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he Evolution-Informed
ptimal Dietary Potassium Intake of
uman Beings Greatly Exceeds Current
nd Recommended Intakes

nthony Sebastian, Lynda A. Frassetto, Deborah E. Sellmeyer,
nd R. Curtis Morris Jr

An organism best fits the environment described by its genes, an environment that
prevailed during the time period (millions of years) when evolution naturally selected the
genes of its ancestors—those who survived to pass on their genes. When an organism’s
current environment differs from its ancestral one, the environment’s mismatch with the
organism’s genome may result in functional disadvantages for the organism. The geneti-
cally conditioned nutritional requirements of human beings established themselves over
millions of years in which ancestral hominins, living as hunter-gatherers, ate a diet
markedly different from that of agriculturally dependent contemporary human beings. In
that context, we sought to quantify the ancestral-contemporary dietary difference with
respect to the supply of one of the body’s major mineral nutrients: potassium. In 159
retrojected Stone Age diets, human potassium intake averaged 400 � 125 mEq/d, which
exceeds current and recommended intakes by more than a factor of 4. We accounted for
the transition to the relatively potassium-poor modern diet by the fact that the modern diet
has substantially replaced Stone Age amounts of potassium-rich plant foods (especially
fruits, leafy greens, vegetable fruits, roots, and tubers), with energy-dense nutrient-poor
foods (separated fats, oils, refined sugars, and refined grains), and with potassium-poor
energy-rich plant foods (especially cereal grains) introduced by agriculture (circa 10,000
years ago). Given the fundamental physiologic importance of potassium, such a large
magnitude of change in potassium intake invites the consideration in human beings of
whether the quantitative values of potassium-influenced physiologic phenomena (eg, blood
pressure, insulin and aldosterone secretion rates, and intracellular pH) currently viewed as
normal, in fact disaccord with genetically conditioned norms. We discuss the potential
implications of our findings in respect to human health and disease.
Semin Nephrol 26:447-453 © 2006 Elsevier Inc. All rights reserved.

KEYWORDS dietary potassium, human evolution, diet net acid load
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Nothing in biology makes sense except in the light of
evolution.
—Theodosius Dobzhansky1

Nature is the cure of illness. Leave thy drugs in the
chemist’s pot if thou can heal the patient with food.
—Hippocrates, 460-370 BC

rom the Department of Medicine, Divisions of Nephrology and Endocri-
nology, and the Moffitt/Mt. Zion General Clinical Research Center,
UCSF, San Francisco, CA.

ddress reprint requests to Anthony Sebastian, MD, Department of Medicine,
Division of Nephrology, Moffitt/Mt. Zion General Clinical Research Center,
pSan Francisco, CA 94303. E-mail: Anthony_Sebastian@msn.com

270-9295/06/$-see front matter © 2006 Elsevier Inc. All rights reserved.
oi:10.1016/j.semnephrol.2006.10.003
n organism’s structure, physiology, and metabolism best
serve the organism’s primary biological imperatives (sur-

ival and mating) when the organism lives in the environ-
ent described by its genes.2 For our hominin species, Homo

apiens, that propitious environment prevailed during the
ime period (millions of years) when evolution naturally se-
ected the genes of its hominin ancestors—more specifically,
hose hominins so adapted that they survived to pass on their
enes. In areas in which the current environment of Homo
apiens differs from the ancestral one to which evolutionary
orces adapted the species, the environment’s mismatch with
he organism’s genetic adaptations may result in structural,

hysiologic, and metabolic disadvantages.3
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448 A. Sebastian et al
The word hominin refers to the group (technically a tribe) of
ipedal primate species ancestral to Homo sapiens, including
omo sapiens and earlier Homo species, and Australopithecus spe-

ies. It replaces the older word hominid, which now includes
oth the hominin tribe and all the great apes, extant and ances-
ral.

As evolutionary biologist Richard Dawkins2 stated:

Living organisms are beautifully built to survive and
reproduce in their environments. Or that is what Dar-
winians say. But actually it isn’t quite right. They are
beautifully built for survival in their ancestors’ environ-
ments. It is because their ancestors survived—long
enough to pass on their DNA—that our modern animals
[including humans] are well-built. For they inherit the
very same successful DNA. The genes that survive down
the generations add up, in effect, to a description of what
it took to survive back then. And that is tantamount to
saying that modern DNA is a coded description of the
environments in which ancestors survived. A survival
manual is handed down the generations. A Genetic Book
of the Dead.

As evolutionary biologist George C. Williams4 stated:

A population living in a predictable environment does
little evolving. When the environment changes signifi-
cantly, quantitative changes evolve quickly toward new
optima. The ‘quickly’ must be understood to relate to an
evolutionary time scale on which anything taking a few
thousand generations is ‘quick’. All our ancestors of
three hundred generations ago were hunter-gatherers.
Nothing resembling big cities existed more than two

Differing Pre-Agricultural 
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Effect of Differing Ancestral Pre-

Diets on Daily

[Each vertical bar represents a different diet, 
shown in descending order of K intake.]

MEAN K+ INTAKE 
400 ± 125 

igure 1 Daily potassium intake for differing ancestral hominin prea-
ricultural diets. Each vertical bar represents a different diet, in
escending order of potassium intake from left to right. See Sebas-
ian et al29 for details of the criteria for selecting the daily menus of
ild animal-source foods and uncultivated plant-source foods.

Color version of figure is available online.)
hundred generations ago. Many of the foods we eat to- c
day and other aspects of current lifestyles are just one or
a few generations old. We must assume that evolution
has not been able to do much to adapt us to the environ-
ments we inhabit today.

uman
utritional Requirements:
volutionary Development

he lineage of our species’ goes back perhaps as many as 5 to
million years of hominin evolution before we can recognize

n ancestor that we have in common with our closest rela-
ives—chimpanzees and gorillas (however, see articles by
ennisi5 and Patterson et al6). The environmental changes of
he entire period of evolution beginning with the first homi-
ins undoubtedly made important contributions to our
resent genetic composition, with dietary patterns counting
s major genetically determining aspects of the environment.
o paraphrase the colorful expression by the Oxford histo-
ian, Felipe Fernandez-Armesto,7 a species’ most intimate
ontact with its natural environment occurs when the species
ats it.

The nutritional requirements for human survival and re-
roduction thus established themselves, at least in part,8

hrough the natural selection of genes over millions of years.
ncestral Homo species first appeared at the beginning of the
tone Age about 2 million years ago—the Stone Age (also
nown as the Paleolithic epoch) extended from approxi-
ately 2 million years ago to the beginnings of agriculture

pproximately 10 thousand years ago. During that period
ncestral Homo species (Homo habilis, Homo erectus, Homo
rgaster, inter alia) adapted to a profile of diets markedly
ifferent from that of the diets of contemporary human be-

ngs.9

When agriculture began about 10,000 years ago, Homo
apiens began giving up their lifestyle as hunter-gatherers, a
ifestyle in which they ate only wild animal and plant foods,
nd began settling down as farmers and animal husbanders,
nd began introducing foods to which they or their hominin

igure 2 Average potassium intake of the US population (NHANES
II, 1988-1991) by age group, both sexes, and all ethnicity groups

ombined. (Color version of figure is available online.)
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Evolutionary norm for dietary potassium 449
ncestors had no or negligible exposure to such as cereal
rains, legumes, animal milk and milk products, and fatty
eats.10 But the 10,000-year (300-generation) interval be-

ween the beginnings of agriculture and the present time
rovided natural selection too little time to produce the com-
rehensive restructuring of our physiology and metabolism
or optimal functioning in the face of such a major shift in
ietary patterns. Not to mention the even shorter period nat-
ral selection has had to adapt us to dietary novelties since
he more recent industrial and fast-food revolutions that fur-
her drastically changed our dietary environment.

Agricultural food sources actually did not dominate the
uman food supply until about 7,000 years ago.11

“Natural selection can never redesign a mechanism. It can
nly bring about slight quantitative shifts in its parameters.”4

“Constraints due to history: Perhaps a different arrange-
ent of leg muscles and bones would produce cheetahs that

un faster—however, the basic body form of mammals is
lready laid out in their genes and development in such a
utually constrained way, that is unlikely to be altered.
here really may be “no way to get there from here.”12

With respect to integrated metabolic and physiologic func-

igure 3 The relationship between the intake of unmeasured anions
eg, organic anions or potential bicarbonate) and potassium intake in
he 146 of the 159 diets shown in Figure 1 for which adequate data

able 1 Potassium Intake and Diet Net Acid Load of a Hypot

Food Group % of Daily Energy NEAP m

Paleolithic Diet (animal-to-plant energy � 35%-t
eat 35.0
uts 10.8
eafy greens 10.8
egetable fruit 10.8
ubers 10.8
oots 10.8
ruit 10.8
otals 100.0 �7

For simplicity, we divided non-animal-source energy intake equa
production
ermitted calculation. (Color version of figure is available online.) v
ioning, Homo sapiens’ genome therefore has remained fun-
amentally unchanged since agriculture began. Accordingly,
e need to look to our hominin ancestral diets, especially
uring the Paleolithic epoch, and compare them with our
odern diets to see if we can discover similarities that pre-

umably would favor optimal functionality, or to see if we
nd important differences that might render aspects of our
etabolism and physiology maladapted.

Stone-Agers in the Fast Lane”
aton refers to contemporary inhabitants of westernized
ountries as “Stone agers in the fast lane.”3 Accumulating
vidence suggests that the large-scale mismatch between our
odern diet and the nutritional requirements set by our Pa-

eolithic genome13 play a substantial role in the pathogenesis
f obesity, hypertension, diabetes, certain forms of cancer,
therosclerotic cardiovascular disease, kidney stones, age-
elated muscle wasting, and osteoporosis.14-19

With those considerations in mind, our research group
ought to quantify the dietary difference between Paleolithic
nd modern diets with respect to the provision of one of the
ody’s major mineral nutrients: potassium.

igure 4 Relationship between bicarbonate-precursor content (un-
easured anions) and the potassium content of individual nongrain

l Paleolithic Diet*

ay Protein g/day Potassium meq/day

; animal-fat energy � 26% animal-food energy)
178 71

7 8
30 116
24 113
6 33

10 65
5 28

258 435

ong the food groups. Abbreviation: NEAP, net endogenous acid
hetica

eq/d

o-65%

7.7

lly am
egetables and fruits. (Color version of figure is available online.)
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450 A. Sebastian et al
aleolithic Dietary Potassium
o estimate the potassium content of the human ancestral
iet, we followed Eaton and Eaton20 and Cordain et al21 re-
arding which food groups Stone Age human beings and
heir hominin ancestors habitually ingested, and what ratio of
nimal-to-plant foods they consumed. By using standard nu-
rient databases, we computed the potassium contents for a
eries of retrojected Stone Age diets (n � 159 diets) and
ompared those with values for an average American diet (as

able 2 Some Physiological Effects Of Potassium Bicarbon-
te And Bicarbonate-Generating Organic Anions That Have
ositive Health Benefits

Established Associations

tomach antacid#

iuretic,* natriuretic,* chloruretic*
ncreases serum potassium concentrations to evolutionary

optima*
orrects thiazide induced hypokalemia*39

ntihypertensive: reduces systolic & diastolic blood
pressure*40-44

ptimizes endothelial function*45

ncreases aortic compliance*46

troke prevention, independently of bp reduction*47,48,49

everses salt-induced (sodium chloride-induced) increases
in blood pressure*42,50

everses salt-induced increases in urine calcium
excretion�#42,51

ncreases urinary citrate excretion�#52–54

educes kidney stone formation�#55

educes urine calcium excretion and improves negative
calcium balance�#56

educes urine phosphorous excretion and improves
negative phosphorus balance#56

educes urine nitrogen excretion#57

nhibits osteoclastic bone resorptive activity#58

timulates osteoblastic bone formative activity#58

ecreases bone resorption markers in vivo#56

educes production of the reno-toxin, ammonia (NH3)�#

cts as vasodilator59,60

educes production of the reno-vasoconstrictor,
thromboxane*61

ncreases production of vasodilators, prostaglandins &
nitric oxide*62,63

educes free radical formation (therefore anti-
atherogenic)*64

ncreases growth hormone blood levels in older
individuals*65

eutralizes the diet-induced endogenous acid load#56

orrects the systemic metabolic acidosis caused by
typical American diets#56

ncreases plasma bicarbonate & reduces blood acidity#56

owers serum chloride concentrations#56

ncreases serum phosphorus concentrations*66

mproves age-related declines in cognitive function*67

predominantly a bicarbonate effect
predominantly a pottasium effect
#combined potassium and bicarbonate effect
aken from the Third National Health and Nutrition Exami- �
ation Survey [NHANES III]22). We reported the details of
he methodology in a previous publication in which we esti-
ated the systemic net acid load of Paleolithic diets.23

Within paleo-anthropologically accepted bounds of animal-to-
lant food ratios and animal fat densities, the Stone Age human
otassium intake averaged 400 � 125 mEq/d (Fig 1),24 which
xceeds the NHANES III age-grouped averages (�60-85
Eq/d) by factors greater than 4 (Fig 2). We do not assume that

ur Paleolithic ancestors consumed such above-contempo-
ary intakes on a daily basis, rather that they consumed dif-
ering amounts of potassium from day to day, perhaps over
he range indicated in Figure 1.22 It also exceeds the 120
Eq/d set for adequate intake by the Food and Nutrition
oard of the Institute of Medicine in 200425 and 2006,26 and
he same value, 120 mEq/d, recommended by the US Depart-
ent of Agriculture in 2005.27

What could account for that transition from our ancestral
elatively potassium-rich preagricultural diet to our current
elatively potassium-poor modern diet? We found that we
ould account for it by the fact that the contemporary diet
as substantially replaced Paleolithic amounts of potassium-
ich plant foods (especially fruits, leafy greens, vegetable
ruits [also known as vine fruits], roots, and tubers) with
nergy-dense nutrient-poor foods (separated fats, oils, re-
ned sugars, and refined grains), and with potassium-poor
nergy-rich plant foods (especially cereal grains) introduced
y agriculture (ca. 10,000 years ago).
Vegetable fruits (also known as vine fruits) and fruits com-
only referred to as vegetables (eg, cucumbers, squash, egg-
lant, tomato, and sweet pepper). All fruits come from flow-
ring plants as ripened ovaries containing seeds. Cereal
rains make up approximately 25% of the energy content of
he American diet. The potassium contents of brown rice,
heat, whole-grain wheat flour, corn, and barley range from
.9 to 3.1 mEq/100 kcal (mean, 2.3 mEq/100 kcal), com-
ared with the potassium contents of oranges, bananas, car-
ots, squash, and spinach, which range from 8.8 to 61.0
Eq/100 kcal (mean, 28.4 mEq/100 kcal), introduced by

griculture (circa 10,000 years ago). Omitting energy-dense
utrient-poor foods and cereal grains from the diet in a hy-
othetic Paleolithic diet, as shown in Table 1, reveals the

able 3 Some Physiological Effects Of Potassium Bicarbon-
te And Bicarbonate-Generating Organic Anions That Have
ositive Health Benefits

Proposed, with Plausible Rationales

pithelial cancer prevention*
lows the normal age-related decline in glomerular
filtration rate#

lows progression of chronic renal disease#

ncreases exercise capacity#

ounteracts some forms of male and female subfertility#

xtends lifespan�#

predominantly a pottasium effect
predominantly a bicarbonate effect

#combined potassium and bicarbonate effect
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otential for a markedly above-contemporary dietary potas-
ium intake.

Given the fundamental physiologic and metabolic impor-
ance of potassium, such a large magnitude of change in
otassium intake invites the question of whether in human
eings the quantitative values of potassium-influenced phys-

ologic phenomena (eg, blood pressure, insulin and aldoste-
one secretion rates, and intracellular pH) that currently are
iewed as normal in fact are in disaccord with genetically
onditioned norms. We must address that question, but be-
ore we can do so coherently we need to introduce a consid-
ration of the anions that accompanied potassium in the Pa-
eolithic diet.

nions Charge-Balancing
otassium in Natural Foods

n natural diets not subjected to processing that includes the
ddition of potassium salts, typically potassium chloride, a
ariety of organic anions accompany food potassium in near-
quivalent amounts. The body converts a large fraction of
hose organic anions to bicarbonate (base) as an end-product
f metabolism. We can estimate the organic anion content of
ndividual food items and of entire diets by determining the
ontents therein of the major inorganic cations and anions,
nd then calculating the difference, the so-called unmeasured
nion content, typically a positive number, which reflects the
rganic anion content, or the potential bicarbonate yield on
etabolism. Figure 3 shows how well the potential bicarbon-

te content of retrojected Paleolithic diets correlates with the
otassium content of those diets.
In Figure 3, note that the equivalents of a diet’s potential

icarbonate yield more than matches the equivalents of po-
assium in the diet (slope �1). The excess may in part rep-
esent organic anions not metabolizable to bicarbonate and
n part errors in determining inorganic cation and anion con-
ents. A similarly near-equivalent relationship exists for indi-
idual food items, as shown in Figure 4.

Not surprisingly, then, our Paleolithic ancestors consumed
heir large potassium loads, by contemporary standards, with
ear-equivalent amounts of bicarbonate precursors, the latter
ufficient to render the Paleolithic diet net base-producing in
ontrast to the contemporary Western net acid-producing
iet.28,29

ealth Benefits
f Potassium Organates

upplementing a contemporary Western diet with potassium
ccompanied by bicarbonate or a bicarbonate-generating or-
anic anion (eg, citrate) results in numerous physiologic ef-
ects with potential health benefits. Table 2 outlines some of
he well-established effects, which include positive effects on
lood pressure, cardiovascular dynamics, bone, and kidney,
nd preventive effects for stroke. Table 3 outlines effects for
hich one can generate a plausible rationale but require fur-
t
b
a
w
ther research.
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One obviously must exercise caution in supplementing
otassium in individuals with certain underlying conditions,
uch as hyperkalemia, chronic renal insufficiency, adrenal in-
ufficiency, aldosterone deficiency, and use of certain medica-
ions: angiotensin-converting enzyme inhibitors, angiotensin
I–receptor blockers, potassium-sparing diuretics, cyclooxygen-
se-2 inhibitors, and nonsteroidal anti-inflammatory drugs.
ndividuals without such contraindications tolerate chronic
arge potassium loads without developing hyperkalemia (Ta-
le 4) because the human kidney excretes chronic potassium
and bicarbonate) loads with great facility and prodigious
apacity.30-33

The Institute of Medicine has not set a Tolerable Upper
ntake Level (UL) for potassium intake. They reported:

In otherwise healthy individuals (ie, individuals without
impaired urinary potassium excretion due to a medical
condition or drug therapy), there is no evidence that a
high level of potassium from foods has adverse effects.
Therefore, a UL for potassium from foods has not been
set . . . Fruits and vegetables, particularly leafy greens,
vine fruit [a.k.a., vegetable fruit] (such as tomatoes, cu-
cumbers, zucchini, eggplant, and pumpkin), and root
vegetables, are good sources of potassium and bicarbon-
ate precursors. Although meat, milk, and cereal prod-
ucts contain potassium, they do not contain enough bi-
carbonate precursors to balance their acid-forming
precursors, such as sulfur-containing amino acids.

The Yanomamo Indians represent only one human culture
n the contemporary world in which dietary potassium intake
emains in the retrojected Paleolithic diet range. Denton34

eports their mean 24-hour urine potassium excretion as 303
105 mmol/d (see Table 27-7 in article by Denton34). The

anomamo have a mean body weight of 55 � 2 kg. If we
onsider an 85% gut absorption of consumed potassium, and
xtrapolate to a standard 70-kg body weight, potassium in-
ake computed from the urine excretion rates would amount
o 70*([303/0.85]/55) � 454 mEq/d.

eyond Potassium
mericans would have difficulty increasing their daily po-

assium intake to levels greater than 200 to 250 mEq/d
ecause they would have to substitute a large number of
ervings of fruits and nongrain vegetables (considerably
ore than current United States Department of Agricul-

ure recommendations) in place of energy-dense nutrient-
oor foods and relatively potassium-poor (per kilocalorie)
lant foods. Giving up cereal grains, which are not only an
cid-producing plant food but among the lowest of potas-
ium densities of plant foods,35 would require a major
ifestyle change, but not an impossible one.36-38 Such a
hange in dietary lifestyle could have numerous health
enefits beyond those resulting from increased potassium

ntake.3,35 As Ophelia says in Shakespeare’s Hamlet, Act
V, Scene V: “We know what we are, but know not what we

ay be.”
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