The “Thrifty Genotype” in 1998!
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Introduction

In 1962, under the title “Diabetes mellitus: A “thrifty’ geno-
type rendered detrimental by ‘progress’?,” I published
the suggestion that the basic defect in diabetes mellitus
was a quick insulin trigger.! This was an asset to our tribal,
hunter-gatherer ancestors with their intermittent, some-
times feast-or-famine alimentation, since it should have
minimized renal loss of precious glucose. Currently, how-
ever, it was hypothesized that overalimentation in the tech-
nologically advanced nations resulted in4nsulin levels
that elicited the insulin antagonists popularized by
Vallance-Owen and colleagues, resulting in diabetes mel-
litus.* The changing dietary patterns of Western civiliza-
tion had compromised a complex homeostatic mechanism.
My paper was written before the clear distinction between
type I and type II diabetes had been drawn, but in retro-
spect it was directed at type II or non-insulin-dependent
diabetes mellitus (NIDDM). This quick insulin trigger was
under a (still) poorly-defined genetic control. Since too
quick an insulin trigger might be as disadvantageous as
one that is too slow, it was suggested that this genetic
control might take the form of a balanced polymorphism,
by analogy with the polymorphisms for the sickle cell al-
lele (BS) then receiving so much attention. When other
laboratories could not confirm Vallance-Owen’s insulin
antagonists (except in rare cases), the original physiologi-
cal basis for the hypothesis collapsed.* Although alterna-
tive “balance” hypotheses came to mind, they were nei-
ther as simple nor as intellectually satisfactory.’ However,
the problem remained: why is the predisposition to NIDDM
so frequent? Explanations based on the “thrifty genotype”
hypothesis continue to be invoked.®!” Over the past 35
years, it has become increasingly clear that essential hy-
pertension and obesity share many of the epidemiological
features of NIDDM. Both are diseases of civilization, with
a very gradual onset. Both are familial, with the disease
the result of a complex interplay of genetic and environ-
mental factors. This essay will compare and contrast cur-
rent facts concerning the genetic bases for all three dis-
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eases and their pathophysiology, and review the argu-
ments for regarding the genetic predisposition to all three
of these conditions as formerly adaptive genotypes, the
functioning of which is now compromised by the chang-
ing lifestyles of the technologically advanced nations.
Finally, we will discuss the probable relative effectiveness
in the future of a genetically based in contrast to an envi-
ronmentally based program of prevention and therapy for
these diseases.

Some Recent Developments Concerning NIDDM

In recent years, the concept of NIDDM has been evolving
rapidly. Although impairment in glucose metabolism in
populations is a continuous distribution, the usual “cut-
point” for the diagnosis of NIDDM is a one-hour post-
glucose-challenge blood glucose concentration greater
than 224 mg/dL or a casual level greater than 124 mg/dL.
Four developments are of special relevance to this pre-
sentation.

NIDDM in Amerindians

Although NIDDM “obviously” blossomed with inactiv-
ity and overalimentation, the striking prevalence in vari-
ous Amerindian groups created the suspicion that there
might be a particular predisposition to the disease in some
tribal groups, a predisposition that surfaced with reserva-
tion-style living, i.e., that the thrifty genotype hypothesis
was of limited ethnic applicability.'®? With some difficulty,
we were able to carry out glucose tolerance and related
tests on representatives of two groups of remote and rela-
tively unacculturated Amerindians, the Yanomama and
Marubo of the Brazilian Amazon Basin.?” Although there
were statistically significant differences among the plasma
glucose, insulin, pancreatic polypeptide, and growth hor-
mone responses of the two Amerindian groups, neither of
these groups exhibited the dramatic glucose intolerance
of the highly acculturated (and quite obese) adult North
American Pima. Although the study was limited, we saw
no evidence for a strong ethnic predisposition to NIDDM
in Amerindian groups pursuing a traditional lifestyle, al-

'This paper is an abridged version of an article recently pub-
lished in Perspectives in Biology and Medicine 42:44-74 (1998).
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though the data, of course, did not rule out the possibility
that various ethnic groups might differ in the frequency of
the alleles involved in the postulated balanced polymor-
phism.

A more telling observation concerning the role of
lifestyle in the emergence of NIDDM in Amerindians in-
volves the Pima Indians of southern Arizona and a closely
related group, the Pima Indians of the Sierra Madre Moun-
tains of northern Mexico, two groups estimated to have
separated some 700-1000 years ago. The results of the
studies done in those groups give no support to the no-
tion that the high frequency of NIDDM in reservation
Amerindians might be due simply to an ethnic predisposi-
tion—rather, it must predominantly reflect lifestyle
changes.

The Heterogeneity of NIDDM
It has become clear that NIDDM is an etiologically (ge-
netically) heterogeneous entity. The most important affir-
mation of this statement stems from the recognition of a
distinctive maturity-onset-type diabetes of youth (MIODY)
in which the impairment of sugar metabolism has an early
onset, progresses slowly, and appears to be inherited as a
simple dominant trait.?® In the 25 years since its recogni-
tion, MODY has by now been divided into some five sub-
types, each associated with a specific aspect of glucose
metabolism, and the locus for each subtype generally char-
acterized by numerous different mutations at the molecu-
lar level.?*32 There are also a number of other rare genetic
syndromes that seem to carry an increased risk of NIDDM.
A recent intriguing development involves the polycystic
ovary syndrome, long known to be strongly associated
with NIDDM. It now appears that this syndrome is closely
linked to the occurrence of the I1] allele of the VNTR locus
on chromosome 11p15.5 (see below), an allele already im-
plicated in the etiology of NIDDM in some studies.® At
this writing, it does not appear that these rare, monogeni-
cally inherited subtypes will collectively comprise more
than about 10% of what is commonly diagnosed as NIDDM.
These developments require that the concept of the
thrifty genotype has to be considered in light of the pre-
cise subtype of NIDDM under consideration. Specifically,
I propose to restrict these considerations to NIDDM not
yet demonstrated to be of simple genetic etiology — still
the vast majority of NIDDM. With respect to the possible
genetic basis of this remaining body of NIDDM, the long-
standing evidence for an important genetic component in
the etiology of NIDDM has been reinforced by a number
of recent studies.’ Several groups of investigators have
presented evidence for the action of alleles at a single
major locus in the etiology of NIDDM. Bogardus et al.
report that in the Pima Indians, fasting insulin levels have
atrimodal distribution, suggesting a major role for a bialielic
system,® and segregation analysis of the familial distribu-

Nutrition Reviews®, Vol. 57, No. 5

tion of NIDDM in the same group by Knowler et al. also
yielded evidence for the action of a single major gene.®
Mitchell et al. have recently reported evidence for a major
(dominant) allele affecting postchallenge insulin levels in
Mexican Americans, this allele accounting for 35% of the
variance in the logarithm of the 2-hour insulin levels.?¢ A
more recent genome-wide search for susceptibility genes
in Mexican Americans with NIDDM, employing the sib-
pair approach, produced evidence for a major susceptibil-
ity locus on chromosome 2, the allele, as in the study of
Mitchell et al., accounting for 30% of the familial cluster-
ing.’” A possible link between these studies and the earlier
studies on the Pima is suggested by the fact that approxi-
mately 31% of Mexican American genes are descended
from Amerindians.® Interestingly, the same group report-
ing a major locus for NIDDM susceptibility on chromo-
some 2 in Mexican Americans found no evidence for such
an allele in smaller samples of non-Hispanic whites and
Japanese. On the other hand, Schermacher et al. have ear-
lier reported, from segregation analysis on Caucasian fami-
lies in which NIDDM occurs, evidence for a recessive
allele determining fasting insulin levels with a frequency
of 0.25.%° This allele contributed 33.1% to the variance in
fasting insulin levels.

A recent development involves the association with
the occurrence of NIDDM of variation in the number of
tandem repeats 5” to the gene encoding insulin (INS). Some
596 base pairs (bp) from the INS translation initiation codon
(ATG), on chromosome 11p15.5, there is a region charac-
terized by a variable number of tandemly repeated (VNTR)
14-15 bp sequences. These repeated units vary in number
from 26 to over 200, but the differences in length are not
unimodally distributed. Rather, there are three modal val-
ues, of about 40, 80, and 160 repeats.*® On the basis of
these modes, the distribution has been divided into three
classes (treated as alleles): Class I, with 26 to 63 repeat
units; Class ITI, with 141-209 units; and a rare Class II, with
64 to 140 units. A number of studies suggest that with
respect to this polymorphism, there is an association be-
tween Class I1I alleles and NIDDM,* but the results of the
various studies are not consistent.

Considerations of MODY aside, the various single
gene effects described in the papers just discussed—if
confirmed—only account for a minor fraction of the ge-
netic component in the etiology of NIDDM. Assuming the
validity of these findings, that leaves the precise genetic
contributions to the remaining genetic variance yet to be
worked out. NIDDM at this point is still a multifactorial or
oligogenic trait, but the enormous range of individual and
group socioeconomic circumstances in the industrialized
nations badly interferes with an estimate of the genetic
susceptibilities. Furthermore, since there may well be epi-
genetic interactions between the components of the ge-
netic contribution to NIDDM, and of these components
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with the environment, the precise attribution of a “major”
or “minor” role for any given allele must be approached
with some circumspection.

Although it is customary to think of NIDDM as a
disease with onset in middle age, in fact statistical studies
some 30 years ago suggested that on average, already in
the 10-29 age interval, there were small departures from
normality in the glucose tolerance tests of the children of
parents one or both of whom had NIDDM.*? In recent
years, this observation has been repeatedly confirmed,
but, in addition, children in the 5-19 agé interval and one
or both of whose parents has NIDDM exhibit elevations
of fasting and 2-hour blood insulin levels. They also tend
to be obese, and follow-up studies reveal that all these
findings are significant predictors of future NIDDM.*
Thus, the physiological abnormalities that characterize
NIDDM will typically have onset as early as the teens.

Syndrome X

Parallel to these developments regarding NIDDM has been
the emergence of interest in the confluence of the three
diseases under discussion, namely, NIDDM, hyperten-
sion, and a truncal/abdominal (android) obesity, a
confluence variably termed Syndrome X, the insulin resis-
tance syndrome, or the deadly quartet.*-*® There is no
doubt that individuals are encountered exhibiting this as-
sociation. From the genetic standpoint, however, the term
“syndrome” is in its strict (and most useful) sense applied
to a non-random association of phenotypes tied together
by some common genetic pathophysiology. Given the rela-
tively high prevalence of obesity, essential hypertension,
and NIDDM in most affluent societies, this triad can also
be a chance association, without the implication of some
common etiological basis.

The recognition of Syndrome X created an obvious
problem for the thrifty genotype concept. Was this the
“complete” manifestation of the thrifty genotype, and, if
s0, would this require an expansion in the definition of the
thrifty genotype? Recently, we have completed an analy-
sis of the prevalence of obesity, hypertension, NIDDM,
and their various combinations in two adult populations,
one in the United States and one in Japan, for which data
were available on these three entities and their various
associations.’! There was indeed a substantial excess of
females (but not males) exhibiting the triad of Syndrome
X. However, a log-linear regression analysis revealed that
the really significant association in these data was in the
first-order interaction between obesity and hypertension,
with a weaker interaction between obesity and NIDDM.
When allowance was made for these two associations, no
second-order interaction term to account for the excess of
Syndrome X was necessary. Syndrome X is thus not a
true syndrome whose elements share a common (genetic)
pathophysiology but a combination attributable to first-
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order interactions. The observation that individuals with
birth weights of 6.5 pounds or less were 10 times more
likely than persons with birth weights greater than 9.5
pounds to exhibit the attributes of Syndrome X at matu-
rity is an interesting pointer toward a primarily nongenetic
factor in the etiology of this “syndrome.”*?

The Physiological Complexity of the Stone Age
Industrial Age Transition

Finally, it is now clear that the original thrifty genotype
hypothesis, with its emphasis on feast or famine, pre-
sented an overly simplistic view of the physiological ad-
justments involved in the transition from the lifestyle of
our ancestors to life in the high-tech fast lane. Eaton has
emphasized how different in composition the Stone Age
body that received that intermittent alimentation was com-
pared with our modern bodies.” Although trained ath-
letes retain the relative muscle mass of early man—at least
until the competitions are over—modern man is charac-
terized by a striking sarcopenia, with the interstices be-
tween muscles well padded with fat. Because fat and skel-
etal muscle cells have strikingly different insulin sensitivi-
ties, the overall sensitivity to insulin of skeletal muscle is
profoundly altered in the transition to a technological so-
ciety. Thig differential is emphasized by the high condi-
tioning of the muscle of our tribal, hunter-gatherer ances-
tors, with a corresponding greater efficiency of insulin
utilization. Whereas the total daily energy expenditure in
adult members of hunter-gatherer and traditional agricul-
tural societies was in the neighborhood of 3000 kcal/day,**
% now in industrialized societies it is of the order of 2000
or less.””

Finally, the composition of the diet, and more specifi-
cally the use of highly refined carbohydrates, with the
resulting almost instantaneous “sugar highs,” has, of
course, altered dramatically with civilization, as has the
mix of dietary components. Exactly how this might influ-
ence the development of insulin resistance is a matter of
active debate.”®

Despite all these advances in our understanding of
NIDDM, the nature of the environmentally precipitated
genetic maladjustments that result in the disease remain
obscure. Given the intensity of the current effort to local-
ize and characterize the genes, the functioning of which
seems to be compromised in NIDDM, speculation at this
time concerning their nature seems of little value. How-
ever, the concept of a “thrifty genotype” remains as vi-
able as when first advanced, and it now seems desirable,
in view of the direction this essay is taking, to begin to put
the concept of a “compromised” thrifty or adaptive geno-
type into a broader context that will include two other
diseases presenting similar epidemiological characteris-
tics.
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Essential Hypertension and Obesity

The two additional diseases to be considered are essen-
tial hypertension and obesity, both of which share many
of the epidemiological characteristics of NIDDM. We have
documented these shared characteristics in detail else-
where; space permits only a brief enumeration.®

Increase in Frequency

Like NIDDM, essential hypertension and obesity are “dis-
eases of civilization,” rarely encountered in tribal popula-
tions whose sustenance is gained from hunting, foraging,
and limited agricultural practices. Now, however, in a coun-
try such as the U.S., hypertension (seated diastolic pres-
sure 90 mm/Hg) will be encountered in some 40% of adults,
as will obesity [BMI (weight in kg/height in meters?)>27].
The emergence of these two diseases is not limited to
scattered populations but is widespread wherever tech-
nological transition is creating affluence while individual
expenditure of physical activity to gain a livelihood is
declining. R
Genetic Complexity

Although in recent years some rare, monogenically inher-
ited forms of hypertension and obesity have been recog-
nized, the genetic component in the etiology of the vast
majority of instances of these two diseases seems to be
multifactorial or polygenic. This terminology is consis-
tent with multiple genes with approximately equal effects,
or several major genes with a larger number of modifiers.
In any event, different genes may be involved in different
pedigrees, i.e., there is genetic heterogeneity. Numerous
efforts to map the positions of these genes are underway,
but the results are often conflicting, and it will be some
years before consensus is achieved.

Early Onset

Essential hypertension and obesity, like NIDDM, are of-
ten characterized by minor departures from normal early in
life, although clear clinical disease may not be apparent
until adulthood. Thus, the children of hypertensives,
known to be highly predisposed to hypertension them-
selves, often exhibit a hyperkinetic borderline hyperten-
sion, as well as departures from normal in red blood cell
lithium-sodium counterparts.®%2 Likewise, chubby chil-
dren tend to become obese adults, although, of course,
not all obese adults were chubby as children, and not all
chubby children are obese as adults.® ©-% That there are
subtle harbingers of obesity very early in life is suggested
by the observation that babies of overweight mothers of-
ten exhibit an aggressive feeding style.55¢7

Complex Relationships with Other Diseases

Finally, as mentioned earlier, there are poorly understood
nonrandom associations between hypertension and obe-
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sity, and between NIDDM and obesity, which may be taken
as indicating some overlap in genetic or environmental
basis, but stopping short of the Syndrome X concept.

Implications of the Emerging Understanding of
These Three Diseases for Their Future Therapies

An Improved Terminology

While the concept of NIDDM as a “thrifty genotype” now
expressing itself under the conditions of civilization seemed
appropriate 36 years ago, the various recent developments
regarding this disease, and the developments regarding
hypertension and obesity, suggest both a modification
and a broadening of the original concept. It now seems
preferable to conceptualize these diseases as resulting
from previously adaptive multifactorial genotypes, the
integrated functioning of whose many-faceted genetic
components is seriously disturbed by the complexly al-
tered environment in which they now find themselves.
Some terminological problems must be dealt with. The term
“thrifty genotype” has served its purpose, overtaken by
the growing complexity of modern genetic medicine. If our
thesis that the three disease entities briefly discussed in
this review are, in fact, all in very large measure the reflec-
tion of genetically complex homeostatic systems now
pushed to and.beyond their limits, a collective term would
be useful. With respect to these three entities, the genes
involved are very predominantly fine old genes with, of
course, some allelic variation, honed by millennia of selec-
tion for harmonious interactions and appropriate epige-
netic relationships, the proper functioning of which is
overwhelmed by extraneously imposed parameters of very
recent origin. The ultimate genetic complexity of each of
these diseases qualifies it for the term “syndrome.” Per-
haps collectively we can speak of the “syndromes of im-
paired genetic homeostasis” or, more colloquially, the “civi-
lization syndromes,” or the “altered lifestyle syndromes,”
to which other diseases may yet be added.

Future Prevalence

We have already commented on the increasing prevalence
of obesity in the U.S. and, to a lesser extent, in other in-
dustrialized populations. This increase extends back into
the pediatric ages.® Given the correlation of obesity with

* both NIDDM and essential hypertension, presumably

these latter two diseases will also increase as obesity in-
creases. The recent gross proliferation of computer game
activities designed specifically to appeal to juveniles, not
to mention the large blocks of time children are devoting
to passive television viewing, will do nothing to halt this
trend. The monogenic genetic disorders will maintain a
relative constancy for the foreseeable future, but, barring
the enforced return to a simpler lifestyle that the popula-
tion/resources conflict might create, the prevalence of the
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“syndromes of impaired genetic homeostasis” can only
increase.'s

Some Therapeutic Considerations

We now turn briefly to some therapeutic implications
emerging from the foregoing considerations. They can be

‘subsumed under three headings: the genetic, the euphenic,
and the pharmacological. However, because of time limits,
I will not consider the third approach.

The Role for Genetic and Gene Therapy
Already, as the search for genes associated with the com-
plexly inherited types of NIDDM, hypertension, and obe-
sity gathers momentum, there are allusions to how these
future discoveries will lead to genetic and gene therapy.
(Genetic therapy is the provision of a missing gene prod-
uct; gene therapy the introduction of functional DNA into
the tissues of an individual in whom that DNA is non-
functional.) With respect to genetic therapy, the use of
insulin in the management of diabetes mellitus constitutes
one of the early examples of genetic therapy. A more re-
cent significant development in this field is the possibility
of the amelioration of some types of obesity by treatment
with the newly discovered hormone leptin, produced in
the adipocyte, on the assumption that the serum level of
leptin normally plays a major role in some individuals in
regulating food intake.%®

Additional opportunities for genetic therapy may be
defined for these “diseases of civilization” in the future.
However, there is reason for humility of genetic thought
with respect to the genetic therapy of these disorders.
The monogenic disorders for which genetic therapy is
feasible represent, for the most part, defects in a well-
understood metabolic cascade. By contrast, the multifac-
torial “diseases of civilization” represent perturbations of
complex systems in which the various genetic components
are, for the most part, normal genes with unknown func-
tional ramifications, and until these are well understood,
clear thinking regarding genetic therapy is impossible.

With respect to actual gene therapy for these com-
plex disorders, the prematurity and shallowness of much
that is in the literature concerning this prospect have been
adequately discussed by others and will not be treated
here.”®” (This comment is not meant to detract in any way
from the current amazing insights into the nature of our
genetic material resulting from the molecular approaches
but rather to emphasize that a new order of complexity
must enter into our thinking concerning genetics and gene
therapy for the three conditions we address.)

The Euphenic Approach: The “Paleolithic
Prescription”

Some years ago, as the term “genetic engineering” began
to gain currency, I argued for the need for a counterbal-
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ancing concept and term, namely, “culture engineering.”
Even as genetic engineering implied a conscious effort to
improve the genome, culture engineering implied a con-
scious effort to develop in all dimensions the environ-
ment (in the broad sense) in which the human genome
finds its optimal expression.”7’ Shortly thereafter,
Lederberg suggested the more felicitous term euphenics
for essentially the same concept, and this is the term we
shall employ in this section — while limiting our consider-
ations solely to the three disease entities under discus-
sion.’

For these diseases, the euphenic approach is defined
broadly by what Eaton et al. have termed the Paleolithic
Prescription.””’® Basically, this constitutes, in the interest
of health, a twentieth-century “return,” where feasible, to
aspects of a Paleolithic lifestyle, with reference to dietrand
physical activity. With respect to diet, based on a careful
analysis of data on hunter-gatherer or forager societies,
Eaton and colleagues suggest dramatic dietary modifica-
tions: much higher dietary fiber content, the corollary be-
ing a decrease in refined carbohydrate foodstuffs; less
saturated fat in the diet; a decreased sodium intake; greater
intake of micronutrients, either through an increased in-
take of fruits and vegetables or dietary supplementation.
With respect to sodium, the evidence from clinical trials
suggests that an intake of less than 70 mmol/day would
be appropriate.” Simuitaneously, a return to a much higher
level of physical activity must be stimulated.

All of these suggestions have been repeatedly ad-
vanced by a variety of scientific interests in recent years.
The specific value of the Paleolithic Prescription is that it
seeks to document with precision the exact changes in
diet and caloric needs that accompanied the transitions of
civilization, thus providing a more objective background
against which to consider modifications in current
lifestyles. Obviously, a literal implementation of the Pale-
olithic Prescription is inconsistent with both the structure
and economics of modern society, but discussion of the
question of what aspects of the concept are feasible and
how these can best be implemented is just as timely as the
multitudinous discussions of the practice and ethics of
gene therapy.

Should society and its various instrumentalities un-
dertake increased preventative measures with respect to
these diseases, a number of decisions must be made. The
basic pathophysiology of these disorders is still so poorly
understood that any present approach would be largely
empirical. There is a strong argument for an increase in the
level of research activities, leading to rational therapeutic
approaches based on more detailed genetic knowledge.
This program consists of far more than gene identification
— the mechanism whereby these genes interact to create
the predisposition must be elucidated. In any endorse-
ment on our part of the Paleolithic Prescription, the as-
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sumption is explicit that the knowledge base of the key
critical physiological factors in the transition to civiliza-
tion is still weak and needs to be greatly strengthened.

But even the present level of knowledge is certainly
consistent with some empirical action. The primary eu-
phenic approach to these diseases would appear to be
dietary modification coupled with a program of regular
moderate exercise. But any significant implementation of
this generality requires a number of decisions. The initial
decision to be made is what population(s) to target in the
interests of efficiency and cost-effectiveness. There are
three obvious and nonexclusive possibilities. The first is
an all-inclusive, general population approach, through
which a general educational campaign should be launched
similar to that currently put in place by the U.S. govern-
ment to curtail smoking. The second is to target the pre-
disposed, especially the children of persons found through
the practice of medicine to exhibit the diseases under dis-
cussion. Here the incentive to follow a prescribed regime
should be substantially higher than in the “general popu-
lation” approach. Finally, preventative approaches c8uld
focus on a particular phenotype. For these diseases, the
obvious phenotype is obesity, not only because of the
ease of diagnosis but because of its association with both
NIDDM and essential hypertension.

The second decision to be reached in formulating a
comprehensive program is what constitutes an accept-
able and feasible Paleolithic Prescription in contemporary
society, and how it might be implemented/phased in. An
overly ambitious program might be considered by its tar-
get population to demand unacceptable lifestyle modifi-
cations — and also an unacceptable impact on the food
industries. One example of a dietary intervention modest
enough to be acceptable in the long term yet robust enough
to produce a clinically relevant impact on hypertension is
described in the recently completed Dietary Approaches
to Stop Hypertension (DASH) trial. DASH trial partici-
pants were randomized to one of three diets: 1) a control
diet low in fruits, vegetables, and dairy products with a fat
content typical for the United States; 2) a diet rich in fruits
and vegetables; or 3) a “combination” diet rich in fruits,
vegetables, and low-fat dairy products with reduced satu-
rated and total fat. The combination diet, targeted to main-
tain body weight and sodium intake at levels comparable
with the other diets, resulted in an average blood pressure
lowering of 11.4 mm Hg systolic and 5.5 mm Hg diastolic in
hypertensives and more modest (but highly statistically
significant) blood pressure reductions in normotensives
(3.5 and 2.1 mm Hg, systolic and diastolic, respectively).
The investigators suggested that broad application of the
combination diet could both treat hypertension and per-
haps prevent its development.?® I would like to urge that
replications and variations of this approach, not only to
hypertension but also to NIDDM and obesity, in a variety
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of ethnic groups, difficult though such studies may be,
should have a high priority. Such studies lack the glamour
of the molecular approach, but, in my opinion, they offer
better prospects for yielding data that will be helpful in
the amelioration of the impact of the diseases of civiliza-
tion.

A third decision would be the age at which to insti-
tute the Paleolithic Prescription. There is, of course, an
enormous literature on the benefits of caloric restriction
and weight loss in the management of NIDDM and obe-
sity, and one could not argue against intervention at any
age at which the disease is present. Unfortunately, past
experience has demonstrated a discouraging frequency
of recidivism in individuals attempting to control obesity.
Put very simply, it is as if early in life an insistent and
demanding biological drive to consume more calories than
is appropriate to maintain normal body weight was estab-
lished, and although this drive can be temporarily abro-
gated, it almost irresistibly reasserts itself. Understanding
how this “calorie-stat” gets set is probably the number
one priority in the study of obesity. But it now appears
that no matter what the detailed mechanism, intervention
should be as early as is practical, and consist not just in
cutting back on calories while maintaining the standard
diet of the high-technology society but incorporating as
many elements of the Paleolithic Prescription as possible.

In closing, T state the obvious: the implementation of
the euphenic approach to the “syndromes of failed ge-
netic homeostasis” will require personal discipline in so-
cieties that are increasingly hedonistic. The various tech-
nological cultures of the world are much more accustomed
to thinking in terms of “medical miracles™ and “quick fixes”
that require no effort on the part of the recipient. The need
for such self-discipline in many other aspects of human
activities is increasingly evident as we enter the third mil-
lennium. Perhaps how we undertake to manage these syn-
dromes will be a barometer for how we will cope with the
larger issues of population and resources. If we cannot
summon the self-discipline to improve our personal health,
then is it likely society can summon the discipline to meet
the many problems created by expanding populations and
diminishing resources?

1. Neel JV (1962) Diabetes mellitus: A “thrifty” geno-
type rendered detrimental by “progress”? Am J
Hum Genet 14:353-2

2. Vallance-Owen J, Hurlock B, Please NW (1955)
Plasma-insulin activity in diabetes mellitus mea-
sured by the rat diaphragm technique. Lancet
2:583-7

3. Vallance-Owen J, Lilley MD (1961) Insulin antago-
nism in the plasma of obese diabetics and pre-
diabetics. Lancet 1:806-7

4.  Vallance-Owen J, Lilley MD (1961) An insulin an-
tagonist associated with plasma-albumin. Lancet
1:804-6

S7



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

S8

Neel JV (1982) The thrifty genotype revisited. In
Kdbberling J, Tattersall R (eds), The Genetics of
diabetes mellitus. Academic Press, Amsterdam, pp
137-47

Knowler WC, Pettitt DJ, Bennett PH, et al (1983)
Diabetes mellitus in the Pima Indians: Genetic and
evolutionary considerations. Am J Phys Anthropol
62:107-14

Weiss KM, Ferrell RE, Hanis CL (1984) A New World
syndrome of metabolic diseases with a genetic and
evolutionary basis. Yearbook Phys Anthropol
27:153-78

Rosenbaum M, Leibel RL (1988) Pathophysiology
of childhood obesity. Adv Pediatr 35:73-137
Editorial (1989) Thrifty genotype rendered detri-
mental by progress? Lancet 2:839-40

Ravussin E, Bogardus C (1990) Energy expendi-
ture in the obese: Is there a thrifty gene?
Infusionstherapie 17:108-12

Zimmet P, Dowse G, Finch C, et al (1990) The epi-
demiology and natural history of NIDDM-lessons
from the South Pacific. Diabetes Metab Rev 6:91—
124

Zimmet P, O’'Dea K (1993) Thrifty genotypes. In
Leslie RDG (ed), Causes of diabetes: genetic and
environmental factors. John Wiley & Sons, Ltd.,
Chichester, England, pp 269-90

Ravussin E, Valencia ME, Esparza J, et al (1994)
Effects of a traditional lifestyle on obesity in Pima
Indians. Diabetes Care 17:1067-74

Szathmary EJE (1994) Non-insulin-dependent dia-
betes mellitus among Aboriginal North Americans.
Annu Rev Anthropol 23:457-82

Weatherall DJ (1996) The genetics of common dis-
eases: The implications of population variability. In
Chadwick D, Cardew G (eds), Variation in the hu-
man genome. Wiley & Sons, New York, pp 300-8
O’Dea K (1997) Clinical implications of the ‘thrifty
genotype’ hypothesis: Where do we stand now?
Nutr Metab Cardiovasc Dis 7:281-4

Rosenbaum M, Leibel RL, Hirsch J (1997) Obesity.
N Eng J Med 337:396-407

Mayberry RH, Lindeman RD (1963) A survey of
chronic disease and diet in Seminole Indians in
Oklahoma. Am J Clin Nutr 13;127-34

Johnson JE, McNutt CW (1964) Diabetes mellitus
in an American Indian population isolate. Tex Rep
Biol Med 22:110-125

Miller M, Burch T, Bennett PH, et al (1965) Preva-
lence of diabetes mellitus in the American Indians:
Results of glucose tolerance in the Cherokee Indi-
ans of North Carolina. Arch Intern Med 116:842-5
Stein JH, West KM, Robey JM, et al (1965) The
high prevalence of abnormal glucose tolerance in
the Cherokee Indians of North Carolina. Arch In-
tern Med 116:843-5

Saiki JH, Rimoin DL (1968) Diabetes mellitus
among the Navajo. I. Clinical features. Arch Intern
Med 122:1-5

Henry RE, Burch TA, Bennett PH, et al (1969) Dia-
betes in the Cocopah Indians. Diabetes 18:33-7
Frohman LA, Doeblin TD, Emerling FG (1969) Dia-
betes in Seneca Indians: Plasma insulin responses
to oral carbohydrates. Diabetes 18:38-43
Doeblin TD, Evans K, Ingall GB, et al (1969) Diabe-

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

tes and hyperglycemia in Seneca Indians. Human
Hered 19:613-627

United States.Congress.Senate.Committee on
Government Operations.Permanent Subcommittee
on Investigations (1974) Hearings on indian Health
Care. Government Printing Office, Washington, DC
Spielman RS, Fajans SS, Neel JV, et al (1982) Glu-
cose tolerance in two unacculturated indian tribes
of Brazil. Diabetologia 23:90-93

Tattersall RB (1974) Mild familial diabetes with
dominant inheritance. Q J Med 43:339-57
Spielman RS, Nussbaum RL (1992) Dual develop-
ments in diabetes. Nat Genet 1:82-3

Fajans SS, Bell Gl, Bowden DW, et al (1994) Matu-
rity-onset diabetes of the young. Life Sci 55:413-
422

Froguel B, Vaxillaire M, Velho G (1997) Genetic and
metabolic heterogeneity of maturity-onset diabe-
tes of the young. Diabetes Rev 5:123-30
Horikawa Y, lwasaki N, Hara M, et al (1997) Muta-
tion in hepatocyte nuclear factor-18 gene (TCF2)
associated with MODY. Nat Genet 17.384-5
Waterworth DM, Bennett ST, Gharani N, et al (1997)
Linkage and association of insulin gene VNTR regu-
latory polymorphism with polycystic ovary syn-
drome. Lancet 349:986-90

Raffel LJ, Robbins DC, Norris JM, et al (1996) The
GENNID Study. A resource for mapping the genes
that cause NIDDM. Diabetes Care 19:864-72
Bogardus C, Lillioja S, Nyomba BL, et al (1989)
Distribution of in vivo insulin action in Pima Indians
as mixture of three normal distributions. Diabetes
38:1423-32

Mitchell BD, Kammerer LM, Hixon JE, et al (1995)
Evidence for a major gene affecting post-challenge
insulin levels in Mexican Americans. Diabetes
44:284-9

Hanis CL, Boerwinkle E, Chakraborty R, et al (1996)
A genome-wide search for human non-insulin-de-
pendent (type 2) diabetes genes reveals a major
susceptibility locus on chromosome 2. Nat Genet
13:161-6

Chakraborty R, Ferrell RE, Stern MP, et al (1986)
Relationship of prevalence of non-insulin-depen-
dent diabetes mellitus with Amerindian admixture
in the Mexican Americans of San Antonio, Texas.
Genet Epidemiol 3:435-54

Schermacher MC, Hasstedt SJ, Hunt SC, et al
(1992) Major gene effect for insulin levels in famil-
ial NIDDM pedigrees. Diabetes 41:416-23

Bell GI, Selby MJ, Rutter WJ (1982) The highly poly-
morphic region near the human insulin gene is
composed of simple tandemly repeating se-
quences. Nature 295:3135

Bennett ST, Todd JA (1996) Human type 1 diabe-
tes and the insulin gene: Principles of mapping
polygenes. Annu Rev Genet 30:343-370

Neel JV, Fajans SS, Conn JW, et al (1965) Diabetes
meliitus. In Neel JV, Shaw MW, Schull WJ (eds),
Genetics and the epidemiology of chronic dis-
eases. Government Printing Office, Washington,
DC, pp 105-32

McCance DR, Pettitt DJ, Hanson RL, et al (1994)
Glucose insulin concentrations and obesity in child-
hood and adolescence as predictors of NIDDM.

Nutrition Reviews®, Vol. 87, No. 5



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Diabetologia 37:617-23

Sims EAH, Berchtold P (1982) Obesity and hyper-
tension: Mechanisms and implications for manage-
ment. JAMA 24:49-52

Kaplan NM (1989) The deadly quartet: Upper body
obesity, glucose intolerance, hypertriglyceridemia,
and hypertension. Arch Intern Med 149:1514-20
Gillum RF (1987) The association of body fat distri-
bution with hypertension, hypertensive heart dis-
ease, coronary heart disease, diabetes, and car-
diovascular risk factors in men and women aged
19-79 years. J Chron Dis 40:421-8

McKeigue PM, Shah B, Marmot MG (1991) Rela-
tion of central obesity and insulin resistance with
high diabetes prevalence and cardiovascular risk
in South Asians. Lancet 337:382-6

Landsberg L (1986) Diet, obesity, and hyperten-
sion: An hypothesis involving insulin, the sympa-
thetic nervous system, and adaptive thermogen-
esis. Q J Med 61:1081-90

Reaven GM (1988) Role of insulin resistance in
human disease. Diabetes 37:1595-607
Bjorntorp P (1992). Abdominal obesity and the
metabolic syndrome. Ann Med 24:465-8

Neel JV, Julius S, Weder A, et al (1998) Syndrgme
X: Is it for real? Genet Epidemiol 15:19-32

Barker DJP, Hales CN, Fall CDH, et al (1993) Type 2
(non-insulin-dependent) diabetes mellitus, hyperten-
sion and hyperlipidemia (syndrome X): Relation to
reduced fetal growth. Diabetologia 36:62-7

Eaton SB (1999) Where’s the beef? Evolution, body
composition, and insulin resistance. In prepara-
tion.

Lee RB (1968) What hunters do for a living, or how
to make out on scarce resources. In Lee RB, DeVore
| (eds), Man the hunter. Aldine, New York, pp 30-48
Hill K, Hawkes K, Hurtado M, et al (1984) Seasonal
variance in the diet of Ache hunter-gatherers in
eastern Paraguay. Human Ecology 12:101-135
Heini AF, Mingholli G, Diaz E, et al (1995) Free-
living energy expenditure assessed by two differ-
ent methods in lean rural Gambian farmers. Am J
Ciin Nutr 61:893

Shimamoto T, Komachi Y, Inada H, et al (1989)
Trends for coronary heart disease and stroke and
their risk factors in Japan. Circulation 79:503-15
Ministry of Agriculture FaF (1995) Household food
consumption and expenditure, 1990. With a study
of trends over the period 1940-1990. HSMO, Lon-
don, pp. 55-114

Brand Miller JC, Colagiuri S (1994) The carnivore
connection: Dietary carbohydrate in the evolution
of NIDDM. Diabetologia 37:1280-6

Neel JV, Weder A, Julius S (1998) Type |l diabetes,
essential hypertension, and obesity as “syndromes
of impaired genetic homeostasis:” The “thrifty geno-
type” hypothesis enters the 21st century. Perspect
Biol Med 42:44-74

Nutrition Reviews®, Vol. 57, No. 5

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Julius S, Pascual AV, London R (1971) Role of para-
sympathetic inhibition in the hyperkinetic type of
borderline hypertension. Circulation 44:413-8
Canessa ML, Adragna N, Solomon HS, et al (1980)
Increased sodium-lithium countertransport in red
cells of patients with essential hypertension. N Eng
J Med 302:772-6

Clarke WR, Lauer RM (1993) Does childhood obe-
sity track into adulthood? Crit Rev Food Sci Nutr
33:423-30,

Guo SS, Roche AF, Chumlea WC, et al (1994) The
predictive value of childhood body mass index val-
ues for overweight at age 35 y. Am J Clin Nutr
59:810-9

Brook CGD (1977) Genetic aspects of obesity.
Postgrad Med J. 53:93-9

Agras WS, Kraemer HC, Berkowitz R, et al (1987)
Does a vigorous feeding style influence early de-
velopment of adiposity? J Pediatr 110:799-804
Item in Ann Arbor [MI] News, Oct 14, 1996
Gortmaker SL, Dietz WH, Sobol AM, et al (1987)
Increasing pediatric obesity in the United States.
Am J Dis Child 141:535-41

Caro JF, Sinha MK, Kolaczynski JW, et al (1996)
Leptin: The tale of an obesity gene. Diabetes
45:1455-62

Lewontin RC (1992) Biology as ideology/the doc-
trine of DNA. Harper Perennial, New York
Strohman RC (1993) Ancient genomes, wise bod-
ies, unhealthy people: Limits of a genetic para-
digm in biology and medicine. Perspect Biol Med
37:112-45

Cook-Deegan R (1994) The gene wars. Norton,
New York

Gest H (1996) Longest and dullest scientific books
of the twentieth century. Perspect Biol Med 40:108-
17

Neel JV (1961) A geneticist looks at modern medi-
cine. Harvey Lectures 36:127-50

Neel JV (1994) Physician to the gene pool. John
Wiley & Sons, New York

Lederberg J. Molecular biology, eugenics, and eu-
phenics. Nature 1963;198:428-9

Eaton SB, Shostak M, Konner M (1988) The Pale-
olithic prescription: a program of diet and exercise
and a design for living. Harper & Row, New York
Eaton SB, Eaton Il SB, Konner MJ (1997) Pale-
olithic nutrition revisited: A twelve-year retrospec-
tive on its nature and implications. Eur J Clin Nutr
51:207-16

Wassertheil-Smoller S, Oberman A, Blaufox MD, et
al (1992) The Trial of Antihypertensive Interven-
tions and Management (TAIM) study. Final results
with regard to blood pressure, cardiovascular risk,
and quality of life. Am J Hypertension 5:37-44
Appel LJ, Moore TJ, Obarzanek E, et al (1997) A
clinical trial of the effects of dietary patterns on blood
pressure. N Eng J Med 336:1117-24

S9



