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Introduction — Inter-individual Variation and Populational Diversity

Why do two athletes with the same bodyweight and similar training regime require
different amounts of calories to maintain weight? Why do some people maintain or even
gain performance on a very-low-carbohydrate diet while others lose it?

How much, in health and disease, in training and other aspects of life, is any rule
applicable to all, to a subpopulation of humans or only one individual?

Why is something a sign of disease in some people and not in others?

In the nutrition sciences, after years of unsolved controversy concerning “the” best
macro-nutrient diet composition, “the” best approach for weight loss or weight gain, “the”
best parameters for a healthy weight or body compositions, cautious researchers are
paying attention to relevant inter-individual differences. More than that, the inter-individual
differences became a research topic and whether it is approached from an evolutionary,
genetic, populational, ethnic or metabolomic perspective, most researchers and
practitioners accept the need to understand diversity.

PART 1: One Training Size Fits One

Perhaps in a few years, every clinic in every corner of the world and even most citizens
in industrialized countries will have their biomarker assessment mobile device, readings in
plain language and easy to follow dietary instructions.
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Meanwhile, read on to understand why we are so diverse and the ways to find your best
diet options.

Epidemiological Patterns and Evolutionary Adaptations

Let's start with milk, a common topic. Is non-human milk really a great food for everyone?

No, it is not. The chief reason why adult humans are intolerant to milk is the inability to
digest lactose, a milk sugar. Humans need the enzyme lactase to do it. All infants have
lactase but an estimated 65% of adults stop producing the enzyme as they stop breast-
feeding.

Approximately 65% of the human population is lactose intolerant. Milk-protein
allergies contribute to making non-human milk not a food option for 2/3 of
humanity.

Understanding the distribution of lactose malabsorption is critical for the design of public
health policies focused on nutrition or famine mitigation strategies (Storhaug et al 2017,
Rangel et al 2016).

Figure 2: Prevalence of lactose malabsorption in different countries assessed with all methods

From: Storhaug et al 2017
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Table 3. Primary adult hypolactasia prevalence in different populations.

Country Prevalence (%) Method!
Germany 14.8 BH
Austria 20.1 BH
Brazil (white) 57.0 G
Brazil (Terenas Indians) 89.3 BH
Brazil (Japanese) 100.0 G
Brazil (mulattos) 57.0 G
Brazil (Negroes) 80.0 G
China 873 G
Estonia (Finnish-background) 24.8 G
France 234 BH
Hungary 37.0 G
India (North) 67.5 G
India (South) 86.8 G
Italy 51.0 BH
Japan (adults) 89.0 BH
Jordan (Bedouin) 24.0 BH
Jordan (West) and Palestine 75.0 BH
Russia (Northeast) 35.6 G
Siberia (Khants) 94.0 G/T
Somalis 76.0 BH
Sudan (Béja tribe. farmers) 16.8 BH
Sudan (Nilotis tribe. farmers) 74.5 BH
Sweden (Caucasian children) 10.0 G
Sweden (non-Caucasian children) 66.0 G
Sweden (Caucasian elderly) 5.0 G
Tuareg 12.7 BH
Turkey 71.3 BH

'Breath hydrogen test (BH). Genetic (G) and Glycemia/Tolerance (G/T).
Source: Jellema et al. (2010).

From Rangel et al 2016

Cow milk protein allergies (CMPA) contribute to overall non-human milk intolerance.
CMPA is the most common type of food allergy. Approximately 50% to 70% of subjects
have skin reactions, 50% to 60% gastrointestinal symptoms and 20% to 30% have
respiratory symptoms (Rangel et al 2016).

Two recent studies about the benefits of milk as a recovery drink for team athletes (Rankin
et al 2018, Rankin et al 2020) were authored by scholars from the UK on local subjects.
As was shown above, that is where cow milk intolerance is the lowest in the world.

Where does such significant variability come from? Evolution.
Lactase persistence can be directly observed by measuring the glucose concentration

changes in the blood after milk ingestion or the amount of breath hydrogen, one of the
products of gut bacteria metabolism of undigested lactose (Itan et al 2010).
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Figure 1 Interpolated map of Old World LP phenotype frequencies. Dots represent collection locations Colours and colour key show the
frequendes of the LP phenotype estimated by surface interpolation,

From: Itan et al 2010

To make sense of the variation in digestive and metabolic traits we must examine human
migration in the past 200,000 years, during which they were shaped by evolution. These
include the digestibility of food components, like milk or starchy food and the ability to
synthesize certain molecules, like long-chain fatty acids or vitamin D.

The migration patterns out of Africa based on analyses of Mitochondrial DNA changes with
the different families of DNA haplogroups shown as well as their inferred origins

Fig. 3 The migration patterns out of Africa based on ly Mitochondrial DNA changes with the different families of
DNA haplogroups shown as well as their inferred arigins. ‘Taken from Wallace (28 but reaffirmed in reference 29. The
migration of female homo sapiens, as assessed in different regions’ indigenous peoples’ different mitochondrial DNA
(miDNA) haplotypes with their intrinsic historic imprints, the seq af af women from Africa and the
migration of peoples across Eurasia, Australia, and the Americas as shown in the figure. The numbers within the figure
denote Years Before the Present (YBP). The wiparentally inherited miDNA can only change by sequential accumulation of
mudations along radiating female lineages. Therefore, the mtDNA mutational free and ancient migrations of women were
recanstructed by sequencing mtDNAs from indigenous populations and mn—e!atmg their regmrm[ cb.:.afe:—a of related
haplotypes ﬁ(ap[ﬂgmups} wth the p:pulutmns geographic location. The haplogroups are they were
by - African hap o L0 is the most ancent mtDNA Ineage found in the
Koi-San peaples, L1 and L2 in Pygmy populations. From haplogroup LS fwo mtDNA lineages, M and N, arose in Ethiopia
and sumehsfi.ﬂy left Africa to colonize H're rest af the world about 65 000-70 000 YBP. The founder miDNA of
haplogrowg N hark  two mtDNA iors, ND3 G10398A (A1147) and ATP6 GET0I1A (AS9T), whereas
the founder of macrohaplogroup M did not hm—baurma_;nrjundmm{ mutations. Early M and N emigrants from Africa moved
through Southeast Asia, ending in Australic. N mtDNAs also maved north from Africa info the Middle East to generate
B hapl R and European-specific hapl ips H, J, T, U, Uk, and V (from B} and I, W, and X (from N). N and R
geave rise to Asum hap[ogmups At YandB-o—F mh}?cﬁu@]y Thg group with haplog—rmp M moved north out of Southeast Asia
fo colonize Asia, ps C and D and M ps A B C D, and X .subsequent!y
migrated to the Americas. The mr:DNA mutation rate is 2.2-2.9% per mzﬂlm years umijizrmgher than the muation rate in
nuclear DNA'.

From James et al 2019
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A global mapping model of human migration, based on the divergence of the
mitochondrial DNA (which indicates the matrilineage). Timescale (ka) indicated by colors.
CC BY-SA 3.0, from https://commons.wikimedia.org/w/index.php?curid=227326

There were several pre-historical migrations out of Africa. The evolutionary separation of
modern chimpanzees and hominins ancestors happened 7-9 million years before present
(YBP). Around 3-4 million YBP, the environment occupied by our pre-Homo ancestors
changed from a forested one with an abundance of fruits to a drier environment where
small and large animals could be collectively hunted, reinforcing social behavior. Roots
and tubers were other sources of food. Major changes in dietary practices and digestive
physiology occurred. These human ancestors ate much more protein, fat, and minerals.
The fatty acid desaturase enzymes (FADS | and Il) emerged at this time and allowed the
oleic acid found in animals to be elongated to synthesize long-chain essential fatty acids.
About two million YBP, some hominins migrated from Africa and along hundreds of
thousands of years, colonized different areas in Europe and Asia. Neanderthals and
Denisovans are two different species from this early stock.

The same new environmental conditions selected for a much larger brain, requiring more
energy and more fatty acids for the enormous and convoluted organ.

It is assumed that Homo sapiens speciated around 200,000 YBP. Later, around 100,000
YBP, a sub-set of Homo sapiens migrated out of Africa and hybridized with archaic
hominins from earlier diasporas. All non-African modern humans possess some
Neanderthal ancestry and Melanesian populations additionally possess some Denisovan
ancestry.

Humans spread and diversified. Linguistic studies have shown a correlation between four
very different large African language groups and population DNA differences.

Genetic sub-types nutritionally adapted to different conditions continued to evolve:
features adapted to pastoralism or agriculture, to colder and shorter-day
environments or tropical ones were selected and retained.

Meanwhile, in Africa, archaic hominids continued to exist until about 35,000 YBP. Since
then, hybridization with Homo sapiens provided that 2-5% of current African DNA derives
from the ancient hominins. Homo sapiens colonized the diversity of African eco-systems
and different digestive and dietary traits were selected.
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Table 1 Ethnic and diff in al processing and melabolism
Nutrient Ethnic differences Dietary challenge or opportunity Nutritional significance
Lactose  Asian & most Afdcan groups have Capadty to domesticate cattle for  Iniolerance to high lactose intakes
lactosc intelerance but many milk production found in many is usual after infancy but several
other societal groups different parts of the world socicties relatively recently
independently evolved capacity to developed persistent lactase
digest lactose metivity]
Starch  Rain foreat dwellers in Africa Rainforest dwellers particularly Amylase 1{AMY]) greater copy
comparad with pastoralists reliant on fruit so lower amylase number improves the digeation in
digestive capacity required but groups on high starch diets vs.
with more sparse forest and open  pastoralists; higher copy number
country the avaiability of tubers  may also hdp to overcome the
and other crops increases starch  impact of mtestinal diseases
availability markedly
Long Multiple ethnic group differences  Coastal populations have far more  Ethnic groups with long standing
Chain acmoss Alfrica, Europe & Asia dietary long chain fatty acids from  dicts low in animal foods have
Fatty depending on traditional diet fish than in inland commumnities; higher FADs* enzymes so able to
Acids animal sounces provide some produce LCPUFAs" more readily
essential fts but otherwise the
main unsaturated fat source i
from plants so desaturation and
clonga tion to produce cssential
fatty acids become important.
Mcohol  Asia /Oceania societies intolerant  Alcohal tolerance induced about 10 Low acetaldehyde dehydrogenase
milbon yrs. ago when cap to with lation af
eat fermented fresh fruit became  acetaldehyde leading to hot
important in tropical forest fushing of face + intolerance of
conditions. Mitochondrial gene aloohol
mutations relating to
account for loss of aloaohol
tolerance in Asians.
Folate Northern Eumsian groups have Marked differences in the ready Those with low activity of MHTFR
higher prevalences of the MHTFR  availability of dietary folate CHTTT enzyme activity have
CATTT polymorphism associated throughout the year dependant on higher needs for dietary folate
with reduced activity and higher climate, temperature, rainfall and  with greater susceptibility to
homocystene levels soil fertility. neural tube defects and possibly
ather conditions
Vitamin Dark skinned populations Darker skin mom protective of skin - Darker skinned people need
D from inlense sun exposure in greater exposure o sunlight or
Africa; lighter skin develops as more oral Vitamin D2 to swoid
sun becomes less intense away bone changes e.g. rickets and to
from the equatar. improve immune function
Ancestral genechmF

Fructose Humaons, Great and Lesser Apes  Tree living primates dependent on May have had o role in protecting
are more sensitive to the effects of  fruit as an energy source with the  ancestral apes from starvation

fructose in increasing their liver
fat and stimulating
ghuconeogenesis than other
mammals due to a loss of uricase
that eocurred during the Miocene

capacity to induce energy reserves
important.

"FADS, Fatty acd dehydmgenases | and I
'LCPUFAs, Long Chain Polyunsaturated Fatty Acids.

From: James et al 2019
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Despite thousands of years of genetic hybridization, differences consistent with
earlier human genetic sub-populations still exist and determine much of present-
day food intolerances, allergies, and human metabolism differences.
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A "trellis" that emphasizes back-and-forth gene flow among geographic regions. By
Source, Fair use, https://en.wikipedia.org/w/index.php?curid=36621737

The Fad Diets and the Anti-Fad-Fads: Things People Love to Hate

Fad diets are dietary programs promoted as optimal, universal, and aggressively
marketed. It should be clear by now that none of them is scientifically consistent.

The easiest to discard is the “paleo diet’, promoted over the assumptions that present-day
humans should eat as their “paleolithic” ancestors did. The Paleolithic period extends from

the earliest known use of stone tools by hominins c. 3.3 million YBP, to the end of the

Pleistocene c. 11,650 years before present. Down goes the paleo diet: there were multiple

paleolithic ancestors, multiple diets, digestive and metabolic types. Still, the diet can and
will be adequate for certain individuals, matching their digestive and metabolic makeup.

Now, the most controversial is the ketogenic diet (KD), a very low-carbohydrate, high-fat

diet. Studies that both support or reject it are based on

a” sample from “a” population. As

should be clear by now, we don’t know which people in the experimental or observed
groups are genetically capable of digesting higher starch contents, higher animal fat, milk
products and whose microbiome and oxidative phenotype agrees with a high-fat, low-

carbohydrate diet.

The origin of the KD is the treatment for refractory (difficult to control and unresponsive to

medication) epilepsy in children. Fasting had been used to control epilepsy since ancient
times. However, it is not a sustainable method. In 1921, two physicians, Woodyatt and
Wilder, published findings suggesting that diets containing very low amounts of

carbohydrate and high amounts of fat mimicked the metabolic effects of starvation. Wilder

https:/imww.elitefts.com/education/one-diet-size-fits-one/

713


https://www.elitefts.com/wp/wp-content/uploads/2020/03/gene-flow.jpg
https://en.wikipedia.org/w/index.php?curid=36621737

4/8/2020

One Diet Size Fits One/ Elite FTS

treated patients at the Mayo Clinic where, in 1925, Peterman standardized the
macronutrient composition of the KD: 1g per kg of body weight of protein, 10-15g of
carbohydrate and the rest of the calories from fat (Wheless 2008).

By the end of the 1930s, the new anticonwulsant drug diphenylhydantoin was developed.
The focus on epilepsy shifted from understanding the mechanisms of action of the KD to
the development of new drugs. For decades the diet was forgotten even though about 20%
of epileptic children are still refractory to anticonwulsants. Johns Hopkins hospital still
offered the treatment.

KD attracted attention again in the late 1990s. Since then, it has been studied, sometimes
successfully, to manage or treat a variety of neurological disorders and other pathologies,
as well as obesity.

KD'’s exact mechanism of action remains elusive. The metabolic changes result
from glycogen depletion, very low levels of blood glucose and the breakdown of
fatty acids into ketone bodies (acetoacetate, D-B-hydroxybutyrate (D-3-
hydroxybutyrate), and acetone) in the liver, creating a state called “ketosis”.
Under ketosis, the brain, which usually uses only glucose, can use ketone bodies
as fuel.
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Alterations in intermediary metabolism during KD. From Hartman et al 2007
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B-Hydroxybutyrate —— Acetoacetate — Acetyl-CoA
[From Figure 1]
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Alterations in the metabolism of excitatory amino acids and y-aminobutyric acid
(GABA) during KD. From Hartman et al 2007

These metabolic alterations happen in any animal on KD. The reasons why these
alterations suppress conwulsions and control symptoms of other neurological disorders are
unknown. The first targets for investigation were the ketone bodies themselves, either
through direct action or by affecting neurotransmitters metabolism (Harman et al 2007),
and glycolysis restriction in favor of oxidative phosphorylation (Bough & Rho 2007). Other
authors suggest that KD controls neurological disorders not though ketone bodies, but by
a combination of mechanisms involving fat metabolism. Certain lipids, such as medium-
chain fatty acids, have their own independent anticonwulsant effects. Anti-oxidant and anti-
inflammatory properties are also candidates for the mechanisms observed during KD, as
well as mitochondrial biogenesis and other epigenetic mechanisms. Finally, KD's
anticonwulsant and neuroprotective action may also be related to its effect on the gut
microbiome (Boison 2017, Bough et al 2006, Augustin et al 2018).

Why the KD controls or cures neuropsychiatric disorders has more to do with whatever is
different in these patients than the mechanisms described above, which we know to be
“associated” with the effects. The clues are mitochondrial defects or anomalies (Pei &
Wallace 2018, Cabral-Costa & Kowaltowski 2020).

The polarization of opinions concerning KD is extreme in the exercise sciences and
obesity studies. Either KB benefits athletes with no harm (or increase) to their
performance or it's incompatible with high performance (McSwiney et al 2019, Zinn et al
2017, McSwiney et al 2018, Greene et al 2018, Kang et al 2020). Either it is the ideal diet
for obese patients or it is at least as effective as conventional diets and in a worst-case
scenario, harmful.

A 2019 JAMA editorial (Joshi et al 2019) listed a number adverse effects from mild to
severe, including the “keto flu,” an induction period of fatigue, weakness, and
gastrointestinal disturbances, cardiac arrhythmias from selenium deficiency,
nephrolithiasis, constipation, halitosis, muscle cramps, headaches, diarrhea, restricted
growth, bone fractures, pancreatitis, and multiple vitamin and mineral deficiencies.

The Mayo Clinic “verdict” about the ketogenic diet is that it is harmful because it
eliminates several important foods from a “healthy” diet, such as dairy products and whole
grains.

The controversy persists.
All we can say now is that there are probably many people who will suffer adverse effects.

Other people will thrive on the KD. The Innuit people, whose diet resembles the KD, have
been around for a long time (Munch-Andersen et al 2012, Fumagalli et al 2015).
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The other reason for the inconsistency of results is the confusion in nomenclature. Having
"low-carbohydrate” says too little about a dietary program. What is the fiber content?
What are the foods? What is exactly the macro-nutrient composition? Is it hypo or
isocaloric? If hypo, how much so? With no standards in the protocol, we're not even
talking about the same thing (Trimboli et al 2020).

The key to understanding all these discrepancies is the new evidence concerning inter-
individual variability due to genetic, epigenetic or gut microbiological factors. Besides
being highly individualized, the gut microbiota has been implicated in a wide range of
pathological and healthy conditions (Liu & Zhu 2018, Bliss &Whiteside 2018). Its
biodiversity is also associated with the evolutionary diversification of dietary, digestive and
metabolic constitution (Schonorr et al 2016). Finally, the gut microbiome is one of the
chief participants and modulators of the inter-organ cross-talk (Martin et al 2018).

bi-communication
(ENS, CNS, ANS,
vagus nerve, blood—
brain barrier, HPA axis)

neurology

environment development
stress, diet, antibiotics, stress and the gene ex!u?wnn‘ neumn.nl hyper/
nutrients, ctablishs of hypo activity, serotonergic system,

HPA axis, wholefregional brain size,

social network position a
po adult phenotypes reward perceplion

host genes

cognitive performance
acquisition and reverse learning,
= short- and long-term memory, spatial
ultimate consequences memory, inhibitory control, social
food acquisition, fecundity, information transfer
behaviour
anxiety, social behaviour, food
preferences, behavioural activity,
animal personality

health, survival, co-evolution
between microbes and hosts

Figure 1. Causes and consequences of individual variation in the microbiome in relation to environmental and developmental effects, and the subsequent impact on
neurological, cognitive and behavioural traits. Arrows indicate potential causal directions of relationships and are not exhaustive (for example, development may
directly affect cognition independent of microbiome). Italics refer to selected phenotypes that have yet to be investigated empirically (i.e. animal personality) and
where null results have been found (i.e. sodal information transfer [18]).

From Davidson et al 2018

Precision nutrition emerged in recent years to address these problems. At this point, it is
an ambitious project involving mobile technology, data science, and on-ground portable
diagnostics.

“Precision nutrition encompasses prevention and treatment strategies for optimizing
nutritional status that consider individual variability in diet, lifestyle, environment, and
genes by accurately determining an individual's nutritional status.” (Srinivasan et al 2017)

If the infrastructure can be made affordable enough, dealing with major nutritional
problems in different settings will be far more manageable.

A Few Takeaways

1. There is no universal healthy diet or macronutrient composition. You must identify
what is healthy for you.

2. Tests are limited so trial and error and long-term observation are important. You
probably know if you have major food intolerances or allergies. Writing down your
reaction to changes in diet is helpful.

3. If you feel you need to change your diet, try substituting or eliminating some items
and observe how you react (if there is no improvement, re-include the item you
excluded). Examples: Eliminate high glycemic index sugars (glucose, sucrose,
maltodextrin, etc). Eliminate high glycemic index sugars and reduce as much as
possible starchy foods, especially processed starch. Substitute grains for tubers
and vice-versa. Eliminate dairy food for one month.

4. If you need to lose fat, you need to reduce your total calorie intake. Try doing this
by preferentially decreasing either fat or carbohydrate. If you have been
unsuccessful with one approach, try the other.
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Take good care of your gut microbiota. It needs soluble and insoluble fibers, and
as much fresh and unprocessed food as you can. Adding fermented foods to your
diet or taking probiotic supplements may help, although this is still controversial.
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