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The paradoxical nature of hunter-gatherer diets:
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L Cordain1*, SB Eaton2, J Brand Miller3, N Mann4 and K Hill5
1

Department of Health and Exercise Science, Colorado State University, Fort Collins, Colorado, USA; 2Departments of Radiology
and Anthropology, Emory University, Atlanta, Georgia, USA; 3Human Nutrition Unit, Department of Biochemistry, University of
Sydney, Sydney, New South Wales, Australia; 4Department of Food Science, RMIT University, Melbourne, Victoria, Australia; and
5
Department of Anthropology, University of New Mexico, Albuquerque, New Mexico, USA
Objective: Field studies of twentieth century hunter-gathers (HG) showed them to be generally free of the signs and symptoms
of cardiovascular disease (CVD). Consequently, the characterization of HG diets may have important implications in designing
therapeutic diets that reduce the risk for CVD in Westernized societies. Based upon limited ethnographic data (n ¼ 58 HG
societies) and a single quantitative dietary study, it has been commonly inferred that gathered plant foods provided the
dominant energy source in HG diets.
Method and Results: In this review we have analyzed the 13 known quantitative dietary studies of HG and demonstrate that
animal food actually provided the dominant (65%) energy source, while gathered plant foods comprised the remainder (35%).
This data is consistent with a more recent, comprehensive review of the entire ethnographic data (n ¼ 229 HG societies) that
showed the mean subsistence dependence upon gathered plant foods was 32%, whereas it was 68% for animal foods. Other
evidence, including isotopic analyses of Paleolithic hominid collagen tissue, reductions in hominid gut size, low activity levels of
certain enzymes, and optimal foraging data all point toward a long history of meat-based diets in our species. Because increasing
meat consumption in Western diets is frequently associated with increased risk for CVD mortality, it is seemingly paradoxical that
HG societies, who consume the majority of their energy from animal food, have been shown to be relatively free of the signs and
symptoms of CVD.
Conclusion: The high reliance upon animal-based foods would not have necessarily elicited unfavorable blood lipid profiles
because of the hypolipidemic effects of high dietary protein (19 – 35% energy) and the relatively low level of dietary
carbohydrate (22 – 40% energy). Although fat intake (28 – 58% energy) would have been similar to or higher than that
found in Western diets, it is likely that important qualitative differences in fat intake, including relatively high levels of MUFA and
PUFA and a lower o-6=o-3 fatty acid ratio, would have served to inhibit the development of CVD. Other dietary characteristics
including high intakes of antioxidants, fiber, vitamins and phytochemicals along with a low salt intake may have operated
synergistically with lifestyle characteristics (more exercise, less stress and no smoking) to further deter the development of CVD.
European Journal of Clinical Nutrition (2002) 56, Suppl 1, S42 – S52. DOI: 10.1038=sj=ejcn=1601353
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Introduction
In the past decade there has been increasing awareness in the
medical and nutritional communities that insight can be
gained into potentially therapeutic and healthful diets by
examining the nutritional patterns of less Westernized cul-
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tures. Field studies carried out in the early and mid-twentieth
century of the few remaining hunter-gatherer societies
showed them to be generally free of the signs and symptoms
of cardiovascular disease (CVD), and other so-called diseases
of civilization (Eaton et al, 1988a). Although the nutritional
patterns of contemporary hunter-gatherers probably would
not have been identical to hominids living during the
Paleolithic period, these diets represent a likely surrogate of
the range and quantity of wild=minimally processed foods
that would have embodied humanity’s original or native
diet. Consequently, the characterization and description of
hunter-gatherer diets may have important implications in
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designing therapeutic diets that reduce the risk for CVD in
modern, Western cultures.
Ethnographic and anthropological studies of hunter-gatherers carried out in the nineteenth and twentieth centuries
clearly revealed that no single, uniform diet would have
typified the nutritional patterns of all pre-agricultural
human populations. However, based upon a single quantitative dietary study of hunter-gatherers in Africa (Lee, 1968)
and a compilation of limited ethnographic studies of huntergatherers (Lee, 1968), many anthropologists and others
inferred that, with few exceptions, a near-universal pattern
of subsistence prevailed in which gathered plant foods would
have formed the majority ( > 50%) of food energy consumed
(Beckerman, 2000; Dahlberg, 1981; Eaton & Konner, 1985;
Lee, 1968; Milton, 2000; Nestle, 1999; Zihlman, 1981). More
recent, comprehensive ethnographic compilations of
hunter-gatherer diets (Cordain et al, 2000a), as well as quantitative dietary analyses in multiple foraging populations
(Kaplan et al, 2000; Leonard et al, 1994), have been unable
to confirm the inferences of these earlier studies, and in fact
have demonstrated that animal foods actually comprised the
majority of energy in the typical hunter-gatherer diet.
In Western diets, increasing meat consumption (particularly red and processed meat) has been frequently shown in

epidemiologic studies to be positively correlated with CVD
mortality (Hu et al, 1999, 2000; Menotti et al, 1999). Additionally, meats contribute the highest percentage (27%) of
total fat for all food groups to the US diet as well as the
highest percentage (28%) of saturated fat (Popkin et al,
2001). Hence, a high meat diet regardless of its fat quantity
and type is generally perceived to be unhealthy and to
promote cardiovascular and other chronic diseases (Barnard
et al, 1995). In this paper, we provide further evidence
substantiating the dominant role of animal foods in
hunter-gatherer diets and show how these nutritional patterns do not necessarily promote atherosclerosis and CVD.

Historical and ethnographic perspectives on
Pre-agricultural diets
Early theories on the natural or native human diet viewed
Paleolithic hominids as adept hunters of big game whose
diets were primarily carnivorous in nature (Ardrey, 1961;
Dart, 1957; Washburn & Lancaster, 1968). However by the
late 1960s and early 1970s, this ‘Man the Hunter’ explanation was soundly contested by Richard Lee and others
because of certain evidence that suggested most contemporary hunter-gatherer populations consumed more gathered

Figure 1 Frequency distributions of subsistence dependence of: (a) gathered plant foods (median ¼ 26 – 35%, mode ¼ 26 – 35%); (b) hunted animal
foods (median ¼ 26 – 35%, mode ¼ 26 – 35%); (c) fished animal foods (median ¼ 26 – 35%, mode ¼ 46 – 55%); and (d) fished þ hunted animal foods
(median ¼ 66 – 75%, mode ¼ 86 – 100%) in worldwide hunter-gatherer societies (n ¼ 229).
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plant food than hunted animal food (Lee, 1968). Lee’s
studies of the African !Kung people demonstrated that gathered plant foods comprised 67% of their average daily
sustenance while hunted animal foods encompassed the
remaining 33% (Lee, 1968). Lee (1968) further compiled
data from 58 hunter-gatherer societies listed in the Ethnographic Atlas (Murdock, 1967) and showed that the mean,
median and mode for hunted animal food, ‘all converge on a
figure of 35% for hunter gatherers at all latitudes’.
Lee’s (1968) analysis was widely misinterpreted over the
next 32 y to mean that gathered plant foods typically provided the major food energy (65%) in worldwide huntergatherer diets, while hunted animal foods made up the
balance (35%; Beckerman, 2000; Dahlberg, 1981; Eaton &
Konner, 1985; Milton, 2000; Nestle, 1999; Zihlman, 1981).
As we have previously pointed out (Cordain et al, 2000a, b),
this general perception is incorrect because fished animal
foods must be summed with hunted animal foods in the
analysis of the ethnographic data to more correctly evaluate
dietary plant to animal subsistence ratios (ie the percentage
of energy contributed by plants vs animal foods). Our analysis (Figure 1) of the Ethnographic Atlas data (Gray, 1999)
showed that the dominant foods in the majority of huntergatherer diets were derived from animal food sources. Most
(73%) of the world’s hunter-gatherers obtained > 50% of
their subsistence from hunted and fished animal foods,
whereas only 14% of worldwide hunter-gatherers obtained
> 50% of their subsistence from gathered plant foods. For all
229 hunter-gatherer societies, the median subsistence dependence upon animal foods was 66 – 75%. In contrast, the
median subsistence dependence upon gathered plant foods
was 26 – 35%. Further, we re-analyzed Lee’s original subsample (n ¼ 58) of the Ethnographic Atlas and obtained results
almost identical to those of our study of the entire 229
hunter-gatherer societies (Cordain et al, 2000b). The subsistence dependence upon hunted and fished animal foods was
66 – 75% (median value), whereas the median value for
gathered plant foods was 26 – 35%.

Table 1
(2000)

Quantitative studies of hunter-gatherer diets
The major limitation of ethnographic data is that the preponderance of it is subjective in nature, and Murdock’s
assigned scores for the five basic subsistence economies in
the Ethnographic Atlas are not precise, but rather are approximations (Hayden, 1981; Keeley, 1992). Fortunately, more
exact, quantitative dietary studies were carried out on a small
percentage of the world’s hunter-gatherer societies. Table 1
lists these studies and shows the plant to animal subsistence
ratios by energy. The average score for animal food subsistence is 65%, while that for plant food subsistence is 35%.
These values are similar to our analysis of the entire (n ¼ 229)
sample of hunter-gatherer societies listed in the Ethnographic
Atlas in which the mean score for animal food subsistence
was 68% and that for plant food was 32%. When the two
polar hunter-gatherer populations, who have no choice but
to eat animal food because of the inaccessibility of plant
foods, are excluded from Table 1, the mean score for animal
subsistence is 59% and that for plant food subsistence is
41%. These animal to plant subsistence values fall within the
same respective class intervals (56 – 65% for animal food;
36 – 45% for plant food) as those we estimated from the
ethnographic data when the confounding influence of latitude was eliminated (Cordain et al, 2000a). Consequently,
there is remarkably close agreement between the
quantitative data in Table 1 and the ethnographic data.

Isotopic, anatomic and physiologic evidence for
meat eating
Recent isotopic evidence from the skeletons of Neanderthals
(Richards et al, 2000) and Paleolithic humans (Richards &
Hedges 2000) suggests that the dominance of animal foods
in the human diet was not simply a recent phenomenon
limited to contemporary hunter-gatherers, but rather has a
long history in the human lineage. These studies provide
objective data showing that the diets of hominids living in
Europe during the Paleolithic were indistinguishable from

Quantitatively determined proportions of plant and animal food in hunter-gatherer diets. Adapted from Kaplan et al

Population

Location

Aborigines (Arhem Land) Australia
Ache
Paraguay
Anbarra
Australia
Efe
Africa
Eskimo
Greenland
Gwi
Africa
Hadza
Africa
Hiwi
Venezuela
!Kung
Africa
!Kung
Africa
Nukak
Columbia
Nunamiut
Alaska
Onge
Andaman Islands
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Latitude Animal food (%) Plant food (%) Reference
12S
25S
12S
2N
69N
23S
3S
6N
20S
20S
2N
68N
12N

77
78
75
44
96
26
48
75
33
68
41
99
79

23
22
25
56
4
74
52
25
67
32
59
1
21

McArthur (1960)
Hill et al (1984)
Meehan (1982)
Dietz et al (1982)
Sinclair (1953); Krogh & Krogh (1913)
Silberbauer (1981); Tanaka (1980)
Blurton Jones et al (1997); Hawkes et al (1989)
Hurtado & Hill (1986); Hurtado & Hill (1990)
Lee (1968)
Yellen (1977)
Politis G (1996)
Binford (1978)
Rao et al (1989); Bose (1964)
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top trophic level carnivores such as arctic foxes and wolves.
Indeed, hominids may have experienced a number of
genetic adaptations to animal-based diets early on in our
genus’s evolution analogous to those of obligate carnivores
such as felines. Carnivorous diets reduce evolutionary selective pressures that act to maintain certain anatomical and
physiological characteristics needed to process and metabolize high amounts of plant foods. In this regard, hominids,
like felines, have experienced a reduction in gut size and
metabolic activity along with a concurrent expansion of
brain size and metabolic activity as they included more
and more energy-dense animal food into their diets (Aiello
& Wheeler, 1995; Cordain et al, 2001; Leonard & Robertson,
1994). Further, similar to obligate carnivores (Pawlosky et al,
1994), humans maintain an inefficient ability to chain
elongate and desaturate 18 carbon fatty acids to their product 20 and 22 carbon fatty acids (Emken et al, 1992). Since
20 and 22 carbon fatty acids are essential cellular lipids, then
evolutionary reductions in desaturase and elongase activity
indicate that preformed dietary 20 and 22 carbon fatty acids
(found only in animal foods) were increasingly incorporated
in lieu of their endogenously synthesized counterparts
derived from 18 carbon plant fatty acids. Finally, our species
has a limited ability to synthesize taurine from precursor
amino acids (Chesney et al, 1998; Sturman et al, 1975), and
vegetarian diets in humans result in lowered plasma and
urinary concentrations of taurine (Laidlaw et al, 1988). Like
felines (Knopf et al, 1978; MacDonald et al, 1984), the need
to endogenously synthesize taurine may have been evolutionarily reduced in humans because exogenous dietary
sources of preformed taurine (found only in animal food),
had relaxed the selective pressure formerly requiring the
need to synthesize this semi-conditional amino acid.

Hunter-gatherer foraging strategies
Our analyses of both the ethnographic data (Cordain et al,
2000a) and the quantitative dietary data (Table 1) show that,
even when plant food sources would have been available
year round at lower latitudes, animal foods would have been
the preferred energy source for the majority of worldwide
hunter-gatherers. Only when it was ecologically difficult to
procure animal food sources, and=or when energy-rich and
easily obtainable plant foods such as the mongongo nut (in
the case of the !Kung people studied by Lee, 1968) were
available, did plant foods prevail in hunter-gatherer diets.
Accordingly, the tissues of wild animals would have almost
always represented the staple food for the world’s contemporary hunter-gatherers.
Foraging humans are similar to other animals in natural
settings in that they attempt to maximize the energy capture
to energy expenditure ratio while hunting, fishing or collecting food (Hawkes et al, 1982; Kaplan & Hill, 1992; Winterhalder, 1981). Table 2 shows the energy return rates upon
encounter for a variety of plant and animal foods that are
known components of hunter-gatherer diets. The data in

Table 2 Energy return rates upon encounter from foraged foods. Data
adapted from (Hawkes et al, 1982; Lee, 1979; O’Connell & Hawkes,
1984; Simms, 1987)
Food
Collared peccary
Antelope, deer, bighorn sheep
Jack rabbits
Cottontail rabbits, gophers
Paca
Coati
Squirrel (large)
Roots
Fruits
Armadillo
Snake
Bird
Seeds
Lizard (large)
Squirrel (small)
Honey
Ducks
Insect larvae
Fish
Palm heart
Acorns
Pine nuts
Mongongo nuts
Grass seeds

Food type

Return rate (kcal=h)

Animal
Animal
Animal
Animal
Animal
Animal
Animal
Plant
Plant
Animal
Animal
Animal
Plant
Animal
Animal
Plant
Animal
Animal
Animal
Plant
Plant
Plant
Plant
Plant

65 000
16 000 – 32 000
13 500 – 15 400
9000 – 10 800
7000
7000
5400 – 6300
1200 – 6300
900 – 6000
5900
5900
4800
500 – 4300
4200
2800 – 3600
3300
2000 – 2700
1500 – 2400
2100
1500
1500
800 – 1400 þ
1300
100 – 1300

Table 2 are not all encompassing, however they do demonstrate that animal foods yield the highest energy return rates,
and that larger animals generally produce greater energy
return rates than smaller animals. Although the potential
food mass would be similar between a single deer weighing
44.8 kg and 1600 mice weighing 28 g each, foraging humans
would have to expend significantly more energy capturing
the 1600 mice than a single deer. Hence, the killing of larger
animals increases the energy capture=energy expenditure
ratio because it reduces energy expenditure, but it also
increases the total energy captured on a per weight basis
because larger animal species generally contain more body
fat than smaller species (Figure 2).

Figure 2 Regression of log body fat percentage to log body weight (g)
in 49 mammalian species. Adapted from Pitts and Bullard (1968).
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Due to the relative constancy of the protein content of an
animal’s fat-free body (Pace & Rathbun, 1945; Pitts & Bullard, 1968), the energy density of an edible carcass is almost
entirely dependent upon varying amounts of body fat. In a
likewise manner, varying amounts of body fat also exclusively determine the relative protein to fat energy ratio in an
edible carcass (Cordain et al, 2000a). Because smaller animal
species have less body fat than larger species, their carcasses
contain relatively more protein as a percentage of their
available food energy (Figure 3). The nature of this relationship is virtually identical among all vertebrates (Cordain
et al, 2000a) and is exemplified by the cubic polynomial
equation in Figure 4. Hunter-gatherers tended to shun very
small animals or fat-depleted animals because of their excessive protein content (Noli & Avery, 1988; Speth & Spielmann, 1983; Speth, 1989), and numerous historical and
ethnographic accounts have documented the adverse
health effects that have occurred when people were forced
to rely solely upon the fat depleted lean meat of wild animals
(Speth & Spielmann, 1983). Excessive lean protein consumption without adequate fat or carbohydrate causes a condition
referred to as ‘rabbit starvation’ by early American explorers
that results in nausea, diarrhea and eventual death (Speth &
Spielmann, 1983). Clinically, this syndrome probably results
from the finite ability of the liver to up-regulate the ratelimiting enzymes of urea synthesis, thereby culminating in
hyperammonemia and hyperaminoacidemia (Rudman et al,
1973). For a foraging human, the avoidance of the physiologic effects of excessive dietary protein was an important
factor in shaping their subsistence strategies (Noli & Avery,
1988; Speth & Spielmann, 1983; Speth, 1989). Lean meat
therefore could not be eaten in unlimited quantities, but
rather had to be accompanied by sufficient fat or by carbohydrate from plant food sources.

Figure 3 Protein to fat ratios by energy with increasing body fat by
weight in four mammalian species: squirrel (Citellus undulates), beaver
(Castor canadensis), mule deer (Odocoileus hemionus) and musk ox
(Ovibos moschatus).
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Diet and cardiovascular disease in hunter-gatherers
Dietary fat
Our previous analysis (Cordain et al, 2000a) showed that the
dietary fat intake of 97% (n ¼ 221) of the world’s huntergatherer societies would have exceeded recommended
guidelines (  30% fat). For the majority (53% n ¼ 122)
of the world’s foraging cultures the dietary fat intake
would lie between 36 and 43% of total energy (Cordain et al,
2000a), values not dissimilar from current Western intakes
(McDowell et al, 1994). Despite this dietary characteristic,
the available evidence suggests that hunter-gatherers were
generally free of the signs and symptoms of CVD.
Over the past 64 y, anthropological research has consistently demonstrated relatively low serum cholesterol and
triacylglycerol levels among indigenous populations that
derive the majority of their diet from animal products
(Bang & Dyerberg, 1980; Biss et al, 1971; Corcoran & Rabinowitch, 1937; Day et al, 1976; Eaton et al, 1988a; Leonard
et al, 1994; Scott et al, 1958; Shaper et al, 1961; Wilber &
Levine, 1950). Further, a low incidence of coronary heart
disease among the Inuit and other indigenous populations of
the circumpolar regions has been recognized for at least 30 y
from autopsy studies (Arthaud, 1970; Gottman, 1960; Lederman et al, 1962), analyses of death certificates (Bjerregaard &
Dyerberg, 1988; Middaugh, 1990; Young et al, 1993) and
clinical data (Bang & Dyerberg 1980; Kromann & Green,
1950). However with acculturation, the diets of these peoples are becoming increasingly Westernized (Draper 1977;
Nobmann et al, 1992), and the incidence of CVD and its
symptoms may now equal or exceed that found in Western
populations (Young et al, 1995). Because in Western diets
higher animal food consumption is frequently associated
with increased mortality from CVD and other cardiovascular
maladies (Barnard et al, 1995), it is somewhat paradoxical
that in partially and recently acculturated hunter-gatherers,
who consume the majority of their energy from animalbased food, there is a substantially lower mortality rate
from CVD than in Western societies (Arthaud, 1970; Bang
& Dyerberg, 1980; Bjerregaard & Dyerberg, 1988; Gottman
1960; Kroman & Green, 1980; Lederman et al, 1962; Middaugh, 1990; Young et al, 1993).
The low incidence of hyperlipidemia and CVD among
populations subsisting largely on animal foods is likely to be
attributable to a variety of factors. There is now substantial
evidence to indicate that the absolute amount of dietary fat
is less important in lowering blood lipid levels and reducing
the risk for CVD than is the relative concentrations of
specific dietary fatty acids (Connor & Connor, 1997; Gardner
& Kraemer, 1995; Oliver, 1997; Nelson et al, 1995). Low (22%
energy) and high (39% energy) fat diets which had identical
polyunsaturated=saturated, o-3=o-6 and monounsaturated=total fat fatty acid ratios produced no significant differences in total or LDL cholesterol following a 50 day trial
(Nelson et al, 1995). Hypercholesterolemic fatty acids
include 12:0, 14:0, 16:0 and trans-9 18:1 (Grundy, 1997),
whereas monounsaturated (MUFA; Gardner & Kraemer,
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1995; Yu et al, 1995) and polyunsaturated (PUFA, Grundy,
1997) fatty acids are hypocholesterolemic, and 18:0 is neutral (Yu et al, 1995). Omega 3 PUFA have wide-ranging
cardiovascular protective capacities including lowering of
plasma VLDL cholesterol and triacylglycerol (TG) concentrations (Connor & Connor, 1997). Consequently, it is entirely
possible to consume relatively high-fat diets that do not
necessarily produce a plasma lipid profile that promotes
CVD (Garg et al, 1988; Nelson et al, 1995) given sufficient
MUFA, PUFA (Gardner & Kraemer, 1995; Mensink & Katan,
1992) and an appropriate o-6=o-3 PUFA ratio (Connor &
Connor, 1997) relative to the hypercholesterolemic fatty
acids.
In their classic study of Greenland Eskimos who had a
near absence of CVD, Bang and Dyerberg (1980) contrasted
the dietary and blood lipid profiles of the Eskimos to Danes
(Table 3). Despite a much greater animal food intake than
the Danes, the Eskimos maintained a more healthful blood
lipid profile (lower LDL, VLDL and total cholesterol concentrations, lower TG concentrations and higher HDL concentrations). Although Bang and Dyerberg (1980) largely
attributed the relative freedom from CVD of these people
to the increased dietary intake of o-3 PUFA, Table 3 indicates
that other factors may be involved as well. The reduced total
and LDL cholesterol levels in the Eskimos are likely to be
accounted for by the higher dietary MUFA and PUFA and
lower saturated fat intake. Reductions in plasma VLDL and
TG of the Eskimos certainly could have resulted from an
increased o-3 PUFA intake, but also may in part be due to a
relatively lower intake of carbohydrates. Isocaloric replacement of fat with carbohydrate often results in relative
increases in plasma VLDL and TG concentrations with concomitant lowering of plasma HDL concentrations (Grundy,
1986; Jeppesen et al, 1997). Therefore, the relatively higher
plasma HDL concentrations in the Eskimos may have
resulted from a reduced carbohydrate intake or higher o-3
PUFA intake, since total fat intakes were similar to the Danes.
It should also be noted that the protein intake of the Eskimos
was more than twice as high as the Danes, and this pattern
(elevated protein at the expense of carbohydrate) is characTable 3 Dietary and blood lipid characteristics of Greenland Eskimos,
adapted from Bang and Dyerberg (1980)
Variable
Dietary intake
Protein (percentage energy)
Fat (percentage energy)
Carbohydrate (percentage energy)
Saturated fat (percentage total fat)
Monounsaturated fat (percentage total fat)
Polyunsaturated fat (percentage total fat)
n-6 PUFA (g)
n-3 PUFA (g)
Blood lipid values
Total cholesterol (mmol=l)
Triglycerides (mmol=l)

Eskimos

Danes

26.0
37.0
37.0
22.8
57.3
19.2
5.4
13.7

11.0
42.0
47.0
52.7
34.6
12.7
10.0
2.8

5.33  0.78
0.61  0.44

6.24  1.00
1.32  0.53

teristic of worldwide hunter-gatherers (Cordain et al, 2000a).
Although rarely considered in terms of dietary management
of hyperlipidemia, protein when isocalorically replaced for
carbohydrate has been shown to improve blood lipid profiles
by reducing LDL, VLDL and total cholesterol and TG while
simultaneously increasing HDL cholesterol (Wolfe & Giovannetti, 1991; Wolfe & Giovannetti, 1992; Wolfe & Piche,
1999). From the Bang and Dyerberg (1980) observation, it
can be demonstrated that high animal food diets do not
necessarily promote dyslipidemia, particularly when the
protein content of the diet is relatively high, the carbohydrate content relatively low and when the fatty acid
composition is appropriately balanced (Table 3).

Dietary protein
Our previous data (Cordain et al, 2000a) indicates that the
projected range (19 – 35% energy) of dietary protein for
worldwide hunter-gatherers would considerably exceed the
average values (15.5% energy) found in Western diets
(McDowell et al, 1994). Although high levels of protein in
Western diets are known to cause hypercalciuria (Lutz, 1984)
and can increase the rate of progression in renal dysfunction
(Anonymous, 1996), there is an increasing body of evidence
that suggests high protein diets may improve blood lipid
profiles (O’Dea, 1984; O’Dea et al, 1989; Wolfe & Giovannetti, 1991, 1992; Wolfe & Piche, 1999) and thereby lessen
the risk for CVD. Further, high protein diets have been
shown to improve metabolic control in type 2 diabetes
patients (O’Dea, 1984; O’Dea et al, 1989). Wolfe and colleagues have shown that the isocaloric substitution of protein
(23% energy) for carbohydrate in moderately hypercholesterolemic subjects resulted in significant decreases in total,
LDL and VLDL cholesterol, and TG while HDL cholesterol
increased (Wolf & Giovannetti, 1991). Similar blood lipid
changes have been observed in type 2 diabetic patients in
conjunction with improvements in glucose and insulin
metabolism (O’Dea, 1984; O’Dea et al, 1989).
In her study of Australian Aborigines temporarily reverting to a hunter-gatherer lifestyle, O’Dea showed that animal
foods contributed 64% of the total energy producing an
overall macro-nutrient distribution of 54% protein, 33%
carbohydrate and 13% fat energy (Naughton et al, 1986).
Following a 7 week period living as hunter-gatherers in their
traditional country in north-western Australia, these 10
diabetic, overweight Aborigines experienced either a great
improvement or complete normalization of all of the major
metabolic abnormalities of type 2 diabetes (O’Dea, 1984).
Because the energy intake was low (1200 kcal) during the
treatment period, the estimated daily protein intake
(154.3 g=day) would have fallen well within the limits established by the mean maximal hepatic urea synthesis rates
(Cordain et al, 2000a; Rudman et al, 1973). It is possible that
the improvement in type 2 diabetic symptoms could in part
be attributed to reduced caloric intake, however studies in
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which energy levels were controlled still yielded similar
results (O’Dea et al, 1989; Wolfe & Giovannetti, 1991).
Because the calciuretic effect of increases in protein intake
with controlled levels of calcium and phosphorous is well
established (Linkswiler et al, 1981; Lutz, 1984), high-protein
diets may have the potential to increase the risk of osteoporosis and bone demineralization, however this effect
cannot always be demonstrated in epidemiological surveys
(Munger et al, 1999). Although hunter-gatherer diets would
have been devoid of dairy products and quite high in animal
protein, the fossil record indicates pre-agricultural humans
generally maintained greater cortical bone cross-sectional
areas than modern humans and hence greater bone robusticity and resistance to fractures (Bridges, 1995; Ruff et al,
1993). This greater bone robusticity has been attributed to
the greater activity patterns of pre-agricultural humans,
which in turn would have increased bone loading (Bridges,
1995). It is also quite likely that the high fruit and vegetable
consumption in hunter-gatherer diets (Cordain et al, 2000a)
would have buffered the high acid, and hence calciuretic
load brought about by a high protein diet. Previous studies
have demonstrated that ingestion of an alkalinizing agent
prevented the calciuria which normally accompanies high
protein diets (Lutz, 1984) and that when base is administered
at a dose sufficient to neutralize endogenous acid production, calcium balance is improved, bone resorption is
reduced, and bone formation is increased (Sebastian et al,
1994). In Western diets meats, cheeses and cereal grains yield
high potential renal acid loads (Remer & Manz, 1995) and
hence may promote osteoporosis by producing a net metabolic acidosis (Barzel, 1995). In contrast, fruit and vegetables
yield a net alkaline renal load (Remer & Manz, 1995), and
high fruit and vegetable diets have been shown to improve
urinary calcium excretion rates (Appel et al, 1997). Consequently, in hunter-gatherer populations consuming high
protein diets, a concomitant consumption of high levels of
fruit and vegetables may have countered the calciuretic
effects of a high-protein diet.

Dietary carbohydrate
Our previous study demonstrated that the carbohydrate
content of worldwide hunter-gatherer diets would have
ranged from 22 to 40% of total energy, given an assumed
macro-nutrient distribution in plant food of 62% carbohydrate, 24% fat and 14% protein (Cordain et al, 2000a).
The values within this range (22 – 40%) are considerably
lower than average values (49% energy) in Western diets
(McDowell et al, 1994), or recommended (55 – 60% or more
of total energy) healthful values (Krauss et al, 1996).
Although current advice to reduce risk of CVD is, in general,
to replace saturated fats with carbohydrate (Krauss et al,
1996), there is mounting evidence to indicated that low-fat,
high-carbohydrate diets may elicit undesirable blood lipid
changes, including reductions in HDL cholesterol and apolipoprotein A-1, while concurrently elevating TG, VLDL
European Journal of Clinical Nutrition

cholesterol and small dense LDL cholesterol (Denke & Breslow, 1988; Dreon et al, 1995; Jeppesen et al, 1997; Mensink
& Katan, 1992). Because of these untoward blood lipid
changes, substitution of MUFA for saturated fats has been
suggested as a more effective strategy than substitution of
carbohydrate for saturated fats in order to lower total and
LDL serum cholesterol concentrations without adversely
influencing HDL, VLDL, TG and apoprotein A-1 (Grundy,
1986; Mensink & Katan, 1987; Wahrburg et al, 1992). While
we did not specifically analyze the projected MUFA intake in
hunter-gatherer populations, our data demonstrate that elevated dietary protein at the expense of carbohydrate would
be the macro-nutrient pattern that is most characteristic of
hunter-gatherer diets when contrasted to Western diets
(Cordain et al, 2000a).
Hunter-gatherer diets would not only have contained less
total carbohydrate than that typically found in Western
diets, but there are important qualitative differences in the
types of carbohydrates which may have important health
implications. Western diets are characterized by carbohydrate foods with relatively high glycemic indices (eg potatoes, bread, cereal products) whereas the wild plant foods
which would have been consumed by hunter-gatherers generally maintain a high fiber content, are slowly digested and
produce low glycemic and insulin responses (Thorburn et al,
1987a, b). Observational studies suggest that foods with a
high glycemic load and low fiber content increase the risk of
type 2 diabetes (Salmeron et al, 1997a, b) and CVD (Liu et al,
2000; 2001).

Other environmental factors
In addition to the macro-nutrient characteristics of huntergatherer diets that have the potential to positively influence
the development and progression of CVD, it is quite likely
that relatively high intakes of antioxidants (Eaton & Konner,
1985, Eaton et al, 1988b) and phytochemicals (Eaton &
Eaton, 2000) as well as more intense exercise=work patterns
(Cordain et al, 1998) provided pre-agricultural people further
protection from CVD. Nutritional studies of hunter-gatherers have shown them to maintain high plasma concentrations of folate and vitamin B12 (Metz et al, 1971). Adequate
intake of these two vitamins along with vitamin B6 reduces
plasma homocysteine concentrations, an independent risk
factor for CVD (Gerhard & Duell, 1999; Mann et al, 1999).
Hunter-gatherers rarely if ever added salt to their foods, and
studies of salt-free Yanomamo Indians have shown these
indigenous people to maintain low blood pressures that do
not increase with aging (Oliver et al, 1975). Finally, except for
certain American Indian societies (starting about 5000 y
ago), regular smoking of tobacco was unknown in huntergatherers (Eaton et al, 1988b). Any or all of these dietary and
environmental elements probably would have operated
together with the macronutrient characteristics of huntergather diets to reduce signs and symptoms of CVD that are
commonplace in Western societies.
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Conclusions
The high reliance upon animal-based foods would not have
necessarily elicited unfavorable blood lipid profiles because
of the hypolipidemic effects of high dietary protein (19 –
35% energy) and the relatively low level of dietary carbohydrate (22 – 40% energy). Although fat intake (28 – 58%
energy) would have been similar to or higher than that
found in Western diets, it is likely that important qualitative
differences in fat intake, including relatively high levels of
MUFA and PUFA and a lower o-6=o-3 fatty acid ratio, would
have served to inhibit the development of CVD. Other dietary characteristics including high intakes of antioxidants,
fiber, vitamins and phytochemicals along with a low salt
intake may have operated synergistically with lifestyle characteristics (more exercise, less stress and no smoking) to
further deter the development of CVD.
Although high-carbohydrate, low-fat diets are almost universally recommended for the treatment of hyperlipidemia
and prevention of CVD, these diets often adversely influence
certain components of the blood lipid profile, including
HDL, VLDL cholesterol, TG, small dense LDL cholesterol
and apoprotein A-1. One of the present strategies for overcoming these untoward effects of low-fat, high-carbohydrate
diets is to replace carbohydrate with MUFA, while keeping
saturated fat levels low. An alternative strategy, which has
recently been clinically demonstrated and which positively
influences HDL, VLDL cholesterol and TG, is the replacement of carbohydrate with protein. This dietary approach to
reducing dyslipidemia and preventing CVD is consistent
with the dietary macro-nutrient patterns found in the
native diet of virtually all hunter-gatherer societies —
societies which are relatively free of CVD and its symptoms.
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