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Diet, evolution and aging

Introduction

The nutritional requirements of humans were estab-
lished by natural selection during millions of years of in
which humans and their hominid ancestors consumed
foods exclusively from a menu of wild animals and un-
cultivated plants [2, 3]. By contrast, the past 10,000 years
– less than one percent of hominid evolutionary time –
has afforded natural selection insufficient time to gen-
erate adaptations and eliminate maladaptations to the
profound transformation of the human diet that oc-
curred during that period consequent to the inventions
of agriculture and animal husbandry,and more recently,
to the development of modern food production and dis-
tribution technologies [2–5].

In comparison to the diet habitually ingested by pre-
agricultural Homo sapiens living in the Upper Pale-
olithic period (40,000 to 10,000 years ago), also referred
to as the Late Stone Age, the diet of contemporary Homo
sapiens has an overabundance of fat, simple sugars,
sodium and chloride, and a paucity of fiber, calcium and
potassium [2]. From an evolutionary nutritional per-
spective, contemporary humans are Stone Agers habitu-
ally ingesting a diet discordant with their genetically de-
termined metabolic machinery and integrated organ
physiology [6]. This article discusses some of the poten-
tial consequences of these changes.

The modern dietary excess of NaCl 
and deficiency of K+ and HCO3

– precursors

From extensive data on the diets of existing hunter-gath-
erer societies, and from inferences about the nature of
the Paleolithic environment, Eaton and Konner analyti-
cally reconstructed the Paleolithic diet and estimated
the probable daily nutrient intakes of Paleolithic hu-
mans [2]. In an estimated 3000 kilocalorie diet, meat
constituted 35 percent of the diet by weight and plant
foods, 65 percent. Total protein intake was estimated as
251 grams per day, of which animal protein was 191
grams, and plant proteins, 60 grams per day. By contrast,
modern humans consume less than one-half that
amount of animal protein, and only about one-third that

amount of plant protein, per kilocalorie of diet con-
sumed [7].Sodium intake was estimated at about 29 meq
per day, and potassium intake, in excess of 280 meq per
day. By contrast, modern humans consume between
100–300 meq of sodium per day, and about 80 meq of
potassium per day.

That is, in the switch to the modern diet, the K/Na ra-
tio was reversed, from 1 to 10, to more than 3 to 1. Since
food sodium is largely in the form of chloride salts, and
food potassium largely in the form of bicarbonate-gen-
erating organic acid salts, the Cl/HCO3 ratio of the diet
has become correspondingly reversed. Further, the ex-
tent to which the dietary K/Na ratio is reversed increases
with age [8], and presumably therefore also does the
Cl/HCO3 ratio. Yet, the biologic machinery that evolved
to process these dietary electrolytes remains largely un-
changed, genetically fixed in Paleolithic time [2]. Thus,
the electrolyte mix of the modern diet is profoundly
mismatched to its processing machinery and the extent
of the mismatch increases with age.As a consequence of
the diet-kidney mismatch, contemporary humans are
not only overloaded with Na+ and Cl– but also deficient
in K+ and HCO3

–. Fig. 1 demonstrates this exchange of
monovalent ions.

■ Adverse effects of excessive dietary sodium chloride

Excessive dietary sodium intake is mostly known to be
associated with elevated blood pressure. Studies in indi-

tive answers to the questions we
asked above.

Can we provide dietary guide-
lines for controlling dietary net
acid loads to minimize or eliminate
diet-induced and age-amplified
chronic low-grade metabolic acido-
sis and its pathophysiological se-
quelae. We discuss the use of algo-

rithms to predict the diet net acid
and provide nutritionists and clini-
cians with relatively simple and re-
liable methods for determining and
controlling the net acid load of the
diet. A more difficult question is
what level of acidosis is acceptable.
We argue that any level of acidosis
may be unacceptable from an evo-

lutionarily perspective, and indeed,
that a low-grade metabolic alkalo-
sis may be the optimal acid-base
state for humans.
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Fig. 1 Exchange of potassium intake for sodium (meq/day) in transition from pre-
agricultural to modern diets.


