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Summary We postulate a critical role for the quantity
and quality of dietary carbohydrate in the patho-
genesis of non-insulin-dependent diabetes mellitus
(NIDDM). Our primate ancestors ate a high-carbo-
hydrate diet and the brain and reproductive tissues
evolved a specific requirement for glucose as a
source of fuel. But the Ice Ages which dominated
the last two million years of human evolution
brought a low-carbohydrate, high-protein diet. Cer-
tain metabolic adaptations were therefore necessary
to accommodate the low glucose intake. Studies in
both humans and experimental animals indicate that
the adaptive (phenotypic) response to low-carbohy-
drate intake is insulin resistance. This provides the
clue that insulin resistance is the mechanism for cop-
ing with a shortage of dietary glucose. We propose
that the low-carbohydrate carnivorous diet would
have disadvantaged reproduction in insulin-sensitive
individuals and positively selected for individuals
with insulin resistance. Natural selection would

therefore result in a high proportion of people with
genetically-determined insulin resistance. Other fac-
tors, such as geographic isolation, have contributed
to further increases in the prevalence of the geno-
type in some population groups. Europeans may
have a low incidence of diabetes because they were
among the first to adopt agriculture and their diet
has been high in carbohydrate for 10,000 years. The
selection pressure for insulin resistance (i.e., a low-
carbohydrate diet) was therefore relaxed much soon-
er in Caucasians than in other populations. Hence the
prevalence of genes producing insulin resistance
should be lower in the European population and any
other group exposed to high-carbohydrate intake for
a sufficiently long period of time. [Diabetologia
(1994) 37: 1280-1286]

Keywords Diet, diabetes, carbohydrate, protein, evo-
lution.

Non-insulin-dependent diabetes mellitus (NIDDM)
is one of the most common chronic conditions affect-
ing the world’s population. In the Pima Indians and
Nauruans, the prevalence of NIDDM has reached
epidemic proportions [1] while in other groups, such
as the Australian Aborigines, the prevalence is sever-
al times higher than that of non-Aboriginal Austra-
lians. Eskimos, once thought to be resistant, are now
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developing diabetes in increasing numbers [2]. In
fact, the European population and their descendents
in other parts of the world may be the only group
which does not have a high predisposition to
NIDDM [3]. The major underlying metabolic charac-
teristic is now known to be insulin resistance which
precedes the onset of the disease and appears to be
genetically determined [4-8]. Lifestyle changes are
thought to be responsible for exposing the genetic
predisposition to NIDDM although the specific fac-
tors involved are not known.

We postulate a critical role for the quantity and
quality of dietary carbohydrate in the pathogenesis
of NIDDM. Our hypothesis is that insulin resistance
offered a survival and reproductive advantage dur-
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Fig.1. The small quantity of carbohydrate in the diet of some
groups during evolution is postulated to have acted as a selec-
tive force, increasing the proportion of people with the ‘carni-
vorous’ genotype, i.e., insulin resistance (IR). In certain
groups of people, environmental pressures, such as starvation,
further increased the proportion of people with the gene(s)
for insulin resistance. In others, such as Europeans, the selec-
tion pressure was relaxed when agriculture increased the
amount of carbohydrate (CHO) in the diet. Westernisation is
associated with a high glycaemic index (GI), high-carbohy-
drate diet, which produces prolonged postprandial hyperinsu-
linaemia and leads to beta-cell exhaustion in those with IR.
Hence, NIDDM will be more prevalent in populations with a
high frequency of the IR gene(s)

ing the Ice Ages which dominated the last two million
years of human evolution. During the Ice Ages, hunt-
ing of large game animals rather than gathering of
plant foods was the principal source of food energy.
The diet of many human groups was therefore low in
carbohydrate and high in protein for most of the
year. We propose that this carnivorous diet would
have disadvantaged reproduction in insulin-sensitive
individuals and positively selected for individuals
with insulin resistance. Other factors, such as geo-
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graphic isolation have contributed to further increa-
ses in the prevalence of the genotype in some popula-
tion groups. But beginning about 10,000 years ago
with the end of the last Ice Age and the development
of agriculture, the selection pressure for insulin resis-
tance (i.e., a low-carbohydrate diet) was relaxed in
some groups. Agriculture first began in the Middle
East and spread throughout Europe long before it
was developed elsewhere. Hence the prevalence of
genes producing insulin resistance should be lower
in the European population and any other group ex-
posed to high carbohydrate intake for a sufficiently
long period of time. The hypothesis is summarised in
Figure 1.

Our hypothesis hinges on four lines of evidence.

1. that during the last two million years of evolution,
humans were primarily carnivorous, i.e., flesh-eating
hunters consuming a low-carbohydrate, high-protein
diet

2. that a low-carbohydrate, high-protein diet requires
profound insulin resistance to maintain glucose
homeostasis, particularly during reproduction

3. that genetic differences in insulin resistance and
predisposition to NIDDM can be explained by differ-
ences in exposure to carbohydrate during the past
10,000 years

4. that changes in the quality of carbohydrate can ex-
plain the recent epidemic of NIDDM in susceptible
populations.

The low-carbohydrate existence

For most of geological time, the world’s climate was
warmer and more homogeneous than it is today. Our
pre-human ancestors who lived in Africa 2-4 million
years ago enjoyed this warm, moist environment and
gathered ripe fruits and berries from the tropical for-
ests. Carbohydrate was an important part of their
diet {9]. But about 2.5 million years ago, a severe Ice
Age sent global temperatures plummeting and
prompted the conversion of moist African woodland
into much drier open savanna [10]. As the grasslands
expanded, the tree cover shrank and forest-dwelling
chimpanzees yielded to bipedal hominids who be-
came increasingly carnivorous. Homo habilis who
lived 2 million years ago was almost certainly a scav-
enger who supplemented a vegetarian diet with meat
left over from predators’ kills. H. erectus who lived
1.5 million years ago is known to have actively hunt-
ed [11]. There are many anthropologists who be-
lieve that hunting was the pressure that selected for
the large brain of H. sapiens (i.e. “man the hunter”)
[12].

As one Ice Age followed another (nine in total
during the last 700,000 years), hunting and fishing be-
came a dominant way of life not just in high latitudes
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but also in warmer environments. Ice Ages lock a
large amount of water into ice caps, making the
whole planet drier. Hence plant growth is mainly in
the form of grasslands which only herbivores can uti-
lise.

About 50,000 years ago, Neanderthal man was dis-
tributed from what is now Germany and France to
parts of Russia, the Middle East and North Africa.
They were cold-climate hunters of large game and
subsisted primarily on game during the coldest peri-
ods [11]. Similarly, Cro-Magnon man who replaced
the Neanderthals about 35,000 years ago, lived
through the coldest of the Ice Ages on a high-protein
diet. Their diets contained virtually no carbohydrate
except minor amounts found in the liver or gut con-
tents of animals and in seasonal roots and berries.
Items that were gathered included nuts and shellfish
but these contain little or no carbohydrate. The an-
cestors of the Australian Aborigines who arrived in
Australia 40-50,000 years ago inhabited either coast-
al or well-watered inland areas, and led a hunting
and shellfish-gathering existence [13]. Although sea-
sonally and geographically variable, their diet was
characteristically high in protein and low-to-moder-
ate in carbohydrate [14].

Even during the inter-glacials, parts of the world
remained cold (e.g., Arctic and sub-arctic regions)
and continued to have little vegetation; human in-
habitants maintained a hunting/fishing existence.
Thus, the Eskimos are a modern-day example of a
group whose historic diet was almost devoid of read-
ily absorbable carbohydrate [15]. Similarly the Do-
grib Indians of Northwest Canada have only recently
incorporated any significant amount of carbohydrate
in their diet [16].

Our hypothesis relates to both the quantity and
quality of the carbohydrate in the diet. Berries and
root vegetables would have supplied some carbohy-
drate, especially at lower latitudes and during inter-
glacials, but probably not a great deal. Wild plants
are fibrous and not as sweet as their cultivated
equivalents. Much of the carbohydrate was therefore
unavailable [17] and over half the available carbohy-
drate was in the form of fructose which elicits a small
insulin response [18]. Root vegetables that grow in
cool climates contain large amounts of inulin, a fruc-
to-polysaccharide that is not digested and absorbed.
Furthermore, the available glucose was absorbed
very slowly in the presence of large amounts of fibre.
In effect, any carbohydrate foods were low glycae-
mic index foods.

A low-carbohydrate, high-protein diet was there-
fore the nutritional ‘backdrop’ for some of the most
important stages in human evolution. The actual
amount of carbohydrate eaten has been estimated to
range from as little as 10 g up to 125 g a day which
contrasts with the present-day intakes of 250 to 400 g
[9]. Only brief periods of 10,000 years or so were
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characterised by temperatures in which the earth
was as warm as it is today and higher carbohydrate in-
take was feasible. The present interglacial, however,
is unique because it corresponded to the advent of
agriculture and the intake of large amounts of starch
for the first time in human existence [19].

Agriculture began in the Near East and spread ra-
pidly to Europe, resulting in an increase in the con-
sumption of plant food, particularly of cereals which
were high in starch [19]. Agriculture spread gradual-
ly throughout Asia and the Americas; Meso-Ameri-
cans did not adopt agriculture until approximately
5,000 years ago and Pima Indians only 2,000 years
ago [20]. Indeed, many Paleo-Indians continued to
maintain an arctic-like hunter-gatherer lifestyle
which featured a reliance on big game species as a
major source of food [21]. Australian Aborigines
never developed agriculture [13]. The early settlers
of the Nauru and other Pacific atolls consumed a
diet dominated by fish and coconuts, i.e., low in car-
bohydrate and high in protein [22]. Attempts to culti-
vate root crops were thwarted by drought, barren
soils and natural phenomena such as hurricanes.

Metabolic consequences of a low-carbohydrate,
high-protein diet

Our primate ancestors in the tropical forests of Africa
evolved on a high-carbohydrate diet and the brain
and reproductive tissues evolved a specific require-
ment for glucose as a source of fuel [23, 24]. But the
Ice Ages which dominated human evolution brought
a low-carbohydrate diet, and since the brain, the fe-
tus and the mammary gland all had a specific require-
ment for glucose, certain metabolic adaptations were
necessary to accommodate the low glucose intake.
Many studies have shown that human metabolism
adapts to a high-protein, low-carbohydrate diet. In
acute experiments, a protein meal stimulates post-
prandial insulin and glucagon secretion without a
commensurate change in plasma glucose [25-27].
Chronic ingestion of a low-carbohydrate, high-
protein diet results in increased hepatic glucose pro-
duction and decreased peripheral glucose utilisation,
i.e., insulin resistance [28, 29]. Both the ability of in-
sulin to inhibit hepatic glucose production and to aug-
ment tissue glucose disposal are impaired. The in-
creased hepatic glucose production is the result of
the high protein intake and is mediated through an
increased carbon flux through the gluconeogenic
pathway. Possible mechanisms include a mass action
effect of increased concentrations of gluconeogenic
substrates, or the increased glucagon level which
stimulates gluconeogenesis, or the activation of a
number of key enzymes in the gluconeogenic path-
way. The decreased insulin-stimulated glucose dispo-
sal by peripheral tissues is largely due to the de-
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crease in carbohydrate intake and the consequent hy-
poinsulinaemia [29].

Thus, a high-protein/low-carbohydrate diet can
produce metabolic adaptation in the short term. The
phenotypic expression of this adaptation is insulin re-
sistance, both in the liver and the peripheral tissues.
This provides a strong clue that insulin resistance is
the mechanism for coping with a shortage of glucose
but a surfeit of amino acids. While it is clear that
some animals can survive on low-carbohydrate diets
by developing insulin resistance, their ability to re-
produce appears to be severely compromised. Fe-
male dogs fed a carbohydrate-free diet with 26 % pro-
tein became hypoglycaemic and ketotic towards the
end of gestation and over a third of the puppies were
stillborn [30~32]. We believe that reproduction is
compromised because an insulin-sensitive animal
cannot adapt sufficiently to the low dietary glucose
supply to compensate for the extra demands for glu-
cose during pregnancy.

The demand for glucose increases during pregnan-
cy because the fetus and placenta oxidise glucose as a
source of energy and the synthesis of glycoproteins
and glycolipids requires preformed glucose. In fact,
the materno-fetal unit utilises proportionately more
carbohydrate than lipid as a fuel source compared to
the non-pregnant state and fasting glucose levels fall
late in pregnancy [33]. Interestingly, these changes in
fuel utilisation are associated with a progressive in-
crease in peripheral insulin resistance during all hu-
man pregnancies [34, 35].

Adequate synthesis of glucose from gluconeogenic
amino acids may be accomplished if dietary protein is
sufficiently high. For example, dogs are able to repro-
duce on a carbohydrate-free diet when the protein in-
take is as high as 50 % [31, 32]. This fits well with the
evolutionary development of the dog as a hunter,
since the body of prey would have supplied only a lit-
tle available carbohydrate but large amounts of pro-
tein. The dog therefore falls halfway between a carni-
vore and an omnivore. In true carnivorous animals
like the cat, gluconeogenesis is also more or less per-
manently “switched on” [36] with maximal gluconeo-
genesis occurring in the absorptive phase immediate-
ly following a meal. Carnivorous animals like the cat
which have evolved and reproduce well on a low car-
bohydrate intake, appear to be genetically insulin re-
sistant [36]. Moreover, they appear to develop
NIDDM when exposed to a high-carbohydrate diet
[37].

There is also an increased demand for glucose dur-
ing lactation for the synthesis of lactose in milk. In
rats, insulin resistance develops in muscle while the
mammary gland becomes extremely sensitive in or-
der to facilitate the preferential utilisation of glucose
and other lipogenic precursors by the mammary
gland [38, 39]. By analogy, very low-carbohydrate
diets during human evolution may have selected for
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insulin-resistant females whose metabolism con-
served glucose for fetal survival and milk production.

It may also be relevant that the average insulin-
sensitive subject finds a low-carbohydrate, high-pro-
tein diet difficult to tolerate. Most studies have been
prematurely aborted after a couple of weeks because
subjects complained of nausea and weakness [28].
On the other hand, there is evidence that insulin-re-
sistant subjects and genetically obese animals can tol-
erate a high-protein diet very well. In one study the
subjects were actually individuals with NIDDM and
the high-protein diet produced the most desirable
metabolic profile of all four diets that were com-
pared [40]. In other studies, the subjects were Austra-
lian Aborigines who adopted their traditional high-
protein diet for several months [41, 42]. Lean Zucker
rats could not adapt to a low-carbohydrate diet,
while their genetically obese siblings could [43].

Hence, we propose that a more profound degree
of insulin resistance or a different mechanism pro-
ducing insulin resistance or both, is required to repro-
duce successfully on a low-carbohydrate diet. The
genes/enzymes involved in dietary-induced insulin
resistance may, therefore, be entirely different from
those involved in producing an inherited insulin resis-
tance which had reproductive advantages.

Differences in predisposition to NIDDM

Insulin resistance is now recognised as the earliest
metabolic “defect” in those destined to develop
NIDDM [44]. Our hypothesis proposes that this insu-
lin resistance was the normal genotype for much of
the world’s population at the end of the last Ice Age.
How then do we account for the relative insulin sensi-
tivity and low prevalence of NIDDM in Caucasians?
And how do we account for the extraordinary preva-
lence of NIDDM in groups like the Pima and Naur-
uans?

We believe that Europeans have the lowest inci-
dence of diabetes because their diet has been high in
carbohydrate for longer than any other population
group. The amount of carbohydrate in European
diets increased dramatically about 10,000 years ago
with the advent of agriculture [11, 19]. The selection
pressure for insulin resistance (i.e., a low-carbohy-
drate diet) was therefore relaxed first in Caucasians.
Hence, we would expect the prevalence of genes pro-
ducing insulin resistance to be lower in the European
population and any other group exposed to high car-
bohydrate intake for sufficiently long. We know this
is long enough to alter the frequency of a gene be-
cause lactase persistance during adulthood became
the norm in this population over the same space of
time [45, 46].

Relaxation of selection pressures has resulted in
many features characteristic of humans. For exam-
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ple, the use of weapons obviated the need for strong
jaws and teeth for survival, and we gradually evolved
our present mandibular structure. Relaxation of the
selection pressure for insulin resistance is not the
same as saying that insulin sensitivity became a selec-
tive advantage. Positive selection for insulin sensitiv-
ity might occur if high carbohydrate diets compro-
mised reproduction in insulin-resistant populations.
However, there is no evidence in the Pimas at pre-
sent that fertility is reduced on high-carbohydrate,
western diets.

We propose that further evolutionary pressures
and geographic isolation produced populations which
were particularly insulin-resistant. Both the Naur-
uans and Pima Indians are examples of geographical-
ly isolated populations in which genetic “bottle-
necks” have diminished genetic diversity [47]. The
Nauruans experienced severe human losses due to in-
fectious disease, droughts and food shortage within
the past century. Similarly, the number of Pimas was
severely reduced by starvation after the arrival of Eu-
ropeans in the 1860’s. Starvation results in the same
metabolic profile as that occurring with a low-carbo-
hydrate, high-protein diet, i.e., increased gluconeo-
genesis and peripheral insulin resistance [48, 49]. Initi-
ally, hepatic glycogen is mobilised but subsequently
gluconeogenesis from precursors such as endogenous
amino acids, is increased. The oxidation of non-esteri-
fied fatty acids produced from lipolysis leads to sup-
pression of glucose utilisation and oxidation via the
glucose/fatty acid cycle [50, 51]. Hence, acute starva-
tion in Pimas and Nauruans this century may have se-
lected for those with a profound degree of insulin re-
sistance that was determined by their genetic inheri-
tance and therefore passed to their offspring.

O’Dea [14] and Wendorf and Goldfine [21] have
also proposed that insulin resistance is a mechanism
for coping with variable food intake during evolu-
tion. They invoke the thrifty gene hypothesis which
postulates that cycles of food scarcity and abundance
selected for individuals with mechanisms to increase
the deposition of food energy as body fat for subse-
quent use during periods of food scarcity [52, 53].
However, specific mechanisms for coping with food
scarcity, particularly of carbohydrate foods during
pregnancy, were probably of more immediate sur-
vival advantage. These would include the ability to
avoid severe ketosis and blunt the usual decline in
plasma glucose which occurs with prolonged fasting
or carbohydrate deprivation [51]. Insulin resistance
may have been the mechanism which achieved this.

The quality of the carbohydrate
The agricultural revolution brought a sharp increase

in the quantity of carbohydrate consumed. When the
industrial revolution occurred in the 17th century,
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the quality of that carbohydrate changed. Until then
carbohydrate had been eaten in a form which was
slowly digested and absorbed, eliciting small post-
prandial insulin responses [54, 55]. Legumes and ce-
reals which are coarsely ground or flaked are classed
as low glycaemic index foods [56]. Similarly, many of
the traditional carbohydrate foods of the Pima In-
dians, Pacific Islanders and Australian Aborigines
have been shown to be low glycaemic index foods,
producing relatively small increases in plasma glu-
cose and insulin [57, 58]. Thus, although the carbohy-
drate content of the diet had increased as a result of
agriculture, the beta cells were not unduly stressed.

However, the industrial revolution in the 17 th cen-
tury brought about significant changes to the milling
of cereals which affected the rate of digestion and ab-
sorption of carbohydrate. Cereals began to be ground
very finely by high-speed roller mills which removed
almost all the indigestible material and increased the
yield and palatability. The starch was thus made much
more digestible and the postprandial glycaemic and
insulin responses were 2 to 3 times higher compared
to the coarsely ground flour or whole grain [55, 59].
At about the same time potatoes were introduced
into western diets and they too have been shown to
produce high glycaemic and insulin responses [56].

The modern high glycaemic index diet is therefore
a relatively recent phenomenon which stresses the
beta cells to a much greater extent than previous
high-carbohydrate diets. The challenge is even more
pronounced in individuals with insulin resistance
such as Pimas and Australian Aborigines [60, 61].
Furthermore, high glycaemic index diets have been
shown to worsen insulin resistance [62]. Only the car-
bohydrate staples of modern western diets require
beta cells capable of secreting large amounts of insu-
lin for a lifetime.

It would not be surprising therefore if many indi-
viduals did not have the beta-cell capacity to do this,
considering the fact that humans did not need this
ability in the past. Those who fail to sustain a high
rate of insulin secretion will develop impaired glu-
cose tolerance and eventually NIDDM [44]. Severe-
ly compromised beta-cell function (beta-cell ‘ex-
haustion’) is thought to represent the culmination of
the effects of a genetic defect or other insult such as
“glucose toxicity” or accumulated amylin deposits
[63]. Hales and Barker [64] have proposed that the
tendency to compromised insulin secretion is espe-
cially evident in individuals exposed in utero and in
early life to sub-optimal nutrition.

Conclusion

Changes in the quantity and quality of carbohydrate
are clearly evident across time and space and present
a plausible explanation for differences in the predis-
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position to NIDDM. The high-protein, low-carbohy-
drate diet was the nutritional backdrop for the last
two million years of human evolution. It would be
surprising therefore if our genotype did not change
in important ways to accommodate this diet. Finally,
we are not the first to suggest that an insulin-resis-
tant genotype would have offered a survival advan-
tage to specific populations consuming a low-carbo-
hydrate, high-protein diet. O’Dea [14] and Wendorf
and Goldfine [21] made similar observations for the
Australian Aborigines and the Plains Indians of
North America, respectively. Our hypothesis differs
from theirs in that it recognises that most human
groups were exposed to a high-protein, low-carbohy-
drate diet up until the end of the last Ice Age. Only
our hypothesis explains the observation that insulin
resistance is widespread in all human groups other
than those of European descent.
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