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• This discordance fosters the chronic degenera t ive
The proposal that Late Paleo lith ic (50,000–10,000 BP ) diseases tha t cause most morbidity and mor ta lity in

ance stra l experience migh t serve as a mode l for pre - contemporary affluent na t ions.
ven tion re search and even , if ju stified by experiment, • A logica l model for prevent ion research (and, poten-
as a paradigm for health promotion recommendations t ia lly, for hea lth recommendat ions) is an amalgamat ion
is sometimes discounted, be fore critica l asse ssment, of the lifestyles preva iling among ear ly, behaviora lly
because of re servations based on unjustified precon - modern humans, before agr icu lture accelera ted ge-
ceptions . Most often such biase s involve comparative net ic-cu ltura l evolu t ionary divergence.li fe expectancy, poten tia l gene tic change s ince agricu l-
ture , the he terogene ity of ance stra l environments , and/ On init ia l considera t ion , these premises commonly
or innate human adaptability. Th is paper examines evoke one or more of severa l seemingly va lid reserva-
the se topics and attempts to show that none of them t ions concern ing compara t ive life expectancy, poten t ia l
ju stifie s a priori d ismissa l of the evolu tionary genet ic change since agr icu lture, the heterogeneity ofapproach to preven tive medic ine . Evolu tionary health ancest ra l environments, and/or human adaptability.promotion may u ltimate ly be invalidated because of its Such stumbling blocks somet imes in ter fere with objec-fa ls ification by experiment or because another theory t ive assessment of evolu t ionary hea lth promot ion’saccords be tte r w ith known facts , bu t the se commonly

st rengths and weaknesses, so it seems reasonable tohe ld pre judice s shou ld not fore sta ll its thoughtfu l con -
address these issues in some deta il.s ideration and inve stigative evaluation . ! 2001 American

Health Foundation and Elsevie r Sc ience (USA)
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medic ine . The most in tu it ive, most frequent ly expressed cr it i-

cisms of the evolu t ionary hypothesis involve compara-
t ive life expectancy. In the fir st place, if Pa leolith ic diet ,INTRODUCTION
physica l act ivity, reproduct ive exper ience, and so for th ,

Evolu t ionary hea lth promot ion is based on three were rea lly hea lth ier than they are in contemporary
proposit ions: a ffluent na t ions, why do people now live so much

longer? And second, chronic degenera t ive diseases are• Since the appearance of behaviora lly modern hu-
age-rela ted, so longer-lived popula t ions would be ex-mans perhaps 50,000 years ago and par t icu la r ly since
pected to manifest more such disease; Stone Agers justthe Neolith ic Revolu t ion of 10,000 years ago, cu ltura l
didn’t live long enough for these condit ions to becomeevolu t ion has proceeded more rapidly than has genet ic
clin ica lly evident .evolu t ion , thereby producing ever-grea ter dissocia t ion

between the way we actua lly live and the lifestyle for
which our genome was or igina lly selected. 2 Although technica lly imprecise, th is a r t icle uses “life expectancy,”

“longevity,” and simila r expressions in terchangeably to indica te the
probable average number of years of life expected, a t bir th , for mem-1 To whom correspondence and repr in t request s should be ad-

dressed. Fax: (404) 352-2529. E-mail: sboydea ton@mindspr ing.com. bers of the ent ire popula t ion under considera t ion .

119 0091-7435/01 $35.00
! 2001 Amer ican Health Foundat ion and Elsevier Science (USA)

All r igh ts reserved.



120 EATON, CORDAIN, AND LINDEBERG

Lifestyle and Longevity from foraging and other technologica lly pr imit ive cul-
tures appear a lmost completely free from manifesta -

Hea lthy lifestyle choices can improve an individua l’s t ions of most chronic degenera t ive diseases [8,9] (osteo-
weight , body composit ion , st rength , and endurance. a r thr it is is an except ion). Together, these observa t ions
They can minimize r isk of st roke, hear t a t tack, diabe- st rongly suggest tha t it is cur ren t Western lifestyle
tes, and cancer. What they cannot achieve is major im- ra ther than age a lone tha t promotes those “afflict ions
pact on a popula t ion’s average life expectancy. Com- of affluence,” the prevent ion of which is a major goa l
pletely elimina t ing the major known r isk factors for of contemporary hea lth promot ion effor t s.
n ine leading chronic diseases3 would increase life expec-
tancy a t bir th by only 4 years [1]. While desirable, a 4- Why Do We Live Longer Now?
year ga in pa les when compared to the near 60-year Life expectancy est imates for recent ly studied foragerincrease tha t has occur red in Western na t ions over the popula t ions converge on a figure of about 40 yearspast th ree centur ies [2]. [6,7,10,11], and it seems reasonable to ext rapola te aThe reason tha t reducing chronic disease frequency simila r va lue for preagr icu ltura l, behaviora lly modernhas rela t ively lit t le effect on average life expectancy is Stone Agers. The adopt ion of fa rming and set t led livingst ra igh t forward: these condit ions are typica lly causes is commonly considered an advance for humanity, bu tof la te-life mor ta lity. Whether a person dies a t 80 as the new condit ions appear to have adversely affectedopposed to 75 has fa r less influence on average longevity longevity, precipita t ing a substan t ia l decline to aboutmeasures than does infan t and childhood mor ta lity. Cir - 20 years [12]. Mor ta lity profiles thereafter remainedcumstances tha t increase likelihood of surviving poten- rela t ively stable (as la te as 1667 average life expectancyt ia lly letha l infect ious illnesses a t age 2 are representa - in London was est imated to have been 18) [2] and itt ive of factors capable of substan t ia lly impact ing a seems likely tha t from the Neolith ic Revolu t ion unt ilpopula t ion’s average length of life. Whether the Pa leo- the la te 18th century, expecta t ion of life in “civilized”lith ic lifestyle is hea lth ier than tha t common in contem- na t ions seldom or never exceeded 25 years. Thereafter,porary affluent na t ions should be judged on it s ability technologica l breakthroughs in food product ion , manu-to affect parameters other than average life expectancy. factur ing, t ranspor ta t ion , t rade, communica t ions, and

energy genera t ion gave r ise to what economist s ca llAge and Chronic Disease m odern econom ic growth [13,14]. A major component
of th is t ransformat ion was susta ined increase in perA popula t ion with a life expectancy of 40 a t bir th
capita income, a measure tha t reflect s human produc-will inevitably have much lower mor ta lity from cancer,
t ivity and determines average purchasing power. Inhear t disease, diabetes, and st roke than will a popula-
Br ita in , per capita income doubled between 1780 andt ion with an average life expectancy of 75. To th is exten t
1860, and then mult iplied a fur ther sixfold betweencompar isons between recent ly studied hunter-ga ther -
1860 and 1990 [15]. Shelter, t ranspor ta t ion , cloth ing,ers4 and cit izens of affluent Western na t ions are inva lid.
and food became progressively less expensive in termsOf course age-rela ted diseases will cause more dea ths in
of the t ime and energy necessary to obta in them.a society with a grea ter propor t ion of older individua ls.
At the most basic level, increased human product ivityThis coin has another side, however. While chronic

equa tes to more efficien t food energy acquisit ion : moredegenera t ive diseases genera lly produce mor ta lity in
ca lor ies are ga ined for a given effor t . This improvedla ter life, they begin much ear lier, often in childhood.
efficiency makes more energy ava ilable for bodily re-This a llows compar ison between age-matched younger
quirements other than physica l work.members of indust r ia l and technologica lly pr imit ive so-

ciet ies. Biomarkers of developing abnormality such as Physica l Energy Expenditure
obesity, r ising blood pressure, nonobst ruct ive coronary !
a therosclerosis, and insu lin resistance are common Rest ing Metabolism
among the former, bu t ra re in the la t ter [3,4]. Measure- Food Energy Specific Dynamic Act ion

"ments of muscula r st rength and aerobic power revea l In take Pathogen Resistance
simila r discrepancies [5], aga in favor ing individua ls Growth
whose lives more closely resemble the ancest ra l pa t - Reproduct ion
tern . About 20% of hunter-ga therers reach age 60 or Energy Storage
beyond [6,7], bu t even in th is age bracket , individua ls

Of these, the most impor tan t , vis-à -vis life expectancy,
has been pa thogen resistance [16,17]. The Indust r ia l

3 St roke, coronary hear t disease, diabetes, chronic obst ruct ive pul- Revolu t ion so significan t ly enhanced product ivity per
monary disease, lung cancer, female breast cancer, cervica l cancer, hour of human effor t tha t human hea lth improved evencolorecta l cancer, and chronic liver disease/cir rhosis.

a s popula t ion soared, thereby defying Malthusian ex-4 Imperfect , bu t the best ava ilable sur roga tes for preh istor ic
Stone Agers. pecta t ions. This was an unprecedented development .
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Ten thousand years ear lier the comparably sign ifican t select ive pressure, th is many genera t ions afford ample
oppor tun ity for very sign ifican t genet ic evolu t ion . ForAgr icu ltura l Revolu t ion increased product ivity per unit

of land area , making more tota l food energy ava ilable example, Wrangel Island mammoths, isola ted from the
Siber ian main land by r ising sea levels a t the end of theso tha t popula t ion growth accelera ted. However, pro-

duct ivity per hour of effor t actua lly may have dimin- last Ice Age became dwarfed (to about one-th ird the
size of their ancestors) over a per iod of “only” 5,000 toished: a round th is t ime average fina l height declined

while skeleta l markers of infect ion and nut r it iona l 7,000 years [22]. In ligh t of th is and simila r documented
instances of rapid mammalian evolu t ion , impor tan tst ress became more common [18,19]. Modern economic

growth reversed the agr icu ltura l era ’s nega t ive effect s post Stone Age changes in the human gene pool cannot
be excluded. Perhaps these have adapted us for theon individua l energy ba lance, thus promot ing biologica l

phenomena , such as grea ter adult sta ture, ear lier pu- condit ions of life in affluent Western na t ions.
However, from the standpoin t of evolu t ionary theoryber ty, and increased energy storage (as adipose t issue),

which have character ized the past 200 years. The new an expanding popula t ion , increasing in ter regiona l
t ravel, and cultura l innova t ions capable of dampeningenergy ba lance a lso extended human life expectancy,

another of the past two centur ies’bio-phenomenal ha ll- environmenta l var iability should reduce the likelihood
of genet ic novelt ies becoming established [23]. Tha t is,marks. Grea ter energy ava ilability enhanced poten t ia l

for repa ir ing the effect s of t rauma, meet ing the ener - they should reta rd the ra te of genet ic evolu t ion . Re-
spected genet icist s [24], pa leoanthropologist s [25], biol-get ic requirements of ch ildbear ing, and combat ing the

onslaught of harmful microbes. Because infect ious dis- ogist s [26], and evolu t ionary theor ist s [27] concur tha t ,
genet ica lly, contemporary humans differ lit t le from oureases had previously been the paramount causes of

mor ta lity, the la t ter was of specia l impor tance for Stone Age ancestors. This conten t ion can be tested by
compar ing the genet ic makeup of exist ing popula t ions.longevity [16,17].

Life expectancy was nega t ively affected by popula t ion If agr icu lture and “civiliza t ion” have significan t ly a l-
tered the human genome, groups like the Kalahar i San ,sh ift s from the count ryside to urban areas where crowd

diseases were preva len t . Also, increases were observed arct ic Inuit , and Aust ra lian Abor igines, whose ances-
tors were hunter-ga therers unt il recent centur ies,ea r lier among the upper classes, which received a

grea ter propor t ion of the Indust r ia l Revolu t ion’s in it ia l should differ, genet ica lly, in some systemat ic, iden t ifi-
able way from Near Easterners, Chinese, and Newbenefit s [13]. Never theless, between 1700 and 1900,

overa ll Br it ish life expectancy increased 34 years— Guineans, whose ancestors adopted farming millennia
ago. There is no evidence for any such dist inct ion [28].from 18 to 52 [2,16]. Between 1890 and 1990 rea l income

(infla t ion adjusted) for the poorest 20% of households While there is genet ic var ia t ion between differen t hu-
man popula t ions, some of which affect s disease suscep-increased 19-fold so tha t the hea lth effect s of indust r ia l-

iza t ion have become more equitably dist r ibu ted [13], t ibility, lit t le of th is var ia t ion can be ascr ibed to the
effect s of cu ltura l developments dur ing the past tenwith the resu lt tha t average life expectancy now ex-

ceeds 75 years in many Western na t ions. millennia . (Lactose and glu ten tolerance, as well as
severa l hemolyt ic anemias, a re possible except ions.)Although they obviously make an ir replaceable con-

t r ibu t ion to individua l hea lth and quality of life, there is There has been ample t ime for impor tan t changes in
the human gene pool since the Neolith ic Revolu t ion , butsurpr ising consensus “tha t specific therapeut ic medica l

t rea tments have had lit t le impact on mor ta lity reduc- compara t ive genet ic da ta provide compelling evidence
aga inst the conten t ion tha t long exposure to agr icu l-t ion” [20]. On the other hand, there is increasing agree-

ment tha t public hea lth achievements such as bet ter tura l and indust r ia l circumstances has distanced us,
genet ica lly, from our Stone Age ancestors.san ita t ion (purer water, adequa te sewage disposa l),

sa fer food, effect ive systems of quaran t ine, and immuni-
THE ENVIRONMENT OF EVOLUTIONARYza t ions have exer ted a cr it ica lly impor tan t influence on ADAPTEDNESS

longevity. Whether economic considera t ions or public
hea lth measures have had grea ter impact is disputed This infelicitous term designa tes tha t evolu t ionary

t ime segment dur ing which select ive pressures op-[16,20,21], bu t their effect s have clear ly been comple-
mentary, especia lly since the mid-19th century. It is the era t ing in our ancestors’physica l and psychologica l en-

vironments led to the appearance of dist inguish ingcombina t ion of these societa l developments ra ther than
individua l lifestyle choices which have led to an average modern human t ra it s. Of course past circumstances

var ied with t ime per iod and geographica l loca t ion andlife expectancy twice tha t of any pr ior human society.
th is inconstancy has been held by some to inva lida te
any “Paleolith ic prescr ipt ion .” If there was no one uni-GENETIC CHANGE SINCE AGRICULTURE
versa l ancest ra l lifestyle pa t tern , how can past exper i-
ence provide a model for hea lth recommendat ions inDur ing the past 10,000 years there have been approx-

imately 400 to 500 human genera t ions. Given sufficien t the present?
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The answer is tha t differences between ancest ra l en- humans. Never theless, our capacity for physica l adap-
ta t ion and cultura l innova t ion has clear ly a llowed hu-vironments across t ime and space were minor compared

with their essen t ia l simila r it ies, especia lly when con- mans to survive and mult iply in many differen t envi-
ronmenta l set t ings.t rasted with human exper ience in the affluent presen t .

Whether Stone Agers lived in the arct ic or the t ropics, However, th is is not to say tha t our biology opera tes
opt imally in a ll these environments. As a ru le, biologi-vigorous physica l exer t ion was essen t ia l; for foragers

living 500,000 or 50,000 years ago food was der ived ca l organisms are hea lth iest when their life circum-
stances most closely approximate the condit ions forfrom natura lly occur r ing vegeta t ion and wild game. Age

a t fir st pregnancy, nursing pa t terns, and bir th in terva ls which their genes were selected. In many cases our
in t r insic adapt ive capacity a llows us to accommodatevar ied lit t le among prehistor ic hunter-ga therers but ,

in genera l, differed markedly from the reproduct ive ex- devia t ions with lit t le immedia te effect on hea lth . But
u lt imately, beyond curren t ly undefined limit s, an indi-per iences of most women in contemporary affluent na-
vidua l organism’s adapta t ion may sacr ifice fu turet ions [29]. If the socia l organiza t ion of recent ly studied
hea lth for shor t -term surviva l. Condit ions tolerable orforagers can be ext rapola ted in to the past—which is
even beneficia l in ear ly life may lead, eventua lly, toprobably va lid a t least back to the appearance of behav-
chronic degenera t ive diseases.iora lly modern humans—nomadic Stone Agers lived in
Subopt imal circumstances take varying t ime per iodssmall groups whose members knew each other in t i-

to induce ill effect s. Lack of oxygen is letha l in minutes,mately, not in megapolitan aggrega t ions of st rangers
scurvy develops after months of inadequa te vitamin Cand casua l acqua in tances. Polit ica lly they were ega li-
in take, and insufficien t dieta ry ca lcium commonlyta r ian , not h iera rch ica l [30], and economica lly there
takes decades to produce clin ica l osteoporosis. Devia-must have been more equitable resource a lloca t ion than
t ions from our ancest ra l lifestyle—in nut r it ion , exer -a t any t ime subsequent to the appearance of ch iefdoms
cise, reproduct ion , etc.—can produce ill effect s dur ingdur ing the Neolith ic [31].
ea r ly life, bu t many individua ls appear outwardlyAncest ra l lifeways dur ing the environment of evolu-
hea lthy well in to middle adulthood and even beyond.t ionary adaptedness were indeed heterogeneous, bu t
However, if preagr icu ltura l lifeways are t ru ly those fortheir core essen t ia ls were basica lly simila r and differed
which humans remain genet ica lly programmed, we canst r ikingly from those of the present . These cent ra l char -
expect tha t , despite our adaptability, most of us willacter ist ics can be ut ilized to crea te a legit imate, defensi-
eventua lly have to pay the piper. The evolu t ionary hy-ble basis for meaningfu l research and poten t ia lly, for
pothesis proposes tha t chronic degenera t ive diseaseshea lth recommendat ions.
a re the pr ice.

CONCLUSION
HUMAN ADAPTABILITY

These countera rguments are impor tan t because the
in tu it ive appea l of the issues they address somet imes

Humans are among the most adaptable of a ll mam- biases considera t ion of evolu t ionary hea lth promot ion’s
malian species; indeed, some theor ist s specula te tha t rea l na ture and possible sign ificance. Proponents of th is
an impor tan t thrust of our evolu t ionary t ra jectory has emerging discipline do not , necessar ily, oppose modern
been toward maximizing tha t adaptability [32]. In addi- economic growth and are cer ta in ly not aga inst the
t ion , our purely biologica l versa t ility is extended by achievements of medicine and public hea lth . Their a r -
cu lture, the behaviora lly modern human capacity to gument is tha t , in the area of individua l lifestyle choices
manipula te environment through technology. Given rela t ive to prevent ion of chronic degenera t ive disease,
th is unique faculty for adjust ing to differ ing condit ions, the per t inen t aspects of Pa leolith ic exper ience [33]
is it not possible, or even likely, tha t we are acceptably should be considered an a t t ract ive, poten t ia lly fru it fu l
su ited to life amid affluent Western condit ions? After candida te paradigm tha t deserves discussion and re-
a ll, there are now approximately 500 people a live for search eva lua t ion . No theory can become a paradigm
every single individua l living a t the end of the Stone unt il invest iga t ion and hypothesis achieve accord, but
Age; an est imated 10 to 15 million 10,000 years ago any reject ion of evolu t ionary hea lth promot ion should
versus 6 billion a t presen t . Doesn’t tha t indica te how be based on it s fa lsifica t ion by exper iment or because
well we’ve adapted to changing circumstances? another theory fit s bet ter with known facts—not be-
There’s no doubt tha t adaptability has been an im- cause of unjust ified preconcept ions about genet ic evolu-

por tan t factor in human demographic expansion subse- t ion since agr icu lture, human adaptability, nor the het -
quent to agr icu lture. Some might quest ion whether our erogeneity of Pa leolith ic environments. And cer ta in ly
species’ explosive growth has been beneficia l for the not because we live longer than did Stone Agers. Con-
wor ld’s biome genera lly, or even whether it has exer ted temporary longevity reflect s modern economic st ruc-

ture in conjunct ion with public hea lth measures. It isa posit ive influence on the individua l lives of average
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15. Landes DS. The wealth and poverty of nations. New York:neither an endorsement of our cur ren t individua l life-
Nor ton , 1998:194.style choices nor a va lid argument aga inst evolu t ionary

16. McKeown T, Brown RG, Record R. An in terpreta t ion of the mod-hea lth promot ion .
ern r ise of popula t ion in Europe. Popula t ion Studies 1972;26:
345–82.
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