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Synonyms

Darwinian medicine

Definition

Evolutionary medicine is a transdisciplinary field
of study aimed at applying evolutionary concepts
and thinking to our understanding of medicine.

Introduction

Unlike the traditional approach to medicine which
is aimed at identifying and treating the proximate
causes (i.e., symptoms) of disease, an evolution-
ary medicine approach is focused on identifying
the evolutionary origins (ultimate cause) of a dis-
ease and to use this to help inform medical
practice (Williams and Nesse 1991; Trevathan
2010; Ruhli and Henneberg 2013). Evidence in
support of evolutionary medicine is provided by
observers working in various fields, including
cognitive science, anthropology, demography,
biochemistry and molecular biology, and genet-
ics. Evolutionary medicine thus offers a broader
and more holistic perspective to medicine. The
significance of using an evolutionary approach
to medicine is highlighted by the tremendous
insight gained from our understanding of antibi-
otic resistance (Davies and Davies 2010) and the
rise in recent viral or bacterial outbreaks (e.g.,
Ebola, Measles, COVID-19). Interest in evolu-
tionary medicine has grown exponentially
(Alcock 2012) with this field contributing signif-
icantly toward our understanding of important
topics in human health including immune func-
tion (Cooper and Herrin 2010; Litman and Cooper
2007), aging (Stearns et al. 2000; Stearns 1989),
infectious disease (Ewald 1994; Schmid Hempel
2011), reproductive health (Trevathan 2011),
behavioral and mental disorders (Keller and
Nesse 2006; Nesse 1999), inflammation (Straub
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2012), diet (Chakravarthy and Booth 2004), and
cancer (Merlo et al. 2006).

History
Neese and Williams (Williams and Nesse 1991)
are credited with bringing about a resurgence of
interest in the field of evolutionary medicine
through their now classic articulation of the key
concepts covered by a “Darwinian” approach.
However, the field of evolutionary medicine has
a much longer and often forgotten history dating
back to some of the earliest champions of the
comparative approach (Trevathan et al. 2008).
Aside from the seminal work of Charles Darwin,
to whom we owe the foundations of our current
understanding of evolution, one of the earliest
proponents of evolutionary medicine was in fact
Charles’s grandfather, Erasmus Darwin. Erasmus
was one of the first physicians to think about the
impact of nature on humans and published a tax-
onomic catalog of known diseases of his day,
along with their causes and treatments (Darwin
1794–1796). In 1926, physician Dudley J. Morton
expounded on Darwin’s views and stated that
diseases should be viewed through the lens of
human variation and adaptation and that clinicians
should aim to understand the evolutionary basis of
adaptation to disease (Morton 1926). While these
early calls to action linking evolution to medicine
were somewhat forgotten in the early part of the
twentieth century, what emerged from them was a
growing interest in understanding human adapta-
tions to particular environments and its impact on
the underlying anatomy and physiology. By the
middle of the twentieth century, this emerging
research area was further enhanced by studies of
sickle cell disease in various populations, demon-
strating that variation in human hemoglobin struc-
ture was associated with immunity to the malaria
parasite (Allison 1953, 1954; Barnicot, Ikin, and
Mourant 1954). Furthermore, the impact of
humans on the environment and our role in dis-
ease propagation was highlighted by further stud-
ies emerging from this field, highlighting the
influence of human agriculture on the breeding
behavior and distribution of the malarial parasite
(Livingston 1958). In the later part of the twenti-
eth century, questions in evolutionary medicine

have extended upon these earlier themes to iden-
tify diseases of modernity (e.g., type 2 diabetes,
hypertension, addiction) and their evolutionary
origins as well as the role of human activities
and industrialization in shaping disease progres-
sion (Trevathan 2010). Some of these topics
include the appearance of novel metabolic pro-
cesses such as lactose tolerance (Matthews et al.
2005), the genetic variations in the abilities of
humans to process alcohol (Jornvall 1994),
changes in the human skeleton (Schwidetsky
1962; Ruff 2002), changes in human body weight
and height (Katmarzky and Leonard 1998), and
changes in the size and number of human teeth
(Brace et al. 1987). These and other microevolu-
tionary changes to the human body likely resulted
from environmental changes resulting from mod-
ern living (Ruhli and Henneberg 2013).

Fundamentals of Evolutionary Medicine
Before outlining some of the core principles of
evolutionary medicine, it is important to remem-
ber the basic assumptions of Darwinian evolution
and one of the auxiliary theories often used in
evolutionary medicine. In order for a feature to
be considered Darwinian in nature, (1) the feature
must exhibit variability in phenotype, (2) this var-
iability must be heritable (i.e., transmitted from
parents to offspring), and (3) the feature must
exhibit selective fitness (i.e., impact species repro-
duction and/or survival to reproductive age)
(Boyd and Silk 2009). The auxiliary theory often
used in evolutionary medicine is that of life his-
tory theory which recognizes that the growth,
maintenance, and reproduction of the organism
is determined by the differential allocation of
energy budgets which are themselves influenced
by Darwinian processes (Stearns 1989). While the
scope of evolutionary medicine covers all known
areas of human disease, Neese and Williams
(Williams and Nesse 1991) originally described
five major categories of evolutionary explanation
to which “Darwinian medicine” could be applied.
Recently, using an expert consensus approach, the
components of evolutionary medicine have been
expanded to include a more extensive list of core
principles, aimed not only at focusing the teaching
of evolutionary medicine but also at guiding
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ongoing research in this field (Grunspan et al.
2018). Below, we briefly outline some of these
core principles agreed upon by experts in the field.

Proximate vs Ultimate Causes and Host
Defenses vs Pathogen Offences
One of the core principles of evolutionary medi-
cine is distinguishing between the mechanistic
(proximate) and evolutionary (ultimate) explana-
tions for a disease (Grunspan et al. 2018). The
difference between these two explanations is often
conveyed as the dichotomy between the questions
“what is the disease” or “how does it form” versus
the question of “why the disease exists in the first
place” (Spocter and Strkalj 2007). Both mecha-
nistic and evolutionary explanations are important
to completing our understanding of the human
body and disease vulnerability (Williams and
Nesse 1991).

Building from this approach, it is also impor-
tant to recognize that many signs and symptoms
of disease may in fact form part of the body’s
natural defense mechanism (Ewald 1980). From
this perspective the protective nature of host
defenses, which include among other signs nau-
sea, vomiting, pain, fatigue, and diarrhea, are dis-
tinguished from that of pathogen offenses
(Williams and Nesse 1991). The challenge for
the clinician is thus knowing when to interfere
with these inherent host defenses as the cost of
intervention while alleviating discomfort for the
patient may result in the promotion of pathogen
transmission and offenses. For example, studies
of Shigellosis infection have demonstrated that
diarrhea in these cases is in fact a host defense
mechanism used by the body to reduce the contact
time between the pathogen and the intestinal lin-
ing (DuPont and Hornick 1973). Thus, treatments
which decrease the frequency and number of
bowel movements (e.g., Lomotil therapy) are
contraindicated in Shigellosis infection as they
result in extended illness in the patient and are
likely to contribute to the patient becoming a
carrier of this infection (DuPont and Hornick
1973).

To think of it another way, one can consider
this example as highlighting the importance of
distinguishing between the immediate impact of

a disease which is driven by the host defense
response and its later impact which forms part of
the pathogen offense. For example, a clinician
might consider a fever as a (proximate) cause of
an infection and in most cases would seek to treat
this fever with fever-reducing drugs to spare the
patient the immediate discomfort associated with
the disease. However, several studies have shown
that fever is a host defense mechanism and bene-
fits the organism by decreasing viral replication
rates in many pathogens while increasing the
speed of immune reactions (Kluger 1979; Kluger
et al. 1996). Thus, from an evolutionary medicine
perspective, the reflex like tendency to administer
fever-reducing drugs in most mild cases of fever is
counterproductive as it diminishes the body’s nat-
ural ability to combat infection (Kluger and
Rothenburg 1979). It is, however, important to
note that an evolutionary medicine perspective
does not advocate that fever-reducing drugs
should not be used at all as there are particular
cases as in a high fever where the impacts on the
patient might exceed the limits of the immune
response and thus intervention is necessary
(Trevathan et al. 2008). This is certainly the case
for certain pathogens which are known to increase
their reproductive fitness in response to fever
(Ewald 1994). Another example of a host defense
is the acute phase response, which results in a
series of complex innate reactions shortly after
tissue injury. As part of this defense mechanisms,
there is the release of inflammatory cytokines
(such as interleukin 6, tumor necrosis factor
alpha, and interleukin 1 beta) which mediate the
upregulation of acute phase protein, an important
component of this systemic defense response, as
well as several clinical signs which include fever,
listlessness, and loss of appetite (Smith et al.
2013). The fact that these cytokines are found
across vertebrate species suggests that the acute
phase response is a universal defense mechanism
shared by this group (Spocter and Strkalj 2007)
and that the associated subcomponents to the
response are likely to confer added defense to
the organism (Weinberg 1984; Kluger and
Rothenburg 1979; Hart 1985).
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Sexual Selection and Reproductive Fitness
The scope of evolutionary medicine has grown to
include the consideration of several important
evolutionary processes. Among this wide range
of processes, most experts in the field agree that
this includes the classic Darwinian process of
natural selection but also the consideration of
genetic drift, mutation, migration, and nonrandom
mating, all of which are important for our under-
standing of disease (Grunspan et al. 2018). In
addition, the influence of sexual selection and
reproductive success are also considered impor-
tant concepts in understanding the origins of dis-
ease. For instance, the reproductive fitness of the
organism could be favored by natural selection at
the expense of health and longevity or could sim-
ilarly decrease in response to other factors as
argued for humans (e.g., Westendorp and
Kirkwood 1998). In addition, the influence of
sexual selection might also differentially impact
health risks and outcomes in males and females
(e.g., Janicke et al. 2016). Sexual selection is
known to have a significant impact on the epide-
miology of sexually transmitted diseases (STDs)
(Janicke and Morrow 2019). Stronger sexual
selection in males results in males investing rela-
tively more resources into mate acquisition at the
expense of their own health and contributing
toward riskier behavior in males (Zuk 2009).

Constraints, Trade-Offs, and Life History
Theory
Several constraints might also prevent or inhibit
the ability of natural selection to optimally shape
human health and thus serve as an additional
mechanism by which human susceptibility to dis-
ease might have evolved. These limits on natural
selection include developmental, architectural,
metabolic, or phylogenetic constraints (Spocter
2009) as well as trade-offs resulting from pleiot-
ropy and mutations (Williams and Nesse 1991).
For instance, one example of an architectural con-
straint known to have several clinical implications
is the constraining influence of evolving bipedal-
ism (Trevathan 2011). Humans are the only habit-
ual mammalian biped, and those adaptations
which make us uniquely suited to this form of
locomotion have also made us susceptible to the

occurrence of a range of clinical conditions
including lower back pain and complications aris-
ing during childbirth (Spocter and Strkalj 2007).
Furthermore, the evolution of bipedalism has also
imposed constraints which have an impact on
prenatal brain growth within the skull as the
adult female is challenged with passing a rela-
tively large head of a child through the relatively
narrow pelvic outlet (Trevathan 2011).

Trade-offs in evolutionary medicine refer to
the existence of linked changes between traits
such that an evolutionary change increasing the
fitness of one trait results in a decrease in fitness to
another trait (Trevathan et al. 2008). In Neese and
William (1991) articulation of Darwinian medi-
cine, trade-offs were considered central to
explaining disease vulnerability in evolutionary
medicine and are intimately related to life history
theory (Stearns 1989). Life history traits are
shaped by natural selection and include traits
such as the age of menarche and rate of senes-
cence both of which have implications for human
health and disease (Stearns 1989). In brief, one
may understand the organizing principles of life
history theory as stressing that there is only a finite
amount of energy available for an organism’s
growth, maintenance, and reproduction (Stearns
1989). Thus, the allocation of energy budgets to
either corresponding life stages (e.g., gestation,
weaning, lifespan) or growth within body compo-
nents (e.g., body growth versus brain growth)
requires trade-offs between components. For
instance, energy spent on child rearing to maturity
comes at a cost to energy that could have been
used for reproduction, and in a similar way,
energy spent on evolving a large brain
(a metabolically expensive tissue) comes at the
cost to free energy that might have been used for
other organ systems such as the gut Aiello and
Wheeler 1995).

Multiple Levels of Selection
Human vulnerability to disease may also result
from the conflicting/opposing force of selection
acting at different (or multiple) levels of organi-
zation (e.g., at the level of the molecule, gene, cell,
organism, kin, or population) (Williams and
Nesse 1991). Prime examples of this include
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genetic conflicts and somatic selection in cancer.
For example, the differential interests of compet-
ing genes (or gene networks) in the human
immune response could result in a myriad of
genetic conflicts as the organismmounts a defense
against an invading pathogen (Levin and Bull
1994). This conflict is a result of the complex
and tiered arrangement of the host’s defenses
(Spocter and Strakalj 2007). Thus, understanding
these complex interactions requires considering
the differential impacts of selection at each level.
Some postulate that sexual reproduction exists
primarily to increase variability through rapid
genetic change in response to the competing influ-
ence of pathogens (Hamilton et al. 1990). Simi-
larly, it is argued that a genetic conflict between
male and female gametes is responsible for the
vast amount of sperm required for fertilization and
the complexity of the female reproductive tract
(Wedekind 1994).

Coevolution
Evolutionary medicine is also concerned with the
influence of coevolution in driving health and
disease. Some examples include the establishment
of an evolutionary arms race between a host and a
pathogen (Ewald 1980), the establishment of
symbiotic relationships such as those seen in the
human gut microbiome (Williams and Nesse
1991), and the coevolutionary competition
between bacteria resulting in antibiotic production
(Davies and Davies 2010).

The effect of pathogens on the human body
and their differing patterns of virulence (i.e.,
severity) have been the subject of much discus-
sion in evolutionary medicine (e.g., Ewald 1980,
1988, and 1994). Society has become increasingly
aware of differences in virulence between recent
pathogenic threats (e.g., SARS-CoV2 versus
Influenza A virus) and the importance of vaccina-
tion efforts and personal hygiene practices to ward
off epidemic or pandemic spread (Ehreth 2003).
Some have argued quite cogently that the devel-
opment of vaccines is an area in modern medicine
which could benefit most strikingly if an evolu-
tionary perspective is adopted (Read et al. 1999).
Earlier arguments looking at the virulence of path-
ogens had supported the view that pathogens will

naturally evolve toward less virulent states, a
so-called equilibrium state, striking a balance
between host survivability, transmission, and vir-
ulence (Levin and Svanborg-Eden 1990). Subse-
quent studies have shown that the concept of an
equilibrium state falls short of describing all
potential pathogen-host interactions and a richer
view of virulence dynamics has emerged (Levin
and Pimentel 1981; Frank 1996; Ebert 1999;
Ebert and Bull 2003). Ewald (1980) has shown
that the influence of “selfish gene” mutations in
benign pathogens may still result in an increase in
virulence provided that the rate of pathogen rep-
lication and transmission is increased. From an
evolutionary perspective, transmission and repli-
cation of the pathogens genetic material is the
most important consideration, not the state of its
host, and thus host maintenance only becomes a
consideration in cases where transmission is slow
(Ewald 1980).

A further consideration in the evolution of
virulence has been observation that some patho-
gens are able to effect host behavior to enhance
transmission and that these pathogens tend to
progress toward greater states of virulence
(Ewald 1988, 1994). While there are several strik-
ing examples of dramatic behavioral changes in
hosts favoring pathogen transmission, such as the
increased aggression and diminished fearlessness
observed in hosts infected with rabies (Jackson
2016) or Toxoplasma (Berdoy et al. 2000) and
parasitic flukes (Wickler 1976), it is important to
keep in mind that other more subtle changes in
behavior may also help facilitate pathogen trans-
mission. For example, while speculative, one
might postulate that the relatively late onset of
symptoms and the differential mortality in youn-
ger individuals as observed in the recent SARS-
CoV2 pandemic might serve to enhance pathogen
transmission, suggesting that this virus might con-
tinue to evolve toward increased virulence,
impacting decisions on vaccine development.
Mathematical modelling looking at the evolution
of pathogen virulence has shown that vaccines
that prevent infection may limit the virulence of
the pathogen. However, those vaccines that only
limit antitoxin immunity lead to increased preva-
lence and virulence (Gandon et al. 2001). In this
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regard, Read and colleagues (1991) have argued
that rather than pursue the development of vac-
cines aimed at eliminating all forms/strains of a
given virus, a more prudent and evolutionary
informed approach would be to develop vaccines
only against the most virulent strains of a virus,
thus using mild forms of the virus as a means of
conferring immunity. This approach is akin to that
used in young children, where the child is infected
with a mild strain of the virus through vaccination
and from which subsequent immunity for all
strains (including the more virulent ones) usually
develops (Trevathan et al. 2008). Some argue that
maintaining a coexistence with mild pathogenic
strains is a more sustainable approach to vaccina-
tion, as a complete lack of exposure to a virus may
leave a large sector of the population at risk to
more virulent forms of a virus (Trevathan et al.
2008). It goes without saying that an awareness of
host-pathogen interactions as viewed through the
lens of evolutionary medicine is also critical to the
way we address current or future healthcare crises
both at the frontline as medical practitioners and
biomedical scientists but also as a global commu-
nity, mindful of how our actions (or inaction)
could promote pathogen transmission.

Evolutionary Mismatch/Adaptations to Novel
Environments
For practitioners of evolutionary medicine, one
particularly important source of disease is that
which one might call “diseases of modernity.”
These ailments, described as maladaptations,
include diseases such as obesity, hypertension,
type 2 diabetes, and back pain. It is hypothesized
that these ailments arose as a result of a mismatch
between the environments in which the human
body evolved and that of our modern lifestyles
to which our bodies have adapted to (Eaton et al.
1988; Eaton and Eaton 1991). Central to this
hypothesis is the idea of an environment of evo-
lutionary adaptiveness (i.e., an environment to
which our bodies are most optimally adapted)
(Irons 1998). Subsequent scientific discourse has
seen the expansion of this idea away from the
incorrect assumption that humans are optimally
adapted to a single environment (e.g., a Paleolithic
environment as initially proposed by Williams

and Nesse 1991) and the acknowledgment that
this mismatch may also result from migration
between stable environments (Grunspan et al.
2018; Gluckman et al. 2016). The underlying
principle is that there is a dichotomy between
“past” and “present” such that our bodies (and
minds) have not had enough time to adapt to our
modern environments (Sharma 1998). For
instance, one might consider obesity and its
accompanying sequalae of hypertension and ath-
erosclerosis as one example of a disease resulting
from such an environmental mismatch. In com-
parison to Paleolithic communities, modern
humans consume large amounts of sugars, salts,
and fats (Eaton and Eaton 1991; Eaton et al. 1996;
Nesse and Williams 1999), all of which were
scarce and highly prized in Paleolithic communi-
ties but are relatively abundant in modern envi-
ronments. Our brains, however, still perceive and
process these stimuli as if we are in the Paleolithic,
driving us toward acquiring larger quantities of
these components to the detriment of our own
health and exasperated by the reduction in
human activity levels. Another example of this
type of maladaptation is that of human drug
dependency (Lende 2008), with comparative
genomic studies indicating an interesting overlap
in genes involved in addiction propensity and
human self-domestication (Calvey 2019). In addi-
tion, human sleep disorders may also result from
our modern environments. In primate evolution,
we observe a transition from that of arboreal sleep
to the building of nests that would secure a more
efficient and longer sleeping time to humans
sleeping on the ground, enhanced by the discov-
ery and control of fire conferring security to our
hominin ancestors (Nunn et al. 2016). The advent
of electricity and industrialization made a signifi-
cant impact on human sleep pattern, and one may
argue that the speed of technological evolution
and impact on human societal behavior has
outpaced the speed of human biological adaption,
explaining some of the myriad of sleep disorders
(Deboer 2020) and, more commonly, insufficient
sleep time, with all the associated health
consequences.
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Plasticity and Cultural Practices
The impact of plasticity and cultural practices on
human disease are two more recent additions to
the field of evolutionary medicine. All organisms
possess a general capacity for plasticity, for exam-
ple, the phenotype of an organism may shift in the
course of development as genes interact with
varying environments (Lea et al. 2017). In evolu-
tionary medicine, there is the acknowledgment
that environmental factors may have an impact
on human development resulting in changes to
health and that plasticity itself is an adaptive
mechanism under the influence of evolutionary
processes (Lea et al. 2017; Grunspan et al.
2018). Especially important for evolutionary
medicine are mechanisms that influence develop-
ment in response to environmental cues detected
during critical developmental periods (Lea et al.
2017). Cultural practices are also acknowledged
to have a significant impact on human health and
disease vulnerability. These cultural practices may
influence evolution (e.g., of humans, pathogens,
or other species within our environment) or influ-
ence medical practice (e.g., antibiotic, chemother-
apy, or caesarean section frequency within a given
population) (Grunspan et al. 2018). In terms of
evolutionary medicine, cultural practices are
considered an important non-Darwininian (i.e.,
non-genetic) trait and along with other epigenetic
factors (e.g., Handel and Ramagopalan 2010)
influence human health and disease in a Lamarck-
ian manner.

Conclusion

The field of evolutionary medicine has contrib-
uted significantly toward our understanding of
disease etiology and the evolutionary origins of
human susceptibility to disease. While this per-
spective continues to gain interest among special-
ists, especially biomedical scientists, it is hoped
that a growing set of clinicians might use the
insight gained from evolutionary medicine to bet-
ter address the healthcare needs of the communi-
ties they serve.
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