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Myopia, or short-sightedness, which seems to be a problem caused through
gene—culture (design and environment) interaction or coevolution is another
excellent example of human developmental vulnerability and “mismatch”. Human
cultural evolution has led to children spending many hours indoors, away from
sunlight, and in close-up work such as reading or electronic screens [49-51]. These
practices during childhood, when the eye is still growing, have created a situation
where approximately half of the individuals in Europe and the USA are now
myopic, while the global development of Southeast Asian countries is leading there
to what is described as an epidemic of myopia [50, 51].

The sum of such vulnerabilities forces us to re-evaluate the human body, not as an
optimally designed machine, but rather as a series of compromises that indeed has
left us vulnerable to a variety of conditions, particularly as we age. In fact, ageing
represents the ultimate “trade-off” in evolutionary terms. As so elegantly expressed
by George Williams [52, 53], ageing itself has evolved as a by-product of repro-
ductive effort earlier in life. The basic point here is that life itself has not evolved to
promote personal happiness and longevity and cannot continue without successful
reproduction and surviving offspring which are favoured despite the trade-offs. The
starkness of this biological statement makes for uncomfortable reading for highly
cultural organisms that have developed traits that do indeed (in particularly
favourable environments) promote health, longevity, and happiness, sometimes at
the expense of individual reproduction [52, 53]. This should not, however, lead us to
dispute the clinical significance of vulnerabilities in evolutionary design, and could
help in understanding the source of individual disease and decline.

As an exemplar of the ultimate outcome of evolutionary success, as we age,
humans and other sexually reproducing organisms suffer from what is termed the
“declining force of natural selection” [54]. Our genes are passed on through
reproduction, which generally occurs earlier in life. Traits that are maladaptive early
in life would tend to be “selected out” because they would be passed on to our
offspring who might not survive with these characteristics. However, deleterious
traits that are expressed later in life, when successful reproduction is less likely, will
not be selected against and can contribute to the ageing process. Furthermore, traits
that are beneficial earlier in life and that promote reproductive effort might be
associated with negative effects later on in life, a trade-off known as “antagonistic
pleiotropy” [52, 53]. Again, this situation promotes the ageing process.
Understanding these concepts can be helpful in researching and treating senescent
conditions (see Chaps. 18, 19, 21).

Some design features of the human body are more vulnerable than others due to
chance or stochastic events in our evolutionary history, as well as the possible
action of other evolutionary forces aside from natural selection. These other forces
are mutation, genetic drift, and gene flow (otherwise known as migration). Genetic
mutations are, in fact, relatively rare and, by their nature, stochastic and are likely to
have had a fairly minimum impact on the evolution of specific traits. Exceptions
can occur where gene mutations affect control regions. An example of this is where
humans evolved the capacity to digest lactose in adulthood—one of the better
documented cases of recent human gene—culture coevolution [55-57]. Genetic drift
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occurs in situations where small populations representing a sample of a wider gene
pool remain in relative isolation and develop unique or specific genetic profiles as a
result of their small sizes and isolation (this could be through geography or cultural
practices). Where such isolated populations expand, a phenomenon known as the
“founder effect” can occur, where specific and deleterious traits that occur by
chance in the sample population increase in representation. Examples of such
founder effects exist among the Amish in the USA where polydactyly is relatively
common [58]. Population bottlenecks can also occur at various points in time where
populations suffer serious demographic decline. The remaining small populations
are likely to experience genetic drift.

1.2.2 Rethinking Medical Practice

Perhaps the least misunderstood and most accepted evolutionary concept in biology
and medicine is that of competition with a variety of pathogens with whom we
coexist. This has led to one of the most urgent crises in modern medical care,
namely the emergence of antibiotic resistance ([59-61], Box 1.1). We are in fact in
an “arms race” against rapidly evolving micro-organisms such as bacteria. The
crisis is so urgent that the UK Chief Medical Officer, Professor Sally Davies, stated
in March 2013 that “the danger posed by growing resistance to antibiotics should be
ranked along with terrorism on a list of threats to the nation” [62]. Similarly, in May
2015, Germany’s Health Minister, Hermann Grohe, opined that: “If antibiotics are
no longer effective, treatment options could return to those of a pre-Penicillin age”
[63]. Understanding the concept of evolved, antibiotic resistance has led to a
growing recognition to limit the use of antibiotics in everyday medical settings to
cases where it is clear that a patient is in fact suffering from a bacterial (as opposed
to a viral) infection, or in cases of less severe infections to allow patients to recover
by themselves [64]. A similar adaptive approach is being discussed in relation to
cancer chemotherapy in order to limit the potentially damaging effect of emerging
resistant tumour cells [65, 66].

Box 1.1 Adaptation and Natural Selection: The Example of Antibiotic
Resistance

Antibiotic Use Antibiotics were first developed for medical use in the early
twentieth century, primarily to treat bacterial infections, although they also
work against fungi and protozoa. As the pharmaceutical industry grew, and
antibiotics were readily available, they were increasingly prescribed and have
also been used prophylactically and extensively in farming to prevent loss of
livestock from common infections. Unwittingly, the overuse—and sometimes
inappropriate use—of antibiotics has led to the evolution of antibiotic resis-
tance among communities of bacteria. What does this mean?
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Fundamentals of Natural Selection As pointed out by Darwin in the “The
Origin of Species” [90], natural selection requires three key features: first,
organisms within a species must vary in their characteristics or traits.
Secondly, traits must be heritable which means they can be passed on to
future generations. Thirdly, the variants must have differing reproductive
value in a given environment, some being fitter (i.e. reproducing more) than
other. Several bacterial traits meet these preconditions, allowing the evolution
of different frequencies of variants in their population.

Antibiotic Resistance Resistant bacteria are “selected for” if they have
acquired—through inheritance or random mutation—characteristics which
enable them to survive being targeted with antibiotics. Individual bacteria
from a population might just by chance have properties that confer resistance,
meaning they are better adapted. Surviving bacteria can then reproduce and
pass the resistant traits to their descendants. The resulting population has
evolved to resist the previously effective antibiotic (Fig. 1.1). The chances of
resistance arising are related both to variability present in a population and to
the rate at which it reproduces, as each round of reproduction will produce
new variants into a population pool (either through replication errors or
through recombination events). The reason why antibiotic resistance can
evolve so quickly is because of the rapid reproductive rate of these tiny
organisms, which can take from minutes to about 24 h.

Resistance to Evolutionary Terminology Despite these evolutionary fun-
damentals, Antonovics et al. [91] have pointed out a discrepancy in evolu-
tionary terminology in academic papers that discuss antibiotic resistance, and
they urge its increasing use. Specifically, medical papers only used evolu-
tionary terms 3 % of time (preferring words like “emergence’) compared to
68 % for evolutionary biologists. Antonovics and colleagues speculate that
resistance to evolutionary terms may have been encouraged to avoid “con-
troversy”. In some countries, resistance to evolutionary thinking is linked to
strong religious sentiment and may be influencing how antibiotic resistance is
described. Note that the website for the Center for Disease Control, the US
watchdog for infectious and other diseases around the world, also omits the
term evolutionary in describing antibiotic resistance [92]. Garry Trudeau, the
well-known creator of the satirical comic strip, Doonesbury, played on this
theme by suggesting a creationist patient diagnosed with tuberculosis should
be treated with older antibiotics that no longer work against current strains of
the disease [93].

A more controversial area is that of “defence”, i.e. viewing certain physiological,
pathogenic reactions as adaptive in nature rather than as negative consequences to
illness that must be treated [15]. An obvious area where this is discussed is how to
treat fevers in patients. It is increasingly recognised that a raised temperature is a
physiological, adaptive response to an invading pathogen [67]. Raising the body’s
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temperature inhibits the ability of a pathogen to overcome the body’s defences.
Fevers, particularly in children, were also treated in the past in order to prevent
febrile convulsions, but it is now recognised that fevers alone do not cause this
reaction, as outlined in UK National Institute for Clinical Excellence (NICE)
guidelines [68].

A less recognised area of “defence” is developing in emergency medicine.
Mervyn Singer, a consultant in intensive care medicine at University College
London Hospitals, examined medical records for survivors from major historical
battles such as Trafalgar and Waterloo [69-71]. Surprisingly, only a relatively small
proportion of men died from trauma directly sustained on the battlefields (as
opposed to those that suffered from infections as a sequela to injuries). These
statistics led to a re-evaluation of the impact of many medical interventions that
have come into use in emergency medicine, such as blood transfusions and ven-
tilation designed to mitigate against blood loss and low oxygen levels in critical
care patients. Singer [71: 1] has argued that emergency medicine has, in fact,
“overventilated, overfluidised, overfed, overtransfused, and oversedated, and that
these all contributed significantly to harm”. Instead, emergency medicine needs
fewer interventions that interfere with natural physiological adaptations designed to
try and keep the individual alive in the face of massive trauma.

Singer [71] has also argued that: “We deferentially followed the seemingly
unassailable logic that normal healthy values would provide the optimal milieu for
either maintaining organ function or hastening recovery”. This leads to a consid-
eration of how doctors approach the concept of “norms”. It is reasonable that
doctors use concepts of “normal” values for a number of diagnostics to evaluate the



1 Applying Evolutionary Thinking in Medicine: An Introduction 9

health of patients. In contrast, evolutionary biology embraces the concept of vari-
ation, since this is essential for the process of natural selection and adaptation.
Appreciation of the importance of individual variation is filtering into medicine and
forms the foundation for advocates of a more personalised medicine. It is also
increasingly applicable to our understanding of tumour evolution and the unique
properties of cancer in treating individual patients [72-74].

1.3 Doctors and Evolution: An Evolving Relationship

Given the applicability of evolutionary perspectives to medicine, why are evolu-
tionary concepts unfamiliar to so many doctors? The two areas have not always
been divorced. As pointed out by Fabio Zampieri [75], from approximately 1880 to
1940, Darwinian approaches to medicine enjoyed an early heyday referred to by
him as “medical Darwinism”, where many of the themes which today find reso-
nance and relevance among practitioners were also prominent, including how
infectious diseases might evolve, how “civilisation” might create predispositions to
specific illnesses, and a concern with cancer. However, a preoccupation with
heredity and inherited susceptibility to disease (known as diathesis and later con-
stitutionalism) played into a growing interest in eugenics, a term coined in 1883 by
Darwin’s cousin, Francis Galton, who was impressed by the principles of selective
breeding shown so clearly in relation primarily to plants and pigeons in Darwin’s
famous book “The Origin of Species”, and who sought to bring these principles to
bear on “improving” the human condition. The misuse of eugenic principles during
the 1940s onwards led to a socially mandated suppression for several decades of
any kind of Darwinian approaches to health [75].

Since the publication of the 1991 landmark article “Dawn of Darwinian
Medicine” by Williams and Nesse [33], the problem in the revival of evolutionary
medicine has been in attempting to demonstrate to clinicians the relevance and
utility of evolutionary approaches. Fortunately, the field has developed far enough
that considerable progress is already being made, and evolutionary medicine can
perhaps be said to be entering into a new maturity. There are a number of relevant,
edited books that have been published that are also suitable as teaching texts [13,
17, 18], two primary textbooks [14, 76], and other single-authored volumes [15, 16,
77]. The field has a new International Society, the International Society for
Evolutionary Medicine and Public Health ISEMPH) that met for the first time in
March 2015 in Tempe, Arizona. There are two new journals that began in 2012 and
2013, respectively, the Journal of Evolutionary Medicine published by Ashdin and
Evolutionary Medicine and Public Health published by Oxford University Press,
and there are now a myriad of articles that have been published in other places that
are far too numerous to mention.

Earlier, however, it would be fair to say that a few different strands of interests
were developing within evolutionary medicine without a great deal of overlap
between contributors. Aside from the growing number of articles by Randy Nesse,
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two volumes edited by Stephen Stearns and Jacob Koella were published in 1999
[78] and 2008 [17] that focused primarily on topics related to host—pathogen
coevolution, and genetics and vaccine development, although a couple of articles
related to ageing and reproductive health overlapped with some social science
topics. Edited volumes also appeared from scholars primarily in anthropology,
concentrating on topics derived more from a social science perspective including
maternal and infant health, and environmental mismatch [18, 79]. A fourth
approach emerged somewhat later and has been spearheaded by physicians whose
research represents the field of early life development or foetal programming,
stimulated by work in the 1980’s by David Barker at the University of
Southampton. This parallel group, with strong overlap with some topics relevant to
evolutionary medicine, developed into the International Society for Developmental
Origins of Health and Disease (DOHaD) in 2003. The Society also established the
Journal of Developmental Origins of Health and Disease in 2009. As stated on its
website, its main aim is for “the scientific exploration of early human development
in relation to chronic disease in later life” [80] (see Chap. 6), and it clearly has
overlapping interests with the theme of “mismatch” from evolutionary medicine.
The DOHaD group meets every two years in different locations around the globe,
with the 2017 meeting in Cape Town, South Africa. In relation to evolutionary
medicine, this developmentally-focused subfield has been represented primarily by
Peter Gluckman, Alan Beedle, and Mark Hanson, who also wrote the first textbook
in evolutionary medicine [14], albeit with a strong focus representing their partic-
ular interests. Finally, Paul Ewald (see Chap. 14) wrote several early influential
articles and a book in 1994 (The Emergence of Infectious Diseases, [5]) that was to
have a profound effect on the field of evolutionary medicine. In fact, Williams’ and
Nesse’s section on infectious diseases in their 1991 article was heavily influenced
by an earlier [81] article by Ewald. The latter is also editor in chief of the Journal of
Evolutionary Medicine. Happily, the original disaggregation of the field into dis-
tinct sub-areas is disappearing, as evidenced by the converging of many authors
into more recent edited volumes, or as coauthors of papers, perhaps representing a
maturation of the field as it develops. A unifying figure across most of these
separate strands has been Randy Nesse, who now heads the new Center for
Evolution and Medicine at the Arizona State University [82], and spearheaded the
inaugural international meeting in 2015 of the ISEMPH that was also hosted at
Tempe, Arizona [83].

Nesse has also been one of the most vociferous advocates that evolutionary
theory should form the foundation for medical education in the future [3, 4, 35, 84].
In the last few years, a number of US and European individuals from biological and
medical backgrounds, funded by the National Science Foundation and the National
Evolutionary Synthesis Center (NESCent) in Durham, North Carolina, USA, have
been developing new questions for the US Medical Exams—the Medical College
Admissions Tests (MCATSs)—that will require premedical students to have much
more knowledge of evolutionary biology than was previously necessary [34].
A number of student societies for evolutionary medicine are springing up on
medical school campuses, as exemplified by Michelle Blyth at the Louisiana State
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University [85], and a couple of innovative medical schools are conducting Grand
Rounds with evolutionary biologists (not just medical doctors) in tow [86]. Durham
University began a new MSc programme in evolutionary medicine in 2011 that
attracts UK intercalating medical students who have completed their fourth or fifth
year of medical school and who will hopefully carry on their careers equipped with
the additional tools of evolutionary thinking [87]. Training in evolutionary medi-
cine in mainland Europe can also be obtained at the Zurich Institute for
Evolutionary Medicine [88].

All of these developments should give us hope that evolutionary medicine is
finally coming into its own and has reached a stage where it can gradually infiltrate
into many areas of traditional medical practice. Although the field was criticised in
2012 as having more “breadth than depth” [89: 246], the growing and intimate
involvement of medical doctors with the field, as exemplified by the Grand Rounds
at UCLA, belies this criticism. It has been almost 25 years since the publication of
Williams’ and Nesse’s [33] article on the “Dawn of Darwinian Medicine” and
65 years since the demise of “Medical Darwinism” [75]. Perhaps this is the dawn of
a new era that we might call “embedded evolutionary medicine” when clinicians
and their trainers actually embrace evolutionary concepts and join forces with
evolutionary scholars interested in health issues.

Glossary

Autoimmune Occur where the body produces antibodies against its own

disorders components (called autoantibodies) and attacks specific
cells in the body. The causes of such autoimmune diseases
are often unknown. They include conditions such as mul-
tiple sclerosis, rheumatoid arthritis, inflammatory bowel
disease, and type 1 diabetes

Foetal Refers to the potential for programming for alternative

programming phenotypes during foetal life based on the environment
experienced in utero and particularly where nutritional
deficits constrain optimal foetal development during
gestation

Genotype Refers to the genetic make-up of an individual

Host—pathogen Refers to the arms race that exists between an individual

coevolution organism (the host) and a variety of other organisms that

can cause diseases in that host (pathogens). Both hosts and
pathogens will adapt over time to their coexistence, as they
are under constant selective pressure for reproduction and
survival



12

G.R. Bentley

Immunoglobulin E (IgE) is an antibody found in mammals and thought to have

evolved as mammals became infested with parasitic worms
(helminths) and protozoa (including malarial parasites).
This antibody is produced and becomes elevated in allergic
conditions such as asthma

Phenotype Refers to the sum of the genetic make-up of an individual

(its genotype) modified by environmental influences expe-
rienced during growth, development, and maintenance
across the life course

Phylogeny The evolutionary relationships between species across long
time spans

Polydactyly A genetic condition characterised by an excess number of
digits or fingers

Population Occurs where populations of individuals reach sufficiently

bottleneck low numbers and variability in the gene pool that genetic

drift is likely to occur
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Chapter 2
“Foetal-Maternal Conflicts” and Adverse
Outcomes in Human Pregnancies

Jimmy Espinoza, M.D., M.Sc., FACOG

Lay Summary

In most pregnancies, there is a delicate balance between foetal demands and
the maternal supply of nutrients; however, in some instances, abnormal
foetal-maternal interactions can lead to pregnancy complications. These
abnormal interactions can occur at the uteroplacental interface, in the pla-
cental vascular system and at the level of foetal-maternal signalling. Some of
the consequences of abnormal foetal-maternal interactions include pregnancy
complications such as foetal growth restriction, pre-eclampsia, gestational
diabetes, preterm parturition and in extreme cases foetal death. We propose
that an absolute reduction in the blood flow to the uteroplacental unit may
participate in the mechanisms of disease in foetal growth restriction,
early-onset pre-eclampsia and maternal thrombophilias, whereas a relative
reduction in the supply line due to an excessive foetal demands for nutrients
may be more relevant in the mechanism of injury in late-onset pre-eclampsia
and gestational diabetes. It is possible that some of these pregnancy com-
plications may have evolved as survival strategies for the foetus or the
mother. In this context, interventions aimed at modulating the maternal blood
pressure during pregnancy or delaying preterm parturition should be tailored
to maximize both maternal and perinatal outcomes.
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2.1 Introduction

The placenta appears to be a ruthless parasitic organ existing solely for the maintenance and
protection of the fetus, perhaps too often to the disregard of the maternal organism.
Ernest W. Page AJOG 1939.

Successful pregnancies depend on a balance between increasing foetal demand for
nutrients and a measured maternal investment to safeguard her reproductive future
[1]. Failure of the well-orchestrated maternal foetal interaction may lead to a
conflict of interests between the mother and her foetus and subsequent pregnancy
complications [2]. The term “foetal-maternal conflict” refers to a conceptual
framework whereby foetal growth and development can happen sometimes at the
expense of the maternal well-being [1-5]. This term has being used to describe
clinical situations in which evolutionary adaptations of the mother appear to be in
conflict with those of her foetus [1, 2, 4, 5]. At the histological level, foetal—
maternal conflicts have been implicated in the mechanisms by which abnormal
trophoblast invasion leads to the failure of physiologic transformation of the spiral
arteries [2, 6-9], chronic uteroplacental ischaemia [10] and pregnancy complica-
tions including pre-eclampsia [1-13], preterm parturition [14, 15], foetal growth
restriction [11, 13, 16, 17] and foetal death [18]. The conventional obstetrical view
is to compartmentalize and treat pregnancy complications as if problems arising
during pregnancy have either foetal or maternal origin. In contrast, the evolutionary
approach to pregnancy complications is to consider them as a result of abnormal
foetal-maternal interactions. This chapter reviews the evidence supporting the
notion that foetal growth restriction, early- and late-onset pre-eclampsia, preterm
parturition and gestational diabetes may result from inadequate foetal-maternal
interactions.

2.2 Research Findings

2.2.1 Foetal Growth Restriction and Abnormal
Foetal-Maternal Interactions

One of the most common expressions of the “foetal-maternal conflict” is mani-
fested in abnormalities of foetal growth. Paternally derived imprinted genes tend to
maximize foetal growth; in contrast, maternally derived imprinted genes tend to do
the opposite [5] presumably as an evolutionary strategy to protect the maternal
well-being. A remarkable example of this view is the observation that human
triploidic foetuses, for which the extra set of chromosomes (a total of 69 rather than
the normal 46 chromosomes) is derived from the mother (dyginic triploidy), are
associated with early-onset foetal growth restriction even in the first trimester of
pregnancy (Fig. 2.1). These foetuses not only have very small bodies and dispro-
portionably large heads but also very thin and small placentas. Moreover, there is
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Fig. 2.1 Ultrasonographic findings in a foetus with dyginic triploidy in the first trimester of
pregnancy note the significant disproportion between the foetal head and the body

sonographic evidence that dyginic triploidic foetuses show blood redistribution to
the foetal brain in the first and early second trimester of pregnancy [19].
Asymmetric early-onset foetal growth restriction in triploidic foetuses may be due
to the chromosomal anomaly, but it is possible that blood redistribution starting
very early in pregnancy may contribute to the phenotype seen in dyginic triploidy.
In contrast, triploidic foetuses for which the extra set of chromosomes is derived
from the father (dyandric triploidy) are associated with partial mole pregnancies.
These foetuses tend to be of normal size but have large molar placentas and are
often associated with early-onset pre-eclampsia before 20 weeks of gestation. It is
noteworthy that pregnancy complications that are normally seen in the second or
third trimester, including foetal growth restriction and pre-eclampsia, can be seen as
early as the first or early second trimester in dyginic or dyandric triploidic preg-
nancies, respectively.

Genomic imprinting is the process by which one copy of a gene is silenced due
to its parental origin. New high-throughput molecular techniques indicate that
several hundred genes are imprinted. Experimental studies provide additional evi-
dence that foetal growth is regulated by paternally or maternally derived imprinted
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genes. The insulin-like growth factor II gene is paternally expressed in the foetus
and the placenta; deletion of a transcript of this gene in mice leads to reduced
placental growth and foetal growth restriction [4]. Grb10 is an adapter signalling
protein that appears to control foetal growth independently from insulin-like growth
factor 2 [20]. Grbl0 is a potent growth inhibitor, and the majority of its gene
expression arises from the maternally derived allele which is located on chromo-
some 7 [20]. In mice, disruption of this allele results in overgrowth of both the
embryo and placenta, such that the mutant mice at birth are 30 % larger than normal
[20]. In humans, about 10 % of individuals affected by Silver—Russell syndrome,
characterized by severe foetal growth restrictions, inherit both copies of chromo-
somes 7 from their mother, and it has been proposed that an overexpression of the
GRB10 gene accounts for these restrictions in growth [20].

2.2.2 Chronic Ischaemia of the Uteroplacental Unit:
Early-Onset Pre-eclampsia and Foetal Growth
Restriction

During pregnancy, the uterus and placenta form an anatomic and functional utero-
placental unit. An absolute uteroplacental ischaemia may result from (i) placental
bed disorders; (ii) vascular insults to the placenta; or (iii) abnormal foetal placental
circulation. Abnormalities in the placental bed and subsequent failure of physiologic
transformation of the spiral arteries in the first or early second trimester [6, 7] limit
the blood flow to the uteroplacental unit. Indeed, high impedance to blood flow in
both uterine arteries, a surrogate marker of chronic reduction of the blood flow to the
uteroplacental unit [21, 22], is associated with the failure of the normal physiologic
transformation of the spiral arteries in placental bed biopsies from patients with
pre-eclampsia [11, 13, 16, 23] and those with foetal growth restriction [11, 13, 16,
17]. However, not all patients with these pregnancy complications have evidence of
failure of physiologic transformation of the spiral arteries [11-13, 16, 17, 23].
Moreover, this pathological finding is not limited to patients with pre-eclampsia or
foetal growth restriction because it has also been described in a subset of patients
with preterm parturition [14, 15] and foetal death [18].

Additional mechanisms leading to absolute uteroplacental ischaemia include
insults to the placental vasculature during pregnancy. Recent reports indicate not
only that pre-eclampsia is associated with placental vascular lesions consistent with
“underperfusion”, but also that the earlier the gestational age at which pre-eclampsia
develops, the higher the prevalence of lesions consistent with placental ischaemia
[24, 25]. Indeed, the frequency of placental histological lesions consistent with
“maternal underperfusion” is as high as 75 % in pre-eclampsia that develop between
25 and 27 weeks and as low as 13 % in pre-eclampsia that develop at more than
41 weeks [25]. These observations suggest that there may be a dose response between
the magnitude of uteroplacental ischaemia and the timing of onset of pre-eclampsia.
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A remarkable example of the latter is the development of pre-eclampsia before
20 weeks of gestation in patients with mole or partial mole. These pregnancy com-
plications are characterized by the presence of “avascular placental villi” or placental
villi with capillary remnants [26]. Thus, by definition, mole and partial mole may
represent an extreme in the spectrum of ischaemic disease of the trophoblast [27]. The
dose response between the magnitude of uteroplacental ischaemia and the timing of
the development of pre-eclampsia suggests that there is an absolute or relative
“trophoblast ischaemic threshold” beyond which pre-eclampsia develops as a foetal
adaptive strategy in an attempt to improve the blood perfusion to the foetal and
placental tissues. It is possible that the response to this threshold may be modified by
gene—environment interaction [28], the magnitude of angiogenic imbalances [27, 29]
and foetal signalling in response to absolute or relative uteroplacental ischaemia
[30, 31].

Accumulating evidence indicates that chronic reduction of blood flow to the
uterus and placenta is associated with imbalances between circulating angiogenic
and anti-angiogenic factors characterized by an excess of the soluble form of
vascular endothelial growth factor (VEGF) receptor 1 (sFlt-1) and the soluble
endoglin (s-Eng) as well as low circulating maternal concentrations of both VEGF
and placental growth factor (PIGF) [27]. Clinical and experimental evidence indi-
cates that angiogenic imbalances are associated with the maternal manifestations of
pre-eclampsia, eclampsia and HELLP syndrome [27]. Teleologically, it is difficult
to believe that natural selection did not select against pre-eclampsia, which can
endanger the survival of both the mother and the foetus. From the evolutionary
point of view, it is possible that in preeclamptic patients, the foetus may stimulate
the placental release of anti-angiogenic factors to increase the maternal blood
pressure in an attempt to increase the blood flow to the placental and foetal tissues.
The magnitude of the angiogenic imbalances, gene—environment interaction (Subtle
differences in genetic factors that cause some people to possess a low risk for
developing a disease through an environmental insult, while others are much more
vulnerable) and other factors may determine whether a patient with chronic tro-
phoblast ischaemia will develop pre-eclampsia, foetal growth restriction, both or
any of the other intermediate phenotypes including gestational hypertension and
gestational proteinuria [27].

Recent reports suggest that among patients with pre-eclampsia, the foetus may
use adenosine among other signalling mechanisms in order to increase the maternal
blood pressure in an attempt to compensate for limited blood flow to the foetal and
placental tissues [27, 30, 32]. In one study [32], the authors compared the foetal
plasma concentrations of adenosine from normal pregnancies with those from
pre-eclampsia; patients with pre-eclampsia were sub-classified into patients with
and without abnormal uterine artery Doppler velocimetry. The results of the study
indicated that foetal plasma concentrations of adenosine were significantly higher in
patients with pre-eclampsia with abnormal uterine artery Doppler velocimetry than
in normal pregnancies. The authors concluded that patients with pre-eclampsia and
sonographic evidence of chronic uteroplacental ischaemia have high foetal plasma
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concentrations of adenosine and proposed that in these patients the foetus may use
the adenosine system and/or other signalling mechanisms to increase the maternal
blood pressure in an attempt to increase uteroplacental blood flow. An elegant
in vitro study provided additional evidence in support of this view [33]. In this
study, the authors determined the adenosine concentrations in foetal venous per-
fusates using isolated dual-perfused human placental cotyledons. In the latter
experimental setting, both the foetal and maternal compartments of the placenta are
perfused under controlled conditions. The authors reported that a substantial
reduction in the perfusion of the maternal compartment of the placenta was asso-
ciated with a significant increase in foetal venous perfusate concentrations of
adenosine and a concomitant increase in foetoplacental perfusion pressure.
Furthermore, perfusate pressure and the concentration of adenosine in the foetal
compartment returned to baseline levels on reperfusion of the “maternal” circuit
[33]. A more recent study using cultures of placental cells indicates that the
administration of adenosine to the cultures significantly increases the concentration
of the anti-angiogenic factor sFlt-1 in the cell culture media under normoxic con-
ditions and that the addition of dipyridamole (an adenosine transporter antagonist
which increases extracellular adenosine concentration) to cell cultures leads to a
significant increase in the concentrations of sFlt-1 in the culture media [34].
Moreover, although hypoxia was associated with a twofold increase in the con-
centrations of sFlt-1 in the cell culture media, blockade of adenosine signalling
(using a non-specific adenosine receptor antagonist) blunted the hypoxic effect on
the concentrations of sFlt-1 and VEGF to a level similar to normoxic conditions
[34]. These results indicate that adenosine signalling is important for placental
overexpression and release of sFlt-1 under both normoxic and hypoxic conditions.
An excess of sFlt-1 is associated with endothelial dysfunction, maternal hyper-
tension and the liver and renal injury described in pre-eclampsia. Collectively, this
evidence suggests that foetal signalling may play an important role in the devel-
opment of pre-eclampsia in the context of chronic reduction of blood flow to the
uteroplacental unit.

2.2.3 Maternal Thrombophilias

Histological vascular lesions have been described in the foetal and/or maternal side
of the placenta in mothers with inherited and acquired maternal thrombophilias
[35-38], but not in foetal thrombophilias [39]. Thus, chronic placental ischaemia
may contribute to the increased rate of adverse pregnancy outcomes observed in
patients with thrombophilias [38, 40-42]. In the context of the foetal-maternal
conflict, it is possible that the evolutionary advantage of preserving thrombophilic
genes in a particular population is to favour the maternal well-being over that of her
foetus, in addition to reducing the risk of peripartum haemorrhage [43, 44].
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2.2.4 Late-Onset Pre-eclampsia

Absolute uteroplacental ischaemia appears to be less relevant in the pathophysi-
ology of late-onset pre-eclampsia, defined as the onset of pre-eclampsia beyond
34 weeks of gestation [45, 46]. Evidence in support of this view includes the recent
observation that more than half of patients with late-onset pre-eclampsia do not
have placental histological lesions consistent with “maternal underperfusion” [47].
Furthermore, late-onset pre-eclampsia is frequently associated with foetuses that are
adequate or large-for-gestational age [45, 48-53]. We proposed that in these cases,
an increased foetal demand for substrates that surpass the placental ability to sustain
foetal growth may induce foetal signalling for placental overproduction of
anti-angiogenic factors and subsequent “compensatory” maternal hypertension [27].
Thus, it is possible that a relative uteroplacental ischaemia due to a mismatch
between a limited uteroplacental blood flow and increased foetal demand for
nutrients may be central to the development of late-onset pre-eclampsia. It is
possible that in both early and late-onset pre-eclampsia, the foetus may signal for
the onset of pre-eclampsia. In early-onset pre-eclampsia, real reduction in blood
flow appears to be central to the disease; in contrast, in late-onset pre-eclampsia,
foetal over-demand may create a state of relative scarcity of nutrients, which in turn
would prompt foetal signalling to elevate the maternal blood pressure.

A large metanalysis demonstrated that overzealous attempts to control blood
pressure during pregnancy are associated with foetal growth restriction [54]. These
observations suggest that pre-eclampsia may have evolved as one of the foetal
strategies to compensate for a relative or absolute uteroplacental ischaemia.

2.2.5 Abnormal Foetal-Maternal Interactions and Preterm
Parturition

Foetal strategies to cope with chronic uteroplacental ischaemia may include growth
restriction, foetal signalling to increase the maternal systemic blood pressure leading
into pre-eclampsia [30, 31] or preterm parturition to exit an inadequate intrauterine
environment. The observation that the absence of physiological transformation of
spiral arteries is also present in a subset of patients with spontaneous preterm delivery
[14, 15] suggests that the clinical manifestations of “foetal-maternal conflict” may
also include preterm parturition. Smallness at birth may be the result of different
insults during pregnancy including chronic reduction of blood flow to the utero-
placental unit. In some growth-restricted foetuses, spontaneous preterm parturition
(Delivery before 37 weeks of gestation) may represent a survival strategy to exit an
inadequate intrauterine environment [55]; failure of this adaptive strategy may result
in foetal or neonatal death. Evidence in support of this view includes the observations
that spontaneous preterm parturition is associated with foetal growth abnormalities
[56-66]. Of note, the association of smallness at birth (less than 10th percentile for
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gestational age) and prematurity confers a higher risk of foetal [67] or neonatal death
[68] among other adverse perinatal outcomes [68—73]. To the extent that preterm
parturition is a survival strategy to exit an inadequate intrauterine environment, the
safety of tocolysis (interventions to stop uterine contractions) in the growth-restricted
premature foetus should be re-evaluated.

2.2.6 Gestational Diabetes

David Haig in a very insightful article proposed that gestational diabetes mellitus
(GDM), among other pregnancy complications, may also be the result of a foetal—
maternal conflict [1]. Dr. Haig proposed that a mother and her foetus compete after
every meal over the glucose share that each one receives in a way that

The longer the mother takes to reduce her blood sugar, the greater the share taken by her
fetus. [1]

In the last half of pregnancy, there is an increased tissue resistance to the action of
insulin; to compensate for this, the mother increases insulin production. According
to the foetal-maternal conflict hypothesis, this is caused by foetal signalling using
placental allocrine hormones including human placental lactogen (hPL) and human
placental growth hormone among others, to guaranty its adequate glucose supply,
whereas the increased production of insulin would be a maternal countermeasure [1].
Thus, the nutrient content in the maternal blood may be determined by the balance
between foetal signalling using placental-derived hormones and maternal counter-
measures. Human experimentation done in the late 1960s provides evidence sup-
porting the notion of the diabetogenic effect of hPL [74, 75]. Indeed, intravenous
infusion of physiological amounts of hPL to non-pregnant subjects is associated with
glucose intolerance despite increased insulin responses [74]. It is possible that failure
of a well-orchestrated maternal-foetal interaction, between foetal signalling
increasing the placental production of diabetogenic hormones and maternal coun-
termeasures increasing insulin production, may lead to GDM. Thus, gestational
diabetes would develop if a woman were unable to increase her insulin production
sufficiently to match the increased peripheral insulin resistance.

A large population-based study indicated that GDM is an independent factor for
the development of pre-eclampsia after controlling for confounding factors
including maternal age, parity, BMI, smoking and chronic hypertension or renal
disease (Adjusted Odds-Ratio: 1.61, 95 % CI: 1.39-1.86) [76]. Moreover, a large
retrospective study in the USA involving 1813 women with GDM demonstrated
that the rates of pre-eclampsia among those with poor glycaemic control were about
twice as high as those with better glycaemic control (18 % vs. 9.8 %; OR: 2.56,
95 % CI: 1.5-4.3) [77]. However, there is limited literature in regard to the timing
of onset of pre-eclampsia among women with GDM.

In a study involving 45 patients with GDM demonstrated normal placental
histology in 80 % of them [76], thus, placental vascular lesions are not common in
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the foetal or maternal side of the placenta in women with GDM. Since this preg-
nancy complication is associated with large-for-gestational age neonates, it is
possible that in women with GDM who develop pre-eclampsia, an increased foetal
demand for substrates that surpass the placental ability to sustain foetal growth may
induce foetal signalling for placental overproduction of anti-angiogenic factors and
subsequent “compensatory” maternal hypertension. Additional studies are needed
to explore the role of angiogenic imbalances in these patients.

2.3 Implications for Policy and Practice

The recognition that some pregnancy complications may be due to abnormal foetal—
maternal interactions is important for the clinical management of these pregnancy
complications. In the context of a long-lasting reduction of blood flow to the foetal
and placental tissues, the foetus may signal the placental release of “pressor sub-
stances”, which could elevate the maternal blood pressure in an attempt to increase
the delivery of nutrients to the foetus. Any medical attempt to “normalize” the
blood pressure in the mother could be deleterious to the foetus by preventing the
beneficial effect of a compensatory mechanism. The use of medications to lower the
blood pressure should be aimed at reducing the blood pressure to a level that will
prevent cardiovascular accidents in the mother, but not at “normalizing” the blood
pressure. Similarly, the use of medications to stop the uterine contractions in
women with preterm labour should be judiciously used in foetuses that are
growth-restricted because it is possible that the foetus may have initiated the pro-
cess of premature labour in order to exit a hostile intrauterine environment.

Glossary

Pre-eclampsia Hypertensive disorder of pregnancy that typically starts
after the 20th week of pregnancy.

Genomic imprinting The process by which one copy of a gene is silenced
due to its parental origin.

Mole pregnancy Results from a genetic error during the fertilization
process that leads to growth of abnormal placenta
within the uterus.

Grb10 Growth factor receptor-bound protein 10 also known as
insulin receptor-binding protein.

Spiral arteries Small arteries that are remodelled into highly dilated

vessels during pregnancy to increase the blood supply
to foetal and placental tissues.
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pre-eclampsia, foetal growth restriction, and foetal
death.
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to this unit.

Promote the viability and growth of endothelial cells.
Foetal signalling: proposed pathways used by the foetus
to alter the maternal of placental physiology.

A severe form of pre-eclampsia characterized by
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Chapter 3
Obstructed Labour: The Classic Obstetric
Dilemma and Beyond

Emma Pomeroy, Ph.D., Prof. Jonathan C.K. Wells, Ph.D.
and Jay T. Stock, Ph.D.

Lay Summary The obstetric dilemma (OD) theory proposes that walking on
two feet (bipedalism) favours narrower hips, while the large human brain
favours wider hips with a more spacious birth canal through which the baby’s
head can pass. These competing demands on pelvic size and shape were
argued to have resulted in a tight fit between foetal head size and the maternal
birth canal, causing a long, painful childbirth and high risks of obstructed
labour in humans. While this ‘classic’ OD has been widely accepted among
anthropologists and medical researchers as an explanation for the human
pattern of childbirth, obstructed labour may not be an inevitable consequence
of the OD. Rather, rates of obstructed labour may vary over space and time in
relation to more recent changes in growth, diet, weight and health resulting
from alterations to our environment (both natural and caused by humans).
Importantly, this suggests that the modern burden of obstructed labour, which
accounts for up to 14 % of maternal deaths in low- and middle-income
countries, can be reduced by focussing on lifestyle factors. Changing the
typical birth posture may also help, and a closer examination of parental and
foetal body measurements may aid in identifying the mothers most at risk of
labour complications.
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3.1 Introduction

The OD [1] suggests that humans have a uniquely protracted, painful birth with
increased risk of obstructed labour (where mechanical problems such as a large
foetal head, shoulder dystocia or malpresentation of the foetus prevent its passage
through the birth canal [2]) because two key characteristics of our species place
antagonistic demands on pelvic form [3-5]. Bipedalism was proposed to favour a
narrow pelvis for efficiency [6], while the exceptionally large size of the human
brain necessitated a larger pelvis with a more spacious birth canal, resulting in a
tight fit between foetal head and maternal bony birth canal. The OD has become
widely accepted in anthropology and medicine, and blamed for a variety of birth
complications including cephalopelvic disproportion, shoulder dystocia, and rising
Caesarean rates [7-9]. However, this classic notion of a persistent OD leading to
birth complications among humans is increasingly being challenged. In this chapter,
we briefly outline some recent challenges to the OD and then focus on the link
between the OD and obstructed labour in contemporary population. Rather than
seeing obstructed labour as an inevitable outcome of the OD, we evaluate how rates
probably vary temporally and between populations as a result of the influences of
lifestyle and environmental conditions on maternal and offspring phenotype. By
providing insight into the causes of such problems, an evolutionary view offers
novel perspective on appropriate strategies to manage and reduce their impact.

3.2 Research Findings

3.2.1 Pelvic Morphology, Parturition and Locomotion

Proponents of the OD argue that the close fit between neonatal head size and the
birth canal led to the evolution of uniquely human prolonged and painful labour,
necessitating a rotational birth mechanism, assistance during childbirth, and
increasing rates of maternal and/or neonatal mortality due to obstructed labour
[4, 10, 11]. However, the uniqueness of these characteristics is open to question,
and more fundamentally, evidence for key assumptions underlying the OD has been
challenged [12—-14], as we review briefly here.

The existence of selective constraints of bipedalism on pelvic morphology is not
well supported. The alternative proposal that a broader pelvis offers greater walking
efficiency [15] has recently been supported by empirical studies (summarised in
[14, 16]). In addition, while shorter individuals generally have smaller pelves, birth
canal size is maintained among certain recent small-bodied populations despite an
absolutely narrower pelvis, suggesting a wider birth canal is compatible with
adequate locomotor efficiency [17, 18]. Furthermore, pelvic breadth is also under
climatic selection [19-21]. If the heat-retaining benefits of greater pelvic breadth in
cold conditions outweigh hypothetical penalties in locomotor efficiency, it makes
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Fig. 3.1 The relationship between maternal pelvic inlet and neonatal head size in various
primates, including our closest relatives the great apes (botfom row) (as redrawn in [4]). Ateles:
spider monkey, Nasalis: proboscis monkey, Macaca: macaque, Hylobates: gibbon, Pongo:
orang-utan, Pan: chimpanzee, Gorilla: gorilla and Homo: modern humans
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little sense that pelvic dimensions could not increase to alleviate obstetric problems,
which are likely under strong selection [22].

There also appears to be scope for natural selection to have decreased obstetric
constraints on pelvic morphology. The relatively close fit between neonatal head
size and maternal bony birth canal is not uniquely human [23] (Fig. 3.1). Some
mammals have a much greater degree of disparity between neonatal and maternal
pelvic canal size than humans, yet solutions to the problem have evolved in those
species. For example, in free-tailed bats, the maternal intrapubic ligament stretches
to ~ 15 times its usual length during birth [24]. Significant increases in human bony
birth canal size could be achieved with relatively small increases in diameter that
fall within existing variation in humans, suggesting that the OD could have been
relieved relatively easily by natural selection. A mere 3 % increase in maternal
pelvic canal diameter would permit a 10 % increase in neonatal brain size and so
reduce the OD substantially [25]. There is also evidence to suggest a degree of
uncoupling between locomotor and obstetric features of the pelvis in our evolu-
tionary lineage, allowing more independent evolution of these characters than in
great apes [26]. Finally, the bony birth canal is as variable as other pelvic or limb
bone dimensions [27] and as variable in males as in females [28, 29], which is
inconsistent with female pelvic morphology being under particularly high obstetric
constraint.
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However, it is also worth noting that culture is a key adaptive response to a wide
range of factors among humans, and some argue that childbirth assistance from
other individuals (‘midwives’) may have evolved relatively early in the human
evolutionary lineage [4, 10]. This could have reduced the selective pressure for
biological adaptation to the tight fit between the birth canal and infant head.

3.2.2 Cephalopelvic Disproportion and Obstructed Labour:
The Consequences of an Environmentally Induced
Obstetric Dilemma?

The focus here is on the relationship of obstructed labour to the OD. Obstructed
labour is a significant problem in contemporary agricultural and industrial popu-
lations, particularly in low- and middle-income countries where it accounts for 4,
9.5 and 13.5 % of maternal deaths in Africa, Asia and Latin America, respectively
(though it is notable that post-partum haemorrhage and infections and hypertension
actually account for more maternal deaths [30]). Rather than being an inevitable
consequence of the OD, as some have suggested previously, obstructed labour may
vary in frequency relative to social and environmental conditions, and under-
standing the relationship between the environment and obstructed labour is there-
fore relevant to trying to reduce its burden.

Short maternal stature is among the strongest predictors of obstructed labour and
Caesarean delivery [31-33], so the long-term trends in height may also offer insight
into the temporal origin of obstructed labour. Smaller women generally have
smaller pelves and thus the greater risk of cephalopelvic disproportion (a form of
obstructed labour where the infant’s head is too large to pass through the mother’s
bony birth canal, necessitating Caesarean delivery) [32]. While size at birth is
influenced by both maternal and paternal genetics [34—36], maternal phenotype
(height and weight) is a primary determinant of foetal nutrition so that shorter,
thinner mothers typically give birth to smaller, lighter babies [36—-38]. In many
populations, short female stature results from environmental conditions (poor diet,
disease) in the current and preceding generations [39]. Although smaller mothers do
have smaller and lighter babies, ‘brain-sparing’ growth may still increase the risk of
cephalopelvic disproportion by preserving head (brain) size at the expense of other
organs [40, 41].

The greater plasticity of height and weight compared with head size could mean
that altered environmental conditions cause more rapid change in maternal body
size than head circumference and thus elevate obstructed labour risk [12]. When
small stature evolves over an extended period, the size of the birth canal is pre-
served [17, 18], but obstructed labour may be more frequent where maternal body
size has decreased relatively recently and appropriate adaptations in pelvic
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morphology are lacking [12]. Modern rates of obstructed labour could therefore
have arisen with the adoption of agriculture in the last 10,000 years [12, 42], which
was frequently associated with markedly decreased stature compared with pre-
ceding hunter-gatherer populations, probably due to increased rates of infection
associated with living in settlements, nutritional deficiencies resulting from a less
varied diet, and increased famine risk among agriculturalists [43, 44]. Alternatively,
current obstructed labour rates could reflect more recent fluctuations in income and
food security in low- and middle-income countries [12].

We know little about past rates of obstructed labour, and estimating
childbirth-related death rates in the past is difficult [12, 45]. While the archaeo-
logical record offers examples of deaths in childbirth, these are rare cases where the
infant remains within the birth canal (reviewed in [12]). As humans were
hunter-gatherers for over 90 % of our species’ history, data from modern
hunter-gatherers could offer some insight into past obstructed labour rates.
Unfortunately, few relevant data are available and they may be problematic,
especially for extrapolating to preagricultural societies [12]. Anecdotally though,
birth is quicker and obstructed labour extremely uncommon in hunter-gatherer
groups including small-bodied populations (‘pygmies’) [42, 46], suggesting greater
coordination of height and pelvic canal dimensions in these populations.

The problem of mismatched maternal height and offspring head size may be
further exacerbated by the current global obesity and diabetes ‘epidemics’ [12].
Maternal overweight, obesity, excess pregnancy weight gain and gestational or
pre-existing diabetes are associated with foetal macrosomia [37, 47, 48] and neg-
ative birth outcomes including obstructed labour [48-50]. As obesity rates rise,
foetal macrosomia and associated problems may become more common unless
female pelvic size also increases. The relationships between height, overweight,
obesity and obstetric dimensions are not well studied. Although external pelvic
dimensions at least do not seem to increase in concert with secular trends in height
[51-53], external dimensions do not necessarily reflect the obstetrically relevant
dimensions of the birth canal. Theoretically, more frequent Caesarean sections may
be reducing the selective pressure against cephalopelvic disproportion where
women can access this procedure, but simultaneously further increase the
obstructed labour rates [54], and thus the need for Caesareans in subsequent
generations.

Contemporary mothers in low- and middle-income countries probably face the
greatest burden of obstructed labour as they are more likely to be shorter due to
their own poorer growth environment, and simultaneously at increasing obesity risk
with westernisation [55]. Low birthweight and short adult stature are associated
with increased risk of obesity and type 2 diabetes, especially in an obesogenic
environment [40, 56, 57], potentially further increasing the likelihood of obstructed
labour.
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3.3 Implications for Policy and Practice

An evolutionary perspective suggests that obstructed labour does not result from the
‘classic’ OD, but is temporally and environmentally contingent. It has been par-
ticularly exacerbated by more recent lifestyle changes and environmental impacts
on maternal and/or offspring phenotype [12]. This has important implications for
healthcare policy and practice in that the OD is not an unavoidable feature of our
species, but one that can be managed through nutrition and healthcare. While
Caesarean sections offer an immediate solution, other strategies to reduce
obstructed labour rates are preferable in the light of limited healthcare access in
poorer communities, the financial cost to health services, associated health risks for
mother and child [58—62] (although see [63]), and the potential consequent increase
obstructed labour rates in subsequent generations [54]. Therefore, focussing on diet
and lifestyle factors to reduce obstructed labour rates is highly preferable, especially
considering the health benefits, such changes bring to the wider community and
across the life course.

3.3.1 Promotion of Healthy Weight and Lifestyle

In low- and middle-income countries, ensuring adequate maternal and child
nutrition and health, especially for girls, will help to reduce the incidence of short
maternal height and associated risks [9, 64], as well as bringing more widespread
health improvements. Conversely, the associations between maternal obesity,
excess pregnancy weight gain, diabetes, foetal macrosomia, obstructed labour and
other birth complications give further urgency to the need to promote healthy
lifestyles, especially among reproductive age women [47, 65-67] Given debates
concerning the definition of appropriate pregnancy weight gain [65, 68, 69], more
research is needed to enable medical practitioners to offer evidence-based guidance.
The promotion of healthy maternal weight gain will also have wider-reaching
benefits for offspring health across the lifespan [67, 70, 71].

3.3.2 Maternal Stature and Reducing Obstructed Labour

The higher plasticity of maternal body mass index compared with stature and pelvic
morphology, and the link between high maternal body mass index and neonatal
size, suggests that obstructed labour rates may take multiple generations to decline
[12]. Secular trends in stature in high-income countries occurred incrementally over
multiple decades [72]; thus, the alleviation of obstructed labour by increasing
maternal stature in low- and middle-income countries is likely to take several
generations. However, faster increases in obesity rates may perpetuate and even
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Birth weight

Maternal height

Obstructed labour
risk

—_—
Agriculture Westernisation

Fig. 3.2 Schematic representation of the relationship between maternal height, birthweight and
obstructed delivery rates in low- and middle-income countries. After adopting agriculture, stature
declined faster than birthweight and head circumference, and obstructed labour increased. With
westernisation, maternal body mass index and diabetes increase rapidly, driving greater
birthweight, while increased maternal stature takes multiple generations

exacerbate obstructed labour rates (Fig. 3.2). There is also evidence for a ‘vicious
cycle’ of maternal and offspring obesity [73], potentially perpetuating and exac-
erbating obstructed labour across generations. Interventions during pregnancy to
limit excess weight gain and regulate blood glucose can reduce foetal macrosomia
and associated complications among overweight/obese mothers [69, 74, 75].

3.3.3 Childbirth Posture

In many traditional societies, childbirth positions were often upright, i.e. squatting,
kneeling or sitting [4, 45, 76, 77], while the western supine or semi-recumbent
position probably originated in the nineteenth- to twentieth-century medicalisation
of childbirth [78, 79]. Upright birthing enlarges the bony birth canal by up to 28 %
[80, 81] and may benefit both mother (e.g. reductions in pain, duration of the 2nd
stage of labour, episiotomy, forceps assistance and perineal tearing [82-84]) and
newborn (reduced incidence of abnormal heart rate, intensive care admissions [85]).
However, some studies report increased maternal blood loss [85], and several report
no difference in other neonatal outcomes with upright birth posture (e.g. Apgar
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scores [82, 83, 86]). A recent Cochrane review [85] indicated that the current
evidence is low quality; more research is needed as an upright posture has potential
to offer a simple means of reducing obstructed labour [12].

3.4 Future Directions: Identifying Mothers at Risk
to Target Birth Intervention More Effectively

While maternal height, body mass index, pregnancy weight gain, and pelvic and
other measurements show significant associations with obstructed labour [32, 87,
88], they have limited predictive power and current UK guidelines warn against the
use of maternal measurements to predict Caesarean for cephalopelvic disproportion
[89]. Combining foetal and maternal characteristics may be more accurate [32, 90],
but predictive power remains relatively low. Promising areas for investigation
include identification of large foetal head circumference by ultrasound in late
pregnancy [91] and disproportionately large foetal mass relative to head circum-
ference in macrosomic infants [4, 92], and predicting cephalopelvic disproportion
risk from the ratio of parental head circumference to height [33, 93].

Glossary

Cephalopelvic The infant’s head is too large to pass through the bony birth
disproportion canal of the mother’s pelvis, necessitating Caesarean
delivery

Obstructed labour Where labour fails to progress as a result of mechanical
problems, e.g., cephalopelvic disproportion, shoulder dys-
tocia or malpresentation of the foetus, which prevent its
passage through the birth canal [2]

Phenotype The physical characteristics of an individual, population or
species. They represent the interplay of genetic and envi-
ronmental influences on the body

Plasticity The degree to which a given biological characteristic can
be modified in response to environmental factors.
Characteristics that are more responsive to the environ-
ment, and so less strongly genetically determined, are
described as plastic

Shoulder dystocia During labour, the shoulder is trapped behind the maternal
pelvis (typically the pubic symphysis, or the sacrum) fol-
lowing passage of the head
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Chapter 4

Bottle Feeding: The Impact

on Post-partum Depression, Birth Spacing
and Autism

Gordon G. Gallup, Jr., Ph.D., Kristina N. Spaulding, Ph.D.
and Fatima Aboul-Seoud, B.A.

Lay Summary Bottle feeding puts mothers out of phase with an integral
feature of mammalian evolutionary history. In this chapter, we document
some of the negative heath-related consequences that bottle feeding has not
only for the baby but for the mother as well. Inspired by evolutionary theory,
we make numerous suggestions for steps that could be taken to minimize
some of these medical and psychological issues that have occurred as a result
of bottle feeding as an alternative to breastfeeding.

4.1 Introduction

The existence of a growing number of discrepancies or mismatches between
evolved human adaptations and the conditions many of us now confront as a
consequence of recent technological changes is a focus point for those who aim to
address the medical issues using “evolutionary thinking”. As a result of the agri-
cultural, industrial and technological revolution, we have increasingly emancipated
ourselves from some of the conditions that gave rise to our existence.
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Body fat is a classic case in point. While seen as a risk factor for many medical
problems, endogenous stores of body fat used to be adaptive. As illustrated by the
phrase “feast or famine”, variation in food supplies was undoubtedly a common
recurring condition during most of human evolutionary history (see also Chap. 8).
When food was available, it would have been adaptive to overindulge and consume
excess calories that could be stored in the form of body fat and later utilized to
enable humans to bridge periods when food was scarce. However, nowadays, as a
result of modern agriculture, we have unwittingly created what amounts to a
continuous feast in many parts of the world where food is widely available in
almost limitless quantities, which puts us out of phase with the conditions that used
to prevail during our evolutionary history. As a consequence of the evolved
propensity to overeat in response to the abundance of food, this leads to obesity,
diabetes, and cardiovascular problems. The same can be reasoned for the pho-
toperiod. In spite of seasonal variation in the amount of daylight, through artificial
illumination, we have created conditions nowadays in which many people spent 16
or more hours every day in the light. Not only has this unwittingly created what
amounts to a continuous summer, but it has ushered in ways where more and more
people have the option of working and being active under conditions that put them
out of phase with the photoperiod, and there is growing evidence that this carries a
number of health risks as well [1].

In this chapter, we focus on bottle feeding as an alternative to breastfeeding and
attempt to identify and resolve some of the medical and psychological problems
posed by the evolutionarily novel introduction of bottle feeding as a means of
nourishing infants [2]. For most of human evolutionary history babies that were not
breastfed would have perished and the decision not to breastfeed would have been
tantamount to committing infanticide [3]. The technology needed to make bottle
feeding an option is very recent and is a good example of an evolutionary mis-
match. Not only is the formula that has been developed for bottle feeding a poor
substitute for breast milk that may compromise the health of the infant [4], but
mothers who bottle-feed their children also unwittingly put themselves at risk.
Studies have shown that women who bottle-feed are at an elevated likelihood of
becoming overweight [5] and developing breast cancer [6].

The decision to bottle-feed can be made for any number of reasons, including a
concern about the effect breastfeeding might have on the mother’s figure, embar-
rassment over breastfeeding in public, time and social constraints due to employ-
ment, or because of a physical inability to breastfeed or failure to produce adequate
breast milk. These are all legitimate reasons upon which a mother is entitled to base
her decision, and we stress that this decision is ultimately hers to make. Although
this chapter highlights the potential problems that can arise with bottle feeding,
there are always trade-offs with any decision. Our goal is to outline the possible
adverse outcomes and suggest better alternatives to the ones that are widely used
today so that women can make more informed decisions for themselves and their
babies.
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4.2 Research Findings

4.2.1 Bottle Feeding and Post-partum Depression

The absence of breastfeeding and the cessation of breastfeeding both trigger hor-
monal changes that function to terminate the production of breast milk (see Ref. [3]
for details). During most of human history, the absence or sudden cessation of
breastfeeding would often have been occasioned by the death of the child and as a
consequence, it has been argued that at the level of the mother’s basic biology,
bottle feeding may simulate or approximate some of the conditions associated with
the loss of a child [3]. The death of a child is a powerful stimulus for depression,
especially among women [7], and growing evidence implicates bottle feeding as a
significant risk factor for post-partum depression [8]. In a recent study, we dis-
covered that in contrast to mothers who breastfed their babies, mothers who bottle
fed were more likely to develop depressive symptoms during the post-partum
period even after controlling for age, education, income, and the woman’s rela-
tionship with the child’s father [3]. We also found that mothers who bottle-fed
reported wanting to hold their babies more. This apparent bottle feeding
enhancement of infant holding may be reminiscent of common reports among many
non-human primates where in response to the death of an infant, mothers often
engage in excessive holding, carrying and clinging to the corpses of dead babies for
prolonged periods of time. Consistent with our analysis, weaning also simulates
child loss and weaning has been show to trigger maternal depressive episodes in
many women [3].

4.2.2 Antidepressants and Breastfeeding

Women who develop post-partum depression and are treated with antidepressants
are sometimes advised to discontinue breastfeeding because of a concern that the
medication may get into the mother’s milk and adversely affect the infant. The FDA
does not recommend breastfeeding for women who are taking antidepressants,
because of reported cases of adverse effects on infants [9]. However, most
antidepressants have been demonstrated to be safe, only transmitting 1 % of the
mother’s dose per kilogram to the baby, which is neither toxic nor has it been
shown to cause any developmental delays [10]. With few exceptions such as
fluoxetine and nefazodone, most antidepressants have not been found to cause any
negative effects to infants of mothers who were taking them while breastfeeding,
and as a result, continuation of breastfeeding while taking antidepressants is now
often encouraged [9, 11]. Thus, from the perspective we are taking, the decision to
recommend that depressed mothers stop breastfeeding is ill-informed because it
could exacerbate rather than resolving the problem by simulating the death/loss of
the infant at time when the mother is already suffering from depression. The same



50 G.G. Gallup Jr. et al.

may be true of other medical procedures. Antiquated hospital practices such as
keeping newborns in nurseries that involve repeated separation of the mother from
her infant may also unwittingly simulate child loss and contribute to the develop-
ment of post-partum depression.

4.2.3 Bottle Feeding Breast Milk

With the availability of modern breast pumps for expressing breast milk, working
mothers and others who cannot always be present to breastfeed now have the option
of providing babies with the nutritional advantages of breast milk by using bottles.

The proximate mechanisms by which breastfeeding facilitates attachment to
infants has been studied extensively. Oxytocin, a hormone that promotes bonding,
is released by the mother as well as the infant when breastfeeding occurs [12, 13].
Mothers report an increase in positive affect and feelings of love for their baby after
breastfeeding, which is thought to be influenced by the release of oxytocin [12],
whereas mothers may experience a negative change in mood after bottle feeding
[14]. While nourishment of the infant is an important function of breastfeeding,
there are many signals that the mother receives, such as skin-to-skin contact and the
scent of her baby, which, when paired with the act of breastfeeding, reinforce and
promote bonding and caring for the child.

While breastfeeding can act as a buffer against post-partum depression, many
women, especially those who work, do not have the option to breastfeed on demand
but instead can opt to express milk and have a caretaker bottle-feed their breast milk
to the baby while they are away. To minimize the adverse psychological effects that
bottle feeding may have on mothers who express milk for their babies, and reduce
cues that might otherwise approximate or simulate child loss, we recommend
instituting the following procedures during times when mothers express breast milk.
Using evolutionary history as a guide, it is possible to do this in ways that
approximate the contexts in which breastfeeding typically occurs to achieve max-
imum benefits. When expressing milk ordinarily, the child is absent, so the mother
is not receiving the breastfeeding signals she would otherwise. She does not
experience skin-to-skin contact with her baby, nor does she smell or hear her child,
nor is her nipple stimulated directly by her child. Oxytocin peaks when suckling
starts just before the release of milk, but this does not always happen with other
methods of expressing milk [15]. Some mothers have difficulty expressing milk
because oxytocin stimulates the let-down reflex which makes milk available in the
sinuses behind the nipples, and without the baby present, oxytocin is not as readily
released. Consistent with an evolutionary approach, it has been recommended that
mothers look at a picture of the baby, hear the baby cry or smell the baby (using an
article of clothing), in order to stimulate the reflex and help the mother express milk
[16]. From an evolutionary perspective, we would suggest that the closer the match
between breastfeeding and the context in which milk is expressed, the more
effective it will be. When expressing milk, we would predict that it would be even
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more effective to watch a video of the baby that was taped on an earlier occasion of
breastfeeding. To maximize the effect, it would be important to position the camera
over the mother’s shoulder to approximate what the mother sees while she engages
in breastfeeding. It might even be better if the videotape also included sounds that
the baby typically makes while it is actually breastfeeding.

4.2.4 Bottle Feeding, Birth Spacing and Autism

Bottle feeding not only creates or approximates some of the conditions that used to
be associated with the death of a child, but it also unwittingly undermines the
existence of some important evolved birth spacing mechanisms [17]. Breastfeeding
functions to promote birth spacing by creating hormonal changes that lead to lac-
tational amenorrhoea (the absence of menstruation) and anovulation. In other words,
among women who breastfed, the resumption of regular menstrual cycles and
ovulation are typically delayed, and these changes function to reduce the likelihood
of early/premature re-impregnation during the post-partum period. During human
evolutionary history, it was common for breastfeeding to last 3—4 years following the
birth of a child [18], and without bottles, early weaning was not an option.

Pregnancy and breastfeeding are nutritionally very expensive and taxing for the
mother, and as a consequence, re-impregnation during the early post-partum period
could adversely affect the availability of milk for the existing child and at the same
time diminish the nutritional status of the prenatal environment for the developing
foetus. Consistent with this analysis, recent evidence implicates birth spacing as a
risk factor for autism. Research shows that children who are conceived within a
year or two of their previous sibling are significantly more likely to develop autism
[5]. Indeed, children who are conceived within a year of their next oldest sibling are
three times more likely to develop autism. We have argued that these peculiar
birth-order effects on the risk of autism may be a consequence of deficiencies in the
prenatal environment that occur as a result of closely spaced pregnancies that are
unwittingly due to bottle feeding and/or early weaning [17]. Thus, a mother’s
decision to bottle-feed her child may make re-impregnation more likely during the
early post-partum period and thereby increases the risk of autism in her next child.
One way doctors could reduce this risk would be to recommend birth control for
mothers who are bottle-feeding as a method to promote planned birth spacing.
Research showing a high degree of concordance in the incidence of autism not only
among identical twins, but also among fraternal twins [19] is highly consistent with
this bottle feeding/birth spacing hypothesis as it pertains to the prenatal intrauterine
environment.
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4.2.5 Other Bottle Feeding and Birth Spacing Problems

As further evidence that the prenatal/gestational environment is compromised by
closely spaced pregnancies, children born within two years or less of one another
are at increased risk of preterm birth, low birthweight and being small for gesta-
tional age [20, 21]. These results were based on a meta-analysis of studies con-
ducted in the USA, Latin America, Asia, Europe and Australia. In developing
countries, abbreviated periods of birth spacing between successive siblings are also
associated with increased mortality for children less than 5 years of age [21], and
these effects show a dose-dependent relationship, with shorter inter-birth intervals
being associated with stronger negative effects. This study controlled for a number
of possible confounding factors including maternal age at birth, survival of the
preceding child, education, index of wealth and source of drinking water. Rutstein
[21] argued that waiting 36 months to conceive again could reduce
under-five-year-old deaths by as much as 25 %.

Also consistent with the evolutionary mismatch hypothesis, prolonged periods
separating the birth of successive siblings have also been associated with negative
outcomes. Inter-birth intervals exceeding five years are associated with an increase
in the risk of pre-eclampsia [20] even after controlling for maternal age. The risk of
preterm birth, low birthweight and small gestational age also increase after
59 months [20], and the same is true for the risk of mortality prior to age 5. The
results of these studies suggest that optimal birth spacing for humans may be 3—
4 years. These results map surprisingly well on to the typical amount of time
breastfeeding lasts under preindustrial conditions that resemble those thought to be
typical of human evolution. The connection between long intervals and poor out-
comes is not surprising, since once lactation stops most women would have
resumed normal cycling and become pregnant again shortly thereafter. Therefore,
throughout most of human history, birth intervals of 5 years or more would have
been the exception rather than the rule.

4.2.6 Bottle Feeding and Other Birth Spacing Anomalies

It is worth mentioning that birth spacing has a number of other behavioural side
effects. Closely spaced pregnancies that occur as a consequence of bottle feeding
elevate the risk of sibling rivalry [22]. Closely spaced births likewise appear to
compromise the cognitive capacity of firstborn children by perhaps
diminishing/diluting the intellectual environment of the family [23], and the same
may hold true for cognitive impairment among subsequent children as a result of
depleting long-chain polyunsaturated fatty acids in maternal gluteofemoral fat
stores, which have been implicated as being important in healthy pre- and neonatal
brain growth and development [24]. Birth spacing also has other behavioural
effects. Intervals of less than 24 months have been associated with the increases in
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neglectful parenting, behavioural problems and a decrease in cognitive functioning
in 1st grade of the younger child [25].

4.2.7 Obstacles to Breastfeeding in Medical Practice

Despite numerous benefits for both mothers and infants, rates of breastfeeding
remain relatively low. Globally, less than 40 % of infants are exclusively breastfed
for the first six months [26]. These numbers are further broken down into WHO
regions as follows: African (35 %), the Americas (30 %), South-east Asia (47 %),
European (25 %), Eastern Mediterranean (35 %) and Western Pacific (no data).
Based on income, 47 % of low income, 38 % of lower middle income and 18 % of
high income are exclusively breastfed for the first 6 months (no data for “upper
middle income”). Evolutionary thinking can serve as a useful guide for increasing
breastfeeding success. For most of human history, all babies would have been born
vaginally, experienced almost immediate contact with their mothers and initiated
breastfeeding shortly after birth. Caesarean sections put both mothers and infants
out of phase with some of the critical features associated with the birthing process.

A large body of research has identified a negative correlation between Caesarean
delivery (CD) and positive breastfeeding outcomes. In a study of American
mothers, CD was associated with a decreased likelihood of breastfeeding initiation
[27]. These results have been replicated in a number of other studies conducted
elsewhere, including Perez-Escamilla et al. [28] (Mexico), Gubler et al. [29]
(Switzerland) and Radwan [30] (United Arab Emirates). In some cases, CD has also
been associated with a decreased duration of breastfeeding [29]. Even in CD
mothers who initiate breastfeeding, there are differences compared to vaginal
delivery (VD) mothers. In one study, the mean rate of breast-milk transfer among
breastfeeding mothers was lower in CD mothers [31]. In addition, 25 % of CD
infants had not suckled within the first four hours after delivery, whereas the
number was only 3 % for VD mothers. CD mothers also received lower LATCH
scores (rating quality of breastfeeding) than VD mothers [32].

The negative effects of CD on breastfeeding are found in both planned and
emergency C-sections [31, 33, 34]. There are several possible explanations for these
results, including delayed contact with the mother and negative side effects of drugs
used during CD. CD not only appears to delay lactation [5, 35], but CD mothers
may also show decreased levels of oxytocin and prolactin post-partum [36]; both of
these hormones play an important role in lactation and maternal bonding.

Some hospital practices may encourage breastfeeding in VD and CD mothers
alike. Rooming in, skin-to-skin contact and early initiation of breastfeeding are all
associated with breastfeeding initiation and success [29, 30, 37]. Physical contact is
particularly important. Babies that experience their first physical maternal contact
within five minutes of birth and who room in with their mothers for 24 h show
increased rates of nursing [29], increased likelihood of breastfeeding [30] and
decreased use of bottle at discharge from the hospital [29]. Obviously, for babies
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that do not room in with the mother on a 24-h basis, the opportunity for physical
contact is reduced. One study of women in Sweden found that only 37 % of the
infants separated from their mothers for 1-6 days during the first week of life
breastfed exclusively after three months, compared to 72 % for the non-separated
group [38].

Research clearly shows that vaginal delivery and early contact with the mother
are important for breastfeeding success. In 1991, WHO and United Nations
Childrens’ Fund (UNICEF) launched the Baby Friendly Hospital Initiative (BFHI)
(see also Chap. 5) and recommended steps hospitals should take to increase the
likelihood and duration of breastfeeding. These include helping mothers to
breastfeed within 30 min of birth, rooming in 24 h a day and encouraging feeding
on demand [39]. All three of these practices are consistent with what would have
been typical during most of human evolutionary history. According to an Australian
study, in one hospital implementing BFHI, 9 of 15 CD infants initiated breast-
feeding within the first hour [33], whereas in three hospitals that did not participate
in the BFHI, none of the 32 CD infants began breastfeeding within 1 h. In addition,
the mean time until the first breastfeed was significantly shorter at the BFHI hos-
pital, and the BFHI hospital also had a higher percentage of babies’ breastfeeding
after 1 h. In both cases, these differences remained regardless of the mode of
delivery. Moreover, mothers from hospitals implementing BFHI practices in Hong
Kong were also less likely to initiate premature weaning [40]. For most mothers
(CD and VD), exclusive breastfeeding in the hospital is protective against early
termination of breastfeeding after release [40]. However, even in BFHI hospitals,
CD remains the most important barrier to breastfeeding. In an Italian hospital where
optimization of skin-to-skin contact, early initiation of breastfeeding and rooming
in are all standard practice, rates of breastfeeding at discharge in elective CD
mothers (74.4 %) were still lower than those in VD mothers (87.8 %, [34]).

4.2.8 Obesity and Breastfeeding Success

Another factor that impacts breastfeeding success is the mother’s body weight.
Mothers who are overweight or obese are less likely to initiate and continue
breastfeeding [41, 42]. Women who are overweight and obese are also more likely
to be of lower socio-economic status and/or depressed, and these are features that
have been associated with reduced incidences of breastfeeding. However, the effect
of body weight persists even when such factors are taken into account [41]. Possible
reasons for this include difficulty holding the infant in a way that would be con-
ducive to breastfeeding [43], decreased prolactin response to suckling [44] and
delayed lactation [5], as well as social factors such as greater embarrassment about
breastfeeding in public and changes in breast and nipple configuration. In addition,
obese women are more likely to have Caesarean sections [45], which, as detailed
above, make breastfeeding less likely.
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4.3 Implications for Policy and Practice

Breast feeding is good for mothers as well as babies. The risk of post-partum
depression among mothers who bottle-feed is much higher than for those who
breastfeed. From an evolutionary perspective, this may be because the failure to
breastfeed simulates/approximates an instance of child loss. Other hospital practices
that unwittingly simulate child loss may also contribute to post-partum depression;
including periods of separating the infant from the mother, as well a discouraging
breastfeeding among mothers being treated with antidepressant medication. In
addition, mothers that do not breastfeed are at increased risk of becoming over-
weight and developing breast cancer. Bottle feeding and early weaning also puts
evolved birth spacing mechanisms (such as lactational amenorrhoea and lactational
anovulation) on hold, and evidence shows that babies conceived within a year or
two of their next oldest sibling are at a much higher risk of a number of medical and
psychological problems, including autism. Caesarean sections likewise put mothers
out of phase with the evolved features of the birthing process, and growing evi-
dence shows that Caesarean sections are a major impediment to successful
breastfeeding.

Glossary

Anovulation Hormonal changes that inhibit the release of eggs
Lactational Hormonal changes that occur during breastfeeding and that
amenorrhoea suppress the release of eggs

Gluteofemoral fat ~ Fat stores of long-chain polyunsaturated fatty acids that are
important for healthy brain growth and development
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Chapter 5
Sudden Infant Death Syndrome

Charlotte K. Russell, Ph.D., Lane E. Volpe, Ph.D.
and Prof. Helen L. Ball, Ph.D.

Lay summary Human infants have needs which are unique among primates.
These are primarily a consequence of their comparatively poor neurological
and muscular development at birth (compared to other primate infants who
are able to cling and maintain proximity with their mother). This results in
infants who would be very vulnerable in the absence of a caregiver and who
rely on their mother to provide close contact for frequent feeds, safety and
physiological regulation. Looking at human infants in this light allows us to
think critically about the way parents in Western cultures care for their babies,
and the possible consequences of these infant care practices for infant health,
including the risk of sudden infant death syndrome (SIDS). In most tradi-
tional (non-Western) human societies, mothers keep their infants in close
contact both during the day and the night. Infants in these societies wake
frequently during periods of sleep, and breastfeed on demand. In contrast, in
Western societies, infant care practices emphasise sleeping alone for extended
periods of time, and early cessation of breastfeeding.

As both lone sleeping and use of infant formula are associated with
increased incidence of SIDS, in human infants who have evolved to expect
continuous physical contact with a caregiver, some researchers have suggested
that SIDS (a syndrome characteristic of Western societies) may be a conse-
quence of a mismatch between Western infant care practices, and the unique
vulnerabilities of human infants. Where infants sleep has long been a focus of
both parent-educators and campaigners trying to reduce the rate of SIDS.
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Because some infants die of SIDS while sleeping in an adult bed, this sleep
location has, for the past 20 years, been the focus of many anti-bed-sharing
campaigns. However, because infant sleep location is also intimately related to
infant feeding method (breast vs. formula), individual parenting ethos and
cultural pressures, such campaigns have come to be regarded as being both
ineffectual and unethical, and alternative approaches developed.

Alternate approaches focus on evidence-based education for parents, and
culturally relevant interventions which facilitate close contact for infants and
caregivers while providing safe sleeping spaces for infants who may be more
vulnerable to SIDS. Such interventions, including the UNICEF UK
Baby-Friendly Initiative, Infant Sleep Safety Tool (ISST) and Wahakura
infant sleep basket, address infants’ evolved needs while also acknowledging
the trade-offs that parents consider in making decisions about infant care.

5.1 Introduction

5.1.1 Evolved Infant Biology and Infant Care

An evolutionary perspective on SIDS and night-time infant care considers the
incongruity between an infant’s evolved biological and behavioural needs, and
culturally mediated twenty-first-century infant care practices. Understanding of
human infants' evolved biological needs can be gained via the comparative per-
spective of human traits with those of other mammals and primates with whom we
share a common ancestor.

As placental mammals, humans produce relatively well-developed live-born
young who require maternal post-natal care and lactation. Developmental state at
birth and gestational length vary among mammalian species, and infants can gen-
erally be categorised within two types. ‘Altricial’ species produce infants that are
comparatively immature at birth; neuromuscular control is poor, infants are often
blind and hairless and are ‘cached’, or sequestered in nests. They are fed infre-
quently with milk that is high in fat. Primates, along with many other mammals,
produce ‘precocial’ infants—meaning they are well-developed at birth, able to see,
hear and maintain proximity with their mothers via independent locomotion, or
clinging. Mothers of precocial infants produce milk that provides energy, but little
fat, that must be consumed frequently. Humans conform only partially to the typical
‘precocial’ primate pattern, with infants feeding frequently on milk that is relatively
low in protein and fat, but high in sugar [1].

Unlike non-human primates, human infants also display secondarily altricial
characteristics as a consequence of the limits placed either by the bipedally adapted
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pelvis on foetal brain growth (see also Chap. 3 on the obstetric dilemma) or by the
constraints of maternal basal metabolic rate (BMR) to sustain a foetus for longer
than 9 months [2, 3]. Regardless of the limiting factor, the net result is that human
infants are born in a state of neurological immaturity with particularly poor neu-
romuscular control at birth, creating an inability to independently locomote or cling,
and relatively poor homeostatic control [4, 5]. The high sugar content of human
milk supplies the energy needed for fast brain growth in infancy; however, human
infants’ lack of neuromuscular control means that mothers are responsible for
providing close physical contact for safety, frequent feeds and physiological
regulation.

Cross-cultural studies demonstrate that in most traditional human societies,
infants are maintained in constant physical contact with a caregiver—usually their
mother—both day and night, experience frequent arousals during periods of sleep
and suckle on demand, throughout the first year of life [6]. Care is therefore
congruent with infants’ evolved needs, providing close contact and responding to
frequent feeds. In contrast, social and cultural changes occurring in industrial and
post-industrial societies have resulted in infant care practices that encourage solitary
and prolonged sleep bouts from an early post-natal age, and which are now con-
sidered characteristic of Western cultures [7]. Feeding artificial infant formula (see
also Chap. 4 on bottle feeding)—composed largely of another quite different spe-
cies’ milk—and encouraging, or even training, infants to sleep without parental
presence both affect normal patterns of early sleep development [8, 9]. Decisions
about infant sleep location are both influenced by, and impact on, infant feeding
practices—notably breastfeeding initiation and duration [10]. A vast and lucrative
market promotes sleep training programmes based on behavioural modification,
while numerous infant care products (e.g. dummies, swaddling wraps, rocking,
swinging or bouncing cradles, white noise apps and soft toys which vibrate to
mimic mothers’ heartbeat) exist with the principal aim of allowing infants to be ‘put
down’, self-sooth, sleep longer or wake less.

5.1.2 Sudden Infant Death Syndrome (SIDS)

SIDS was defined in 1965 under code 795 of the international classification of
diseases (ICD-8; now ICD-10, code R95). SIDS is not a ‘cause’ of death; it is a
category of exclusion used to designate the death of an infant that, following a
review of clinical history, post-mortem examination and investigation of the death
scene, remains unexplained [11]. Although rare, SIDS is the primary designation of
death for infants between one month and one year of age, affecting approximately 1
in 3000 babies in the UK and 1 in 2000 in the USA annually. Deaths typically occur
during night-time or daytime sleep, and prevalence peaks at 2-3 months.

SIDS is grouped with other sudden explainable infant deaths under the category
SUDI—sudden unexpected death in infancy. There are clinical similarities between
SIDS and explained SUDI: both groups of infants have poorer overall health, along
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with a history of apparent life-threatening events (ALTE) [12]. Differentiation of
SIDS and explained SUDI can be problematic due to the lack of pathological
markers distinguishing SIDS from soft suffocation. The evidence used to categorise
such deaths, therefore, is often circumstantial. Coroners sometimes use the desig-
nation unexplained/unascertained, rather than SIDS or explained SUDI in response
to contextual elements of the death scene, such as sleep-sharing at the time of death
[13]. Local and national variation in designation can skew figures and distort
comparisons between populations, particularly where population-level differences
in the prevalence of certain risk factors—for example bed-sharing—exist [14].

Primarily, SIDS deaths are a phenomenon affecting Western post-industrial
societies where prolonged and solitary infant sleeping has been promoted as a goal
to be achieved early in infancy, and where parental behaviours (such as smoking or
alcohol consumption) are incompatible with infant care. Alongside cultural varia-
tion in infant care practices, the incidence of SIDS varies dramatically, both on a
global scale [15, 16], and within geographically local populations [17]. Typically,
deaths occur during prolonged lone sleep bouts, or while sharing a sleep surface
with an adult under dangerous circumstances. Studies in the UK found that 75 % of
daytime SIDS occurred while infants were sleeping in a room alone [18]. Fifty-four
per cent of SIDS infants died while sleep-sharing with an adult—however, only 6 %
were sleep-sharing in the absence of cumulative risk factors including alcohol,
illegal drugs, smoking and sofa-sharing [19]. Additionally, formula-feeding
increases the risk of SIDS. A recent meta-analysis of 18 studies found that the
risk of SIDS was lower for breastfed infants. This reduction was dose-responsive
and may be explained in terms of decreased arousability from sleep, or immuno-
logical deficits associated with the absence of breastfeeding [20].

5.1.3 Cross-Cultural Perspectives

In the UK, studies of South Asian immigrants demonstrate an extremely low
incidence of SIDS, with a death rate four times lower than their UK-born neigh-
bours, despite residence in socio-economically disadvantaged areas typically
associated with high SIDS rates. Studies comparing immigrant and Euro-born
British families reveal substantially different infant care practices [17]. South Asian
families employ ‘proximal care’ strategies, in which physical contact is maintained
day and night between infants and one or more caregivers. Breastfeeding is typical,
and frequent, and infant developmental trajectories are allowed to progress without
interference [21]. Infant care therefore conforms to the pattern predicted by an
evolutionary perspective based on comparative and cross-cultural patterns. In
contrast, Euro-origin British families exhibit more ‘distal care’ strategies, encour-
aging self-soothing and sleeping alone from an early age, and earlier (within the
first month) cessation of breastfeeding.

That an evolutionary mismatch exists between Western infant care practices and
the unique vulnerabilities of human infants [22] may contribute to an explanation for
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the high rates of SIDS in Western cultures. McKenna and colleagues have argued
that close mother—infant contact compensates for infants’ developmental immatu-
rity, and that the absence of such contact during extended bouts of sleep—a con-
sequence of infant care practices that aim to promote early infant independence—
may therefore be failing to support infants during early critical developmental
periods [23, 24]. This hypothesis builds upon a body of work which identifies
multiple deleterious consequences of early physical separation of infants from
mother or other carer, in both humans and non-humans, in terms of infants' physi-
ological regulation and development [4, 5, 25-30].

5.2 Research Findings
5.2.1 SIDS Epidemiology

Since the 1960s, researchers have been searching for factors that explain or are
associated with such deaths. Much of this work has employed the case—control
study design (see Box 5.1). While case—control studies cannot provide proof of
causation, repeated findings of an association between exposure to a ‘factor’ and
incidence of SIDS suggest links between characteristics of infants or their care and
an increased or decreased risk, and allow public health advisers to make recom-
mendations for ways in which risk might be reduced and arguably how deaths
might be prevented. Generally, such hypotheses regarding risk reduction inter-
ventions would be tested via randomised control trials, but with SIDS cases are too
infrequent for this to be a realistic proposition.

Box 5.1: What Is a Case—Control Study?

Case—control studies are used widely in epidemiology, as their retrospective
design enables researchers to study factors associated with diseases which,
because of their rarity, would be difficult to study prospectively. In the case of
SIDS, researchers compare two groups: the ‘cases’—infants who have died
and whose deaths have been designated SIDS, and the ‘controls’—infants
who did not die, but are individually matched on multiple variables, which
may include physical and socio-economic characteristics, to ‘case’ infants.
Using data obtained via family interviews, and examination of the death
scene (or a predetermined sleep scene for controls), researchers conduct a
retrospective analysis of factors to which infants were, or were not, exposed.
Analysis of the incidence of exposure to one or more risk factors in both
‘case’ and ‘control’ groups results in an ‘odds ratio’ (OR) which, together
with associated confidence intervals, describe the direction, magnitude and
statistical significance of the effect of exposure to risk factor(s) on incidence
of SIDS within the study population.
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Case—control studies have identified a range of factors—both intrinsic and
extrinsic to the infant—that are associated with SIDS deaths. These include lower
socio-economic status, male infant, premature or low birthweight infant, pre- or
post-natal smoke exposure and absence of breastfeeding [20, 31]. Additionally,
numerous aspects of the sleep environment that produce some form of physio-
logical challenge on an infant have also been associated with SIDS: prone- or side
sleep position, overwrapping [32, 33], overheating, soft bedding or sleep surfaces
[34, 35], co-sleeping in some circumstances [19, 36], not using a dummy [35, 37,
38], and infant sleeping in a separate room from their parents [18, 36].

Research into the key mechanisms underlying SIDS has identified a number of
potentially causal factors that may increase individual infant vulnerability.
Primarily, theories have focused on deficits in autonomic control, genetic factors
and infection. As noted above, many extrinsic risk factors have been found that
provide a physiological challenge to the infant, or may be associated with a failure
to arouse normally from sleep, and form the focus of much current SIDS reduction
guidance under the assumption that these are modifiable factors. The commonly
accepted triple-risk hypothesis proposed by Filiano and Kinney [39] describes the
confluence of a vulnerable infant, at a critical stage of development, exposed to an
external stressor (Fig. 5.1).

Fig. 5.1 The triple-risk
model for SIDS
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5.2.2 The Question of Sleep Location

The ‘Back-to-Sleep’ campaigns of previous decades were successful in modifying
particular sleep behaviours (such as prone infant sleep position) and reducing SIDS
rates in many countries across the Western world [40]. SIDS rates have now pla-
teaued, and further reductions are proving difficult. The proportion of deaths
occurring in a bed-sharing context and the absolute number of deaths occurring
while an infant is sleep-sharing with an adult on a sofa have increased in recent
years [19], prompting public health messages to focus on these issues as targets for
further reduction. Such messages have so far had little impact on SIDS rates,
however, suggesting that further change requires greater knowledge from parents
and healthcare providers than can be achieved via a ‘one-size-fits-all’ infant care
message [14]. It is now acknowledged in a variety of contexts that ‘one-size-fits-all’
messaging is ineffective and inappropriate, particularly for high-risk groups such as
minority or low-income families [41].

Several reasons for the lack of further progress have been discussed. First,
large-scale public health messages are inherently limited in their ability to effect
widespread behaviour change, particularly when the targeted parenting behaviours
relate to complex, multifaceted and culturally ingrained infant care practices.
One-size-fits-all messages are not adequate to achieve the increased knowledge and
commitment from parents and their healthcare providers, which are required for
meaningful reductions in sleep-related mortality [14, 41]. Information is also
directed to parents and providers without addressing their capacity to implement the
recommended practices and is generally offered without contextual information
about to whom the recommendations apply, under what circumstances and for how
long [14]. Although studies have shown that most parents cannot eliminate all
known risks to their infants for each sleep [42] and that there is a cost to parents in
adhering to safe sleep advice [43], they are rarely assisted in prioritising risk factors
or in developing strategies to ameliorate those costs.

Secondly, unlike infant sleep position, infant sleep location is embedded within a
context of cultural and personal values and motivations. Where an infant sleeps is
related to a deeply rooted belief system about the relationship of an infant and her
caregiver, and about the very nature of infancy and parenting [44—48]. These beliefs
may conflict with public health recommendations and policies, leading parents to
reject paediatric advice in whole or in part.

Finally, infant sleep location is intricately related to other aspects of infant care,
such as feeding method. Therefore, efforts to increase breastfeeding, which is also a
protective factor for SIDS [20], represent a de facto intervention related to sleep
location due to the nature and frequency of night-time feeding [49], yet the interplay
of different safe sleep recommendations are rarely recognised or addressed in public
health campaigns and parents are offered little guidance when various aspects of
well-being and risk reduction agendas conflict [14]. Infant sleep location cannot be
easily disarticulated from the larger behavioural context in which it exists.
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5.3 Implications for Policy and Practice

5.3.1 Strategies to Reduce SIDS Based on an Evolutionary
Perspective

Researchers who approach infant sleep behaviour and physiology using ‘evolu-
tionary thinking’ consider the intersection between evolved infant biology and
culturally determined patterns of night-time infant care described above. Using this,
evolutionary framework [50] allows researchers to identify both proximate (im-
mediate or mechanistic) and ultimate (evolutionary or adaptive) causes for indi-
vidual parenting strategies [51, 52] including choice of infant sleep location.
Existing studies have demonstrated the utility of evolutionary perspectives and
methods for understanding the ways in which parents construct their infants’ sleep
environments [49, 53, 54]. These studies have documented how the complicated
prospect of providing care to infants during the night causes parents to adopt
strategies and behaviours that they had not planned [6], and to approach infant sleep
location in a way that balances the constraints of infant physiology and develop-
ment with parental goals and desires within a particular social and behavioural
context [55, 56].

As part of the evolutionary approach to infant sleep environments, researchers
and clinicians recognise that parent—offspring conflicts exist, producing a tension
between the biological demands (maximising the reproductive success) of the infant
and of the parent [52, 57, 58]. Individuals are repeatedly negotiating trade-offs
between the benefit to infants derived from particular forms of care, and the costs to
parents incurred by engaging in these forms of care [59, 60]. Parenting strategies
are sensitive to individual circumstances [61] and calibrated to personal contexts
and conditions, but are also adjusted over the lifetime of a single individual [62].
When applied to SIDS reduction and infant sleep location, this approach
acknowledges the inherent trade-offs in providing night-time care to infants, and the
costs to parents in following contemporary paediatric recommendations that lead
them to pursue alternate strategies. Policy and practice interventions that take into
account the biological needs of babies, and parent—infant trade-offs, can better
understand the barriers to implementation of traditional SIDS reduction approaches
and offer new innovations.

Although safe sleep guidelines and other public health messages suggest that
risky infant sleep environments are potentially lethal to infants whenever they occur,
in reality parents quickly learn that infants may be placed in a variety of sleep
locations with no adverse outcomes. Therefore, parents may be willing to tolerate the
risk of placing infants in a particular sleep location in exchange for other benefits; in
so doing they weigh the costs and benefits of potentially risky sleep locations in
ways that are complex and poorly understood [43]. Clinicians may use this aware-
ness of trade-offs to engage in conversations with parents, such as by exploring the
trade-offs that parents consider in selecting particular infant sleep locations or by
examining the impact to the parents of attempting to implement sleep location
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recommendations. If clinicians want us to select certain infant sleep locations over
others, they must assist us in identifying the costs of those sleep arrangements that
dissuade us from following guidance (e.g. the implications for maternal sleep dis-
ruption) and help us implement strategies to decrease these costs [43].

5.3.2 Innovative Strategies for Practice

Recent evidence-to-practice initiatives for public health education have focused on
presenting an evolutionary understanding of infant sleep to parents and health
practitioners, the development of interactive tools and materials that encourage
discussion of parent and infant needs and trade-offs, and the provision of simple and
culturally appropriate infant sleep spaces that offer alternate solutions in trade-off
situations. To illustrate these approaches, we give an overview of three initiatives:
(a) UNICEF UK Baby-Friendly Initiative’s approach to supporting night-time
infant care; (b) the Infant Safe Sleep Tool, a risk-assessment and communication
tool for parents and health professionals; and (c) a New Zealand initiative for the
provision of alternate infant sleep spaces.

UNICEF UK Baby-Friendly Initiative In the UK, public health policy ini-
tiatives to promote breastfeeding initiation and continuation reflect the relevance of
an evolutionary perspective in emphasising the importance of prolonged physical
contact between babies and their carers to both facilitate normal infant development
and optimise maternal milk production, and the avoidance of night-time separation
of mothers and infants [63, 64]. All UK breastfeeding support organisations now
endorse and signpost both parents and health professionals to the Infant Sleep
Information Source Website which presents evolutionary perspectives on infant
sleep development, sleep needs and managing sleep safety (www.isisonline.org.uk).
The existence of the latter, which is signposted to by numerous NHS Trusts and
Local Councils, is helping providers and parents access consistent and
research-based information on the underlying evolutionary biology of their infant’s
sleep needs, development and safety.

The Infant Sleep Safety Tool The Infant Sleep Safety Tool (ISST) was
developed, trialled and evaluated by Durham University Parent-Infant Sleep Lab in
partnership with Blackpool and North Lancashire NHS Trusts in a service delivery
project that aimed to discuss infant sleep location trade-offs with parents. The tool
comprises a colourful illustrated booklet ‘Where might my baby sleep?’ and
training materials for healthcare providers and peer supporters. The booklet presents
information about the risks and benefits of infant sleep locations, along with a
double-page checklist highlighting the factors which combine with bed-sharing to
increase infant risk of SIDS and accidental SUDI, informs parents, enables them to
identify their individual risk profiles and facilitates communication between
healthcare providers and parents on topics that can prove difficult to initiate or
explore. Evaluation found that compared to mothers who had received routine care,
those receiving the ISST had improved knowledge of several aspects of SIDS risk
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and infant sleep safety, particularly relating to the roles of lone sleep, smoking,
bed-sharing in hazardous circumstances and breastfeeding in affecting SIDS risk.
Staff implementing the tool reported increased confidence in addressing issues
relating to infant sleep safety with parents, and in discussing why parents imple-
ment hazardous night-time care strategies [65].

New Zealand Safe Sleep Spaces: Wahakura The disproportionately high SIDS
rate among New Zealand’s Maori population was found to be associated with
parent—infant bed-sharing in the context of a high prevalence of maternal smoking
in pregnancy and post-natally [66]. Due to the high degree of cultural value
attached to bed-sharing in Maori culture, it was not considered a ‘modifiable infant
care practice’ [14]. Tipene-Leach [67, 68] devised a safe sleep intervention
involving infant sleep baskets woven from flax (via a traditional Maori technique)
that he named Wahakura. These woven reed sleeping baskets are designed to
support a modified form of bed-sharing—being placed on the parental bed—
keeping the baby in close proximity while providing a safe sleep space. The pro-
vision of Wahakura produced by Maori weavers, and especially the process of
teaching women to weave their own, provides an opportunity for discussion of safe
infant sleep, and provision of information about SIDS risk reduction strategies [66].
The Wahakura programme is now in the process of evaluation, but since its
inception the Maori SIDS rate has fallen substantially—while preserving parent—
infant sleep proximity.

5.4 Conclusion

Humans are by nature adaptable, and critics of an evolutionary approach may point
to humans’ inherent capacity for both behavioural and biological plasticity, both of
which have facilitated the cultural development of infant care practices including
feeding of the milk of another species, and ‘caching’ of infants in specially designed
cribs, cots and carriers. However, young infants have a limited ability to adapt, and
the relative newness of cultural changes means that no evolutionary adaptations
have occurred. By recognising that infant sleep locations are selected and modified
as part of a larger behavioural repertoire, evolutionary perspectives on infant sleep
location acknowledge that (a) infants biological needs are influenced by human
evolutionary history; (b) human infants need close contact with a caregiver both day
and night during early development; (c) when infant needs and parental (social and
economic) needs conflict, parents will modify infant care practices in ways that
trade off their own needs and those of their infants; (d) these trade-offs might
increase or decrease infant exposure to SIDS risks, and sleep locations can be safer
or unsafe according to the context in which they are implemented. By explicitly
understanding these links, we can initiate more effective discussions with parents
and develop new and innovative approaches to safe infant sleep that supersede
one-size-fits-all recommendations that many parents are unable or unwilling to
implement.
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Glossary

Apparent life-threatening
events (ALTE)

Arousability

Back-to-Sleep campaign

Distal care strategies

Proximal care strategies

Risk factors

Sudden infant death syn-
drome (SIDS)

Sudden unexpected death in
Infancy (SUDI)

Triple-risk hypothesis

UNICEF Baby-Friendly
Initiative

Wahakura
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Incidents where babies cease breathing and become
lifeless but are able to be resuscitated

The ability to arouse from sleep easily. Poor or low
arousability means an individual does not awaken
upon application of normal stimuli

A national population-based campaign of informa-
tion and advertising to encourage parents to put
infants in a supine position for sleep

Infant care behaviours that encourage separation of
carer and baby: sleeping baby in room alone, use of
bouncers and swings to sooth the baby, use of
buggies to transport the baby

Infant care behaviours that keep the baby close to a
carer, e.g. carrying sling-use, sleeping within arm’s
reach

Characteristics found to be statistically associated
with infant death outcomes in SIDS case—control
studies

The death of an infant that following a review of
clinical history, post-mortem examination and
investigation of the death scene remains
unexplained

Sudden unexpected death in infancy includes SIDS
and explained deaths occurring unexpectedly from
illness accident, or deliberately

A model for explaining how SIDS occurs at the
confluence of intrinsic, extrinsic and time-limited
risk characteristics of an infant and his/her
environment

A worldwide health promotion programme to
encourage maternity practices that facilitate and
support breastfeeding

A portable woven flax basket for use as an alternate
strategy for bed-sharing in order to keep babies
close but safe, when parents are smokers, was
developed in NZ
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Chapter 6
The Developmental Origins of Health
and Disease: Adaptation Reconsidered

Ian J. Rickard, Ph.D.

Lay Summary The conditions that a foetus experiences in the womb leave
their mark on that individual as they grow, and stay with it for its entire life.
Evolutionary biologists study similar kinds of effects in animals. They think that
the understanding of what the developing body does when it experiences
something harmful, such as a reduction in nutrients, can be helped with evo-
lutionary theory. Some argue that a foetus treats such harmful experiences as a
forecast of what it will experience later in life, and that it prepares itself for that
later life experience by changing its biology. However, there are other ways in
which evolutionary theory can be used to understand these effects. For example,
if abody cannot grow as big as it would ideally, it may need to change its biology
to make the best out of the situation. Also, a foetus may need to adjust its growth
when its mother is under stress and not able to provide many nutrients. Deciding
which of these different possibilities are and are not true is important, because
they mean different things for how we understand patterns of health and illness,
and how we go about improving population health.

6.1 Introduction

The field of the Developmental Origins of Health and Disease (DOHaD) examines
the consequences of early life conditions for health and disease risk [1]. DOHaD
has its origins in some early work showing striking geographical correlations
between mortality rates in infancy and—decades later—mortality due to coronary
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heart disease (CHD) [2] (see Fig. 6.1). It was subsequently hypothesised that the
same environmental conditions that contributed to high infant mortality in a cohort
of individuals also caused high rates of CHD in the survivors in their adult life, and
specifically that such conditions exerted themselves via intrauterine growth patterns
[1]. A prediction generated from this hypothesis was that individuals with lower
birthweight are at a greater risk of developing CHD as adults, due to a common role
of intrauterine growth restriction in promoting both. This prediction has been
supported empirically [3] and extended to other outcomes, including Type II dia-
betes [4, 5]. Causality of DOHabD effects is typically inferred from studies of animal
models [6] and that of cohorts exposed prenatally to famines [7], such as the Dutch
hunger winter [8], which experience higher incidences of schizophrenia, diabetes
and obesity in adulthood.

Several authors have suggested that applying the theory of evolution by natural
selection may improve our understanding of the above patterns [9-13]. This is
because natural selection can lead to the evolution of ‘developmental plasticity’:
selection favours genes that cause the developing bodies they are in to actively
respond to their environment in such a way that will improve their chances of
surviving and leaving behind a large number of descendants (having high evolu-
tionary fitness). We should therefore expect the existence of developmental
responses to environmental conditions that cause the body to do better than it would
in the absence of such a response. For instance, ‘brain sparing’ is an apparently
adaptive process by which a foetus suffering from placental insufficiency undergoes
physiological and anatomical changes that appear to prioritise oxygen supply to the
developing central nervous system [14].

The predictive adaptive response (PAR) hypothesis argues that poor growth
conditions can be useful as a forecast of later life conditions, and that consequently
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humans and other animals have evolved to adaptively change their phenotype in
accordance with this information [9]. In particular, it is argued that poor intrauterine
growth can be taken to indicate a low-nutrition environment, to which the foetus
adapts by altering its insulin—glucose metabolism in such a way that would facilitate
survival under nutritionally poor adulthood conditions. However, in the rapidly
changing environments of industrialised societies over the course of the twentieth and
twenty-first centuries, such forecasts have frequently been incorrect, leading to type 11
diabetes and cardiovascular diseases as well as other pathologies in later life [9].

Both the DOHaD and the PAR hypotheses hold implications for understanding
patterns of health and disease, and which avenues for intervention might be usefully
explored. If the first nine months of life, or those immediately preceding it, are of
critical importance in determining later health, then it may be opportune to intervene
during this period [15-18]. If the PAR hypothesis is correct, then we may infer that
once the relevant mechanisms have been identified, it might be possible to change
the predictive information that the foetus receives and thus improve its lifelong
chances (e.g. through preventing altered insulin—glucose metabolism in individuals
with intrauterine growth restriction). However, this requires critical evaluation.

In this chapter, I consider how an understanding of developmental plasticity (be-
ginning with the PAR hypothesis) may be employed so as to understand relationships
between early life environment and later life health outcomes. In ‘Research Findings’,
I first evaluate evidence from a range of adjacent biological and biomedical fields that
may be brought to bear in order to answer the question of whether developmentally
plastic processes may be disrupted to therapeutic benefit, and highlight how much of
this evidence points the way to accounts of developmental plasticity that differ sig-
nificantly from the account given by the PAR hypothesis. In ‘Implications for Policy
and Practice’, I point out how these different accounts are correspondingly associated
with different implications for interpretations of patterns of health and disease.
Finally, in ‘Future Directions’, I discuss some avenues of investigation that this
alternative perspective suggests would be worthy of attention.

6.2 Research Findings

Beginning from the premise that adaptive developmental plasticity, here I critically
evaluate what is arguably the dominant hypothesis that is used to account for DOHaD
effects, the PAR hypothesis, as well as consider alternative adaptive perspectives.

6.2.1 Did Environmental Matching Select
Jor Developmental Plasticity in Humans?

The PAR hypothesis gives rise to the clear prediction that the fitness of an indi-
vidual will generally be higher when the environment it experiences as an adult
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matches that which it experienced through the maternal environment during ges-
tation. As a rule, developmental adversity such as poor nutrition tends to permanent
damage, or constrain, a body’s ability to function optimally in later life [19-24], but
it is nonetheless possible that adversity could also simultaneously act as a forecast
of the external environment as well as being a constraint [25], allowing individuals
to prepare for what is to come. A recent meta-analysis of the fitness benefits of
environmental matching across a range of animal and plant species concluded that
evidence for it is weak; in other words, individuals experiencing poor early con-
ditions were not better able to later cope with such environments in later life [26].
Furthermore, the fact that a long time period in between development and adult-
hood increases the potential for the environment to change in the interim reduces
the likelihood of beneficial matches occurring. It is therefore of particular impor-
tance that such evidence appears thus far absent for animals that are long-lived such
as humans [27-29].

A further reason why PARs may be argued to be even m