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ABSTRACT

Evolutionary biology informs us that the living world is a product of evolution, guided by the Darwinian mechanism of natural selection. This
recognition has been fruitfully employed in a number of issues in health and nutrition sciences; however, it has not been incorporated into education.
Nutrition and dietetics students generally learn very little or nothing on the subject of evolution, despite the fact that evolution is the process by
which our genetically determined physiological traits and needs were shaped. In the present Perspective article, 3 examples of topics (inflammatory
diseases, nutrition transition, and food intolerance) that can benefit from evolutionary information and reasoning are given, with relevant lines of
research and inquiry provided throughout. It is argued that the application of evolutionary science to these and other areas of nutrition education
can facilitate a deeper and more coherent teaching and learning experience. By recognizing and reframing nutrition as an aspect and discipline
of biology, grounded in the fundamental principle of adaptation, revelatory light is shed on physiological states and responses, contentious and
unresolved issues, genomic, epigenomic, and microbiomic features, and optimal nutrient status and intakes. Adv Nutr 2022;13:1431–1439.

Statement of Significance: Evolution is not routinely taught or considered as part of study programs in nutrition. The paper specifically
addresses this deficiency and suggests areas in which evolutionary biology may be fruitfully employed.
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Introduction
A core axiom of biology is that organisms are adapted to
particular environmental circumstances and exposures as a
result of evolution via natural selection. Nutrition represents
a central feature of the conditions of life for all organisms;
hence, Darwin’s lessons have obvious implications for the
teaching of this subject. Yet, evolution is not regularly taught
as part of nutrition programs. In a 2018 survey of 2039
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nutrition and dietetics professionals and students, 98% of the
1710 participants who could recall reported having received
limited or no information about evolution as part of their
education (1). However, the majority were of the opinion that
an understanding of evolution can aid in the field of nutrition
and dietetics.

These findings are in line with the experiences of this
author, who is nutritionally trained and now teaches at
a higher education institution. A primary purpose of the
educator is to endow students with the best possible tools
and practices for making sense of and utilizing the subject at
hand. In this sense, it appears amiss to overlook or skip over
evolution in nutrition-related affairs.

The theoretical basis and rationale for evolution-oriented
nutrition and medicine have been extensively reviewed over
the most recent decades (2–17). However, to the author’s
knowledge, no published report details attempts at incorpo-
rating this knowledge into nutritional curricula and teaching.
In this paper, 3 examples of the application of evolutionary
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insights will be discussed, with the purpose of informing
educators (e.g., teachers, clinicians, coaches) and learners
(e.g., nutrition and medical students, health professionals,
laypeople with a keen interest in nutritional matters) about
the usefulness of such insights for the understanding of diet
and health.

Inflammatory Diseases
Over the most recent decade it has become clear that
inflammation is a central etiological factor in many of the
diseases and health disorders of the modern world, including
cardiovascular disease, obesity, depression, and Alzheimer
disease (9, 10, 18–22). This knowledge is now gradually
becoming incorporated into nutrition curricula, largely as
a result of the recognition that nutrition is an important
modulator of the immunological condition (9, 10, 23, 24).
Whereas a healthy diet can contribute to homeostasis, a
diet with unfavorable nutritional characteristics can lead to
chronic inflammation through a number of mechanisms,
such as by causing gut dysbiosis, buildup of arterial plaque,
and excess adipose tissue (9, 10, 18, 21, 23, 24).

Inflammation is a conserved response, integral to organ-
ismal defense and survival. Through evolutionary thinking,
one arrives at the conception that the suite of behaviors and
physiological responses commonly seen in conjunction with
inflammatory responses serves (or at least served) a Dar-
winian purpose. This recognition has been used to explain
various phenomena and conditions seen in association with
inflammation, such as depression (22) and insulin resistance
(9). In a classroom setting, this type of adaptationist thinking
can help students connect and understand behaviors and
symptoms. It serves as a shared starting point for interesting
and fruitful discussion.

In my own comprehension and teachings on the matter, I
have found basic evolutionary biology to be of great value,
particularly with respect to mental disorders and obesity.
The latter is of particular relevance to nutrition students
and is usually a core theme of study programs in diet and
health. By thinking evolutionarily, one moves away from
the age-old mantra of “eating less and moving more” into
deeper discussions, revolving around ultimate explanations
for the physiological and behavioral abnormalities that exist
in obesity. As a disorder characterized by low-grade chronic
inflammation, one would expect to see symptoms and
behaviors associated with increased inflammation, such as
fatigue and physical inactivity (25, 26). Once presumably
adaptive, such responses could help explain a lack of desire to
exercise in the current obesogenic and inflammatory climate
by suggesting that inactivity is not solely a cause of obesity but
may, in fact, be a result of it. This theory, which is backed by
animal studies (27, 28), has obvious implications for health
professionals counseling overweight patients, or individuals
training to take up such a role.

Nutrition Transition
As part of nutrition and dietetics studies, students learn about
nutritional components and their role in health and disease.

As a central theme of undeniable importance, one would
expect this endeavor to include evolutionary considerations
and discussions. However, this is often not the case. Typically,
the focus is largely or solely on the physiological effects
of the nutrient under scrutiny, as well as experimental
investigations of the links between the nutrient and different
health outcomes. While useful, such approaches are limited
in their scope, and sometimes also yield contradictory
results, generating incoherence and confusion. Simply said,
under the current paradigm, students learn how things are,
but not why they are that way. Physiological responses to
nutritional inputs are explored and discussed, often in depth;
however, ultimate explanations for the effects are only rarely
touched upon. By adding an evolutionary approach to the
investigative repertoire, teachers and students can attain a
deeper and more complete understanding and appreciation
of the matter.

Examples
Omega-3 fatty acids.
Nutrition students learn that the long-chain omega-3 (n–3)
fatty acids EPA and DHA are beneficial to brain development
and chronic disease prevention; however, the evolutionary
rationale for why that is, is generally not conveyed. This
undermines the students’ ability to recognize the fundamen-
tal basis, strength, and validity of what they are learning.
For such a recognition to take place, one would arguably
have to inform the students about the intake of the fatty
acids in human evolution, intertwined with the concept of
adaptation.

The discovery that long-chain omega-3 fatty acids, and in
particular DHA, are key functional and structural compo-
nents of human brain tissue suggests that these compounds
were a significant part of hominin diets during the evolution-
ary expansion of the hominin brain, which more than tripled
in size during the past 3.5 million years (29, 30). Increased
consumption of high-quality energy-dense animal foods, and
perhaps over time also cooked underground storage organs
(31), provided the necessary substrate to build and fuel a
larger, more energy-demanding brain (32, 33).

It has been estimated that human beings are evolutionarily
accustomed to a ratio of n–6 to n–3 fatty acids of approx-
imately 1 to 1, while the intake as part of current Western
diets is in the range of 10 to 1 to 20–25 to 1 (34). This dramatic
shift results from both an increased consumption of n–6 fatty
acids and a decreased intake of n–3 fatty acids. Relative to
farmed and industrially produced animal foods, the tissue
of wild animals generally contains significantly more n–3
PUFAs as a percentage of total fat, but lower quantities of n–
6 PUFAs. As an example, in a 2020 Norwegian study, farmed
Atlantic salmon was found to have an n–6 to n–3 ratio more
than 10 times higher than that of wild salmon (0.7 vs. 0.05)
(35). As a proportion of total fat, long-chain n–3 fatty acids
constituted 8.9% in the farmed salmon, but 24.1% in the wild
variety (35). Similar patterns have been observed in the meats
of wild versus domesticated terrestrial animals (36, 37), and
this helps account for some of the estimated difference in
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FIGURE 1 (A–C) Intake or status of selected nutrients in different populations relevant to discussions of nutrition transition. All values are
statistical means. Data sources: sodium (49, 52), n–3 (102, 103), vitamin D (66–69). 25(OH)D, 25-hydroxyvitamin D.

the n–3 fatty acid content of modern compared to Paleolithic
diets (Figure 1A). A long-held belief is that human evolution
principally occurred in relatively dry, savannah-like environ-
ments; however, this assumption has not gone unchallenged,
with some researchers proposing a greater significance of
land-water ecosystems and marine food sources (12, 38). A
higher intake of aquatic foods would have resulted in even
higher intakes of n–3 fatty acids, with a larger discrepancy
between current and ancestral intake values. Low DHA has
been linked with deficient neural and mental development
in children, neurodegenerative disease in the elderly, and re-
duced brain volume across the lifespan (30, 39–41). This can
be understood on the basis of evolutionary dietary insights.

Sodium.
In the case of long-chain n–3 fatty acids, there is a
general consensus of healthfulness within the nutritional
community. However, in certain other cases, varying levels

of controversy exist. Here, evolutionary perspective may be
of even greater importance, as it can help settle disputes.
One such instance is dietary salt. The majority of authors
and publications contend that current sodium (Na) intakes
far exceed healthful levels, and this is also the position of
public health agencies (2, 42–44). However, this stance has
not gone unchallenged, with some authors positing that the
efforts aimed at markedly lowering dietary salt intakes are
misguided (45–48). An evolutionary perspective yields great
clarity in this matter by shedding light on the sodium intake
levels that have conditioned human genetics and physiology.
Information about ancestral and traditional diets suggests
that the levels experienced by our naturally living ancestors
would have been many times lower than current exposures
(3, 42, 49–51). At the far end of the spectrum are the
Yanomami hunter-gatherers living in the Amazonian jungle,
who have been reported to take in less than one-hundredth
of the current global average of approximately 4 g Na/d
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(Figure 1B) (49, 52). In combination with the recognition
that wild, unprocessed foods are naturally low in sodium, this
type of data clearly refutes the notion that we are adapted to
high salt intakes. High sodium has been linked with disorders
such as hypertension, heart disease, and autoimmunity (42,
44, 53–56)—conditions that are rare or absent among hunter-
gatherers and traditional horticulturalists consuming low-
salt diets (11, 53).

Vitamin D.
Another instance of discourse concerns vitamin D, which
is important for calcium homeostasis and bone mineral-
ization, immune function, and disease prevention (57–59).
It is obtained through diet and sunlight and commonly
measured as the concentration of 25-hydroxyvitamin D
[25(OH)D] in serum. A concentration of 50 nmol/L has
been used as a threshold for sufficiency (60, 61). However,
a number of vitamin D researchers have proposed, and
now operate on the basis of, a higher recommendation
(typically >75 nmol/L) (57, 58, 62–65). The contention
that increased concentrations are required for function and
health is partly based on evolutionary insights. As a species
whose evolution largely took place in a warm climate, with
considerable UV radiation, one would expect that we are
evolutionarily accustomed and adapted to high vitamin
D levels. This notion is supported by data showing that
traditionally living groups in Africa maintain a mean vitamin
D concentration of 115 nmol/L (66), a concentration that
greatly exceeds those measured in people living under more
industrialized conditions (Figure 1C) (58, 67, 68). Vitamin D
deficiency is particularly common and severe among dark-
skinned individuals taking up residence in colder areas of
the world, where there is less sunlight than closer to the
equator (69–71). This is a classic example of mismatch—
a core concept in evolutionary medicine that refers to a
discrepancy between a trait (in this case, skin color) and
an aspect of the environment (in this case vitamin D–
generating UV radiation). Skin pigmentation has been under
strong selection in recent human evolution (72), with ethnic
populations at higher latitudes exhibiting lighter skin tones
compared with the dark African complexion. This trait
is strongly associated with sun exposure (72), with dark
eumelanin-rich skin providing a natural barrier, inhibiting
adequate vitamin D synthesis in regions with low levels of
UV light (71, 73–75). The case highlights that a recognition
of evolutionary adaptation and discordance is critical with
respect to identifying nutritional risks and needs of different
population groups.

General considerations
In the feeding of other animal species (e.g., zoo animals),
randomized controlled trials are not conducted to determine
what is an appropriate diet; rather, optimal diet composition
is inferred from the animals’ nutrition in their natural habitat
(76–80). In humans, such an approach is complicated by
the fact that hominin evolution occurred (and continues to
occur) in a variety of ecological circumstances and niches;

hence, the dietary intakes of our ancestors would have
varied across time and space. However, Africa is of central
importance to our genus and species, as a place of origin and
development (81–83). Furthermore, dietary reconstructions
and analyses show that both preagricultural and preindustrial
diets have a number of characteristics in common that
unify them and separate them from modern nutritional
practices (2, 9, 11, 84). The commonalities in our dietary
past suggest that, although differences pertaining to recent
genetic and epigenetic change, personal preference, physical
activity levels, and health status, call for some customization
on the individual and group level, there exists a shared set of
fundamental nutritional requirements for our species.

In contemporary nutrition, nutritional adequacy is fre-
quently confused with nutritional optimality. Modern nutri-
tional science has made significant strides with respect to
elucidating the minimal micronutrient dosages required to
avoid overt deficiency; however, it is a considerable way off
from defining what constitutes an optimal intake. Moreover,
it has primarily been concerned only with a small subset of
the more than 26,000 distinct biochemicals found in our food
(85). Mapping and defining appropriate intake levels of all
of these compounds through standard nutritional research
procedures is difficult, if not impossible. The Darwinian
concept of adaptation, coupled with information about
ancestral human diets, may serve as a guiding principle by
which to make inferences and generate hypotheses.

As a student, and now as an educator, I have found infor-
mation about nutritional transitions to be particularly useful
with respect to understanding and conveying the broader
patterns of diet and health. By gaining insight into these
patterns, students attain a more fundamental understanding
of nutrition that may better enable them to connect different
facts and subjects, discriminate between solid and weak
information, and gain confidence in their knowledge. It shifts
the focus away from single-nutrient explanations towards a
more holistic view in which the organism is connected to the
totality of nutritional circumstances and inputs under which
its inherited biology evolved.

Food (In)tolerance
Perhaps the most well-known and frequently cited example
of dietary adaptation is the fairly recent selection for lactase
persistence (86–88). This case clearly highlights the relevance
of evolutionary theory to nutrition. In the absence of such
knowledge, the concept of adaptation is not well defined
and may be taken to mean a range of things more or
less inaccurate, vague, and/or crude. Evolutionary biology
informs us that adaptation is specific (in this case, involving
the enzymatic hydrolyzation of the disaccharide lactose into
its constituent parts, galactose and glucose) and occurs at the
genetic level as a result of the impact of the relevant allele and
trait on organismal reproductive success under the current
environmental conditions. A number of genes and traits are
involved in mediating the effects of an environmental (e.g.,
dietary) exposure on the body, health only matters insofar as
it affects survival and reproduction, and if the environment
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TABLE 1 Engaging the exploratory Darwinian: open-ended questions for educational purposes

Inflammatory diseases Nutrition transition Food (in)tolerance

What is the fundamental purpose of the
body’s inflammatory responses?

How has our dietary environment changed
over the past 10 million years?

Is there an evolutionary explanation for
food sensitivity and allergy?

What do the characteristics, regulation, and
actions of the immune system inform us
about our evolutionary past?

What was the impact of the agricultural and
industrial revolutions on our diets, and
what were the health effects of these
changes?

What is the reported incidence of different
types of food allergies and sensitivities,
and does this incidence track with any
environmental exposures?

Which foods and nutritional components
have been shown to induce
inflammation, and which have been
shown to be ameliorating?

What are the primary differences between
current Western diets and
hunter-gatherer diets, both with respect
to food intake and nutritional
characteristics?

Which, if any, exposures have been causally
linked to food intolerance, and have
these exposures changed over time?

Looking at our diet, what are the chief
differences between ancestral and
modern diets with respect to the
proinflammatory potential?

What are the principal health differences
between primitive and urbanized groups,
and how do these relate to diet?

What drove the evolution of lactase
persistence?

How can we reduce the inflammatory load
of our current diets and food
environment?

What do experimental studies tell us about
the health effects of different types of
diets, common to different parts of our
evolution?

What does the evolution of our diets inform
us about what types of foods and
nutritional components we presumably
tolerate well?

How do inflammatory diseases affect
nutritional needs, and is there an
evolutionary explanation for this impact?

How did ancestral nutritional environments
inform the evolution of our appetite and
dietary preferences?

How may the gut microbiota participate in
the breakdown of otherwise
nondigestible food components, and
how can this be explained from a
Darwinian point of view?

How does inflammation affect bodily
function and behavior, and what could
be potential Darwinian explanations for
these effects?

What are some unanswered questions with
respect to the evolution of the human
diet?

What do evolutionary insights inform us
about prevention and treatment of food
allergies and intolerances?

changes, the characteristic may no longer have the same
fitness value. This lends a more nuanced perspective than
what is attained through more superficial teachings of the
subject of lactose intolerance.

In the new microbiota-heavy nutritional era, evolutionary
understanding appears more important than ever. It is now
recognized that adaptation may not only take place within
the slow-evolving human genome but also within the fast-
evolving human microbiome. In the case of lactose intol-
erance, several studies have investigated this phenomenon,
finding that lactose-digesting lactic acid bacteria in the
form of fermented dairy products or supplements, and/or
lactose feeding, reduce symptoms of lactose intolerance (89–
92). Colonic adaptation (i.e., expanded lactose-digesting
capabilities of the microbial ecosystem of the large intestine)
has been offered as a chief explanation for the improved
tolerance in such interventions (92, 93). Such changes are
hard to fully grasp and appreciate in the absence of ecological
and evolutionary insights.

The importance of this concept is not restricted to lactose,
but rather extends into the larger realm of nutrition. This
follows from the recognition that lactose is only one of many
nutritional substrates that, to varying degrees, are accessed
and utilized by members of the resident intestinal microbiota.
In particular the broad spectrum of nondigestible (to
the human host) carbohydrates found in plant foods are
pertinent in this regard, as they constitute the majority

of the nondigestible portion of the human diet (94, 95).
This group of compounds has been a part of the human
diet for millions of years (51, 82, 96); hence, there is no
evolutionary reason to suspect that it is not compatible with
our biology. However, in irritable bowel syndrome (IBS),
intolerance is frequently observed, a recognition that has
spurred the use of dietary exclusion protocols [e.g., the low-
FODMAP (-fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols) diet]. While having proved
effective for alleviating symptoms in many patients (97),
this approach does not address the associated gut dysbiosis
that has been documented in IBS (98) or microbiota–
diet adaptation. As a matter of fact, stringent exclusion
approaches would be expected to undermine such efforts, by
robbing beneficial biota of their primary fuel substrates. If
one were to apply the adaptation principle invoked in the case
of lactose, approaches aimed at microbiota diversification
and manipulation appear reasonable and worthy of further
investigation, beyond what has already been conducted.
Bacterial communities adapted to feeding and cross-feeding
on the relevant substances, and that do not cause the
generation and accumulation of noxious products, would
be required for proper digestion and nutritional utilization.
Organisms that have demonstrated digestive capability—
for example, in an anaerobic fermented food ecosystem—
appear ideal candidates as “probiotics.” In this regard,
vegetable and/or fruit ferments in which some degradation

Evolutionary biology in nutrition education 1435



FIGURE 2 Evolution as connective tissue in nutrition. A selection of core subjects that find support and nurture in fundamental insights.

of plant fibers is achieved would be promising as therapeutic
products.

IBS is a prevalent disorder, estimated to be affecting about
1 in 10 people globally (99), and complaints covered by
this umbrella, including food intolerance and sensitivity,
bloating, flatulence, and irregular bowel habits, are among
the most frequently encountered issues by dietitians. This
signifies that rigorous and thorough science and education
are of great importance in this area. An evolutionary
perspective lends valuable insight by spotlighting the dietary
and microbial elements and inputs that have informed
our biological development, the nature of evolution and
adaptation within both our human and microbial selves, and
areas in which discussion and research are required and
warranted.

A set of evolutionary inquiries that can facilitate a
deeper understanding of inflammatory diseases, nutrition
transition, and food (in)tolerance is shown in Table 1.

Concluding Remarks
The year 2019 marked the 160th anniversary of the publi-
cation of Darwin’s groundbreaking work On the Origin of
Species by Means of Natural Selection, or the Preservation of
Favoured Races in the Struggle for Life (100). In that time,
his fundamental insights have become embedded into the
very core of natural science. In biology, evolution, and in
particular, the mechanism of natural selection, is the great
unifier and explainer, as epitomized by the famous quote
by evolutionary biologist Theodosius Dobzhansky: “Nothing
in biology makes sense except in the light of evolution”
(101). In dealing with living organisms, nutrition and health
sciences are undeniable intrinsically linked with biology.
Yet, teachings on the subject have largely been dissociated
from it. As a result, many within the field possess at best

a rudimentary understanding of the fundamental laws and
principles that govern life on Earth. A greater incorporation
of evolutionary biology into nutritional curricula is required
to correct this deficiency.

In this paper, 3 examples of educational utility have
been discussed. The experiences of the author are that the
described evolutionary facets do not demand a complete
curricular reorganization but rather may be implemented
into existing course material and education, with the purpose
of facilitating deeper and more coherent thinking and
learning. However, students should ideally have a basic
understanding of evolution, and in particular, selection and
adaptation, when entering the themes. An introductory
course or classes in evolutionary biology may serve the
students very well, considering the universality of evolution-
ary principles to life processes and characteristics. Looking
beyond the 3 examples provided in this text, evolutionary
inquiry and thinking may be fruitfully employed in a range
of subjects, from skeletal health to cancer development to
gastrointestinal physiology (Figure 2). A list of scientific
resources that can be utilized for educational purposes is
provided as a Supplemental Appendix.
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