692

This section looks back to some of the ground-breaking public health papers of the twentieth century, reproducing
them in their original form and adding a commentary on their significance from a modern-day perspective. This month,

“Hilary King and Gojka Roglic review the 1962 paper by James V. Neel on diabetes mellitus. The original paper is

reproduced by permission of the American journal of human genetics.

Diabetes and the "thrifty genotype™:

Commentary

H. King" & G. Roglic?

“The problem of understanding the genetic nature of

man is both a philosophical and, in these days of
rapidly changing environment, a practical challenge...
In this essay an hypothesis has been advanced which
envisions diabetes mellitus as an untoward aspect of a
‘thriftiness’ genotype which is less of an asset now
than in the feast-and-famine days of hunting and
gathering cultures.”

It was in 1962 that the geneticist James V. Neel
invoked a hypothesis to explain the appatent paradox
that diabetes mellitus, thought to be genetically
determined and environmentally triggered, should be
common, despite sometitmes presenting early in life
and leading to severe consequences, which may
interfere with reproduction — factors which should
mitigate against its genetic selection (7). At that time
diabetes epidemiology was in its infancy, but it was
already known that the disease was particulatly
common among certain indigenous North American
tribes. Neel proposed that a “thrifty” metabolism
would confer a survival advantage to hunter-gatherer
societies when faced with intermittent supplies of
food, by permitting them to store excess energy in
times of plenty, for subsequent utilization in times of
want. In the modern setting, with regular food
supplies, this thrifty metabolism would lead to a
tendency towards obesity, insulin resistance and
glucose intolerance.

Neel developed his proposal in the days before
a clear distinction had been made between the
pathogenesis of type 1 (also known as insulin-
dependent) and type 2 (or non-insulin-dependent)
diabetes (2). When, in due cousse, the hypothesis was
applied selectively to type 2 diabetes, with its later
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onset and association with obesity and insulin
resistance, it became more coherent and did much
to stimulate eatly population studies of diabetes.

Diabetes epidemiology is unusual in that more
information is available for developing countries,
and the minotity populations of the developing
countries, than for most populations of European
otigin. A review of the available data (3) has clearly
demonstrated that type 2 diabetes occurs frequently
(prevalence > 10%) among adults in a2 number of
developing countries or among minority populations
which fulfil the criteria for natural selection of thrifty
genes — a formerly harsh natural environment and
restricted ancestral genetic admixture, as well as their
expression — recent socioeconomic modernization,
with consequent impact on nutritional habits and
exercise patterns. The result has been the develop-
ment of obesity, insulin resistance and glucose
intolerance, frequently with concomitant hyper-
tension and hypetlipidaemia (4) — a condition now
most often referred to as the “metabolic syndrome”.
Latest projections predict a doubling of the number
of people affected by diabetes over the next quarter
of a century, from 150 million in the year 2000 to
300 million in the year 2025 (5).

These findings have been broadly supportive
of Neel’s hypothesis, which has been reappraised on
several occasions (6, 7). One study even examined
archaeological evidence and concluded that variation
in susceptibility to diabetes among North American
Indian tribes could be accounted for by the food
preference (continued reliance on Arctic-style,
unpredictable big game hunting, or generalized
hunter-gathering) of the first wave of migrants
(palaco-Indians) after they moved southwards as
the glaciers of the last ice age retreated (§). The
authors concluded that the formative period for
selection of the thrifty genes in these populations was
approximately 11 000 years ago, when many big game
species were becoming extinct in temperate North
America. Indian groups which migrated eastwards ot
westwards along the ice margins did not have to adapt
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to a rapid and radical change of environment, and
were not subject to such selection pressure.

As the epidemiological map of diabetes
unfolds, it is becoming appatent that it is not the
high prevalence, non-European populations which
are unusual, but rather that European populations are
unusual in their comparatively low prevalence of
diabetes among adults (ca. 5%). A symposium
devoted to Neel’s hypothesis, held in Auckland in
1994, noted that it might be “BEutocentric” to treat
European populations as the notm, and to look for
explanations for the higher prevalence found in other
ethnic groups (7). Rather, it might be useful to search
for putative selection pressures which could account
for a reduced susceptibility to type 2 diabetes in
European populations. However, the review con-
cluded that the thrifty genotype hypothesis remains
helpful as an explanation of selection pressures which
predispose to obesity, insulin resistance and glucose
intolerance.

Recently, fresh interest and attention has been
brought to the subject by the work of Hales & Barker,
who noted that low birth weight was associated with
subsequent type 2 diabetes and cardiovascular
disease in an English cohort. They proposed a
“thrifty phenotype” hypothesis (9), which they
consider a challenge to Neel’s theory. It is also of
note that adult Nauruans, with their exceptionally
high prevalence of type 2 diabetes (ca. 30%) (70),
suffered great nutritional hardship duting the Second
World War, but subsequently became affluent. This
could suggest a cohort effect of fetal and infant
undernutrition, combined with an abundant food
supply later in life, as a possible explanation for the
recent epidemic of type 2 diabetes among Nautuans.
Recently, a decline in the incidence of diabetes has
been observed among Nauruans (77), which Hales &
Barker (9) attribute to improved fetal and infant

Diabetes mellitus: a detrimental “thrifty” genotype?

nutrition among subjects botn after 1945. However,
the original investigators offered another explana-
tion: a fall in the population frequency of the

_susceptible genotype due to the severity of the

epidemic. A highprevalence of diabetes has also been
observed among Ethiopian Jews who migrated to
Israel after surviving famine conditions in their native
country (72).

Among Pima Indians, who suffer from a
prevalence of type 2 diabetes as high as that of
Nauruans, both low and high birth weight have been
shown to be associated with subsequent diabetes,
although approximately 90% of Pimas with diabetes
had a birth weight within the normal range (73).
McCance et al. concluded that the association with
low birth weight could be explained by the selective
survival in infancy of low-bitth-weight infants
predisposed to insulin resistance, thus reinstating
the genetic explanation. -

Neel’s hypothesis cannot be proven histori-
cally, and type 2 diabetes is now considered to be a
polygenic disease, with different genes likely to
confer susceptibility in different populations. How-
ever, as an ingenious explanation for a disorder which
constitutes a major epidemic of our times, it has so far
survived almost 40 years of critical appraisal. Thanks
to its rival hypothesis, the debate has even intensified
during the past decade, during which it has
increasingly centred around the underying patho-
physiclogical mechanism (74, 75).

Whether for or against the thrifty genotype
hypothesis, epidemiologists and other scientsts are
likely to continue to be inspired by it to study the
frequency, etiology and pathophysiology of type 2
diabetes and associated disorders for some time to
come. This ,ongoing research is probably Neel’s
greatest legacy. W

References

1. Neel JV. Diabetes meilitus: a thrifty genotype rendered
detrimental by progress? American journal of human
genetics, 1962, 14: 353-362.

2. WHO Expert Committee on Diabetes Mellitus. Second Report of
the WHO Expert Committee. Geneva, World Health Organization,
1980 (WHO Technical Report Series, No. 646).

3. King H et al. Global estimates for prevalence of diabetes and
impaired glucose tolerance in aduits. Diabetes care, 1993,

16: 157-177.

4. Reaven GM, Role of insulin resistance in human disease.
Diabetes, 1988, 37. 1595-1607.

5. King Hetal. Global burden of diabetes, 1995-2025. Prevalence,
numerical estimates and projections. Diabetes care 1998,
21:1414-1431,

6. Dowse G, Zimmet P. The thrifty genotype in non-insulin
dependent diabetes. The hypothesis survives. British medical
Journal, 1993, 306: 532~533.

7. Swinburn BA. The thrifty genotype hypothesis: how does it look
after 30 years? Diabetic medicine, 1996, 13: 695-699.

Bulletin of the World Health Organization, 1999, 77 (8)

8. Wendorf M, Goldfine ID. Archaeology of NIDDM. Excavation of
the "thrifty” genotype. Diabetes, 1991, 40: 161-165.

9. Hales CN, Barker DJP. Type 2 {non-insulin-dependent) diabetes
mellitus: the thrifty phenotype hypothesis. Diabetologia, 1992,
35: 595-601.

10. Zimmet P et al. The high prevalence of diabetes mellitus,
impaired glucose tolerance and diabetic retinopathy in Nauru —
the 1982 survey. Diabetes research, 1984, 1: 45-51.

11. Dowse G et al. Decline in incidence of epidemic glucose
intolerance in Nauruans: implications for the “thrifty genotype”.
American journal of epidemiology, 1991, 133: 1093-1104.

12. Cohen MP et al. High prevalence of diabetes in young adult
Ethiopian immigrants to Israel. Diabetes, 1988, 37. 824~828.

13. McCance DR et al. Birth weight and non-insulin-dependent
diabetes: thrifty genotype, thrifty phenotype, or surviving small
baby genotype? British medical journal, 1994, 308: 942-945,

14. Reaven GM. Hypothesis: muscle insulin resistance is the
("not-so”) thrifty genotype. Diabetologra, 1998, 41: 482484,

15. Ozanne SE, Hales CN. Thrifty yes, genetic no. Diabetologia,
1998, 41: 485-487.

693



THE AMERICAN JOURNAL

of
HUMAN
GENETICS

Diabetes Mellitus: A “Thrifty” Genotype
Rendered Detrimental by “Progress”?

JAMES V. NEEL
Department of Human Genetics,
University of Michigan Medical School,
Ann Arbor, Mich.

FOR THE POPULATION GENETICIST, diabetes mellitus has long presented an
enigma. Here is a relatively frequent disease, often interfering with reproduc-
tion by virtue of an onset during the reproductive or even pre-reproductive years,
with a well-defined genetic basis, perhaps as simple in many families as a single
recessive or incompletely recessive gene (cf. Allan, 1933; Pincus and White,
1933, 1934; Harris, 1950; Steinberg and Wilder, 1952; Lamy, Frézal and de
Grouchy, 1957; Steinberg, 1959; Post, 1962a). If the considerable frequency
of the disease is of relatively long duration in the history of our species, how
can this be accounted for in the face of the obvious and strong genetic selection
against the condition? If, on the other hand, this frequency is a relatively recent
phenomenon, what changes in the environment are responsible for the increase?
Current developments in the study of this disease suggest an explanation with
important biological ramifications.

“THRIFTINESS” OF DIABETIC GENOTYPE PRIOR TO ONSET OF
DIABETES MELLITUS :

There is now much evidence to indicate that the individual predisposed to
diabetes differs metabolically from the non-predisposed from birth onward.
The frequency of over-sized infants among the offspring of women with overt
or subclinical diabetes is well known (e.g., Bowcock and Greene, 1928; Bix,
1933; Allen, 1939; Miller, 1945, 1956; Kriss and Futcher, 1948; Gonce,
1949; Gilbert, 1949; Brosset and Werks, 1950; Moss and Mulholland, 1951;
Jackson, 1952; Pirart, 1955; Hsia and Gellis, 1957, etc.). This phenomenon,
which may antedate the development of clinical diabetes by 30 years, has
customarily been regarded as an expression of the mother’s diabetes. The difh-
culties in duplicating this phenomenon in experimental animals rendered dia-
betic by alloxan (Miller, 1947, but see Lazarow, Kim and Wells, 1960) leaves
some room for doubt as to whether this concept offers a complete explanation.
Maternal genotype and phenotype may be only one factor in the etiology of the
phenomenon. Inasmuch as from the genetic standpoint these children constitute
a high risk group, and in view of the report that the juvenile diabetic at birth
averages some 100 grams heavier than his non-diabetic siblings (Nilsson, 1962,
but see White, 1960), the possibility must be considered that this phenom-
enon is also in part an expression of the infant’s predisposition. Some evi-
dence to this effect may be drawn from the observations of Sheldon (1949)
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on rapidly developing maternal obesity, in that women who presented with this
problem, of whom a significant proportion had overt or subclinical diabetes
and to whom large infants were often born, themselves often had been large
infants, '

What is lacking is evidence concerning the relative risk of the development
of diabetes in the normal-birthweight siblings of these individuals. Somewhat
more cogent evidence regarding the role of infant genotype in birthweight
comes from-the reports that the infants born to normal mothers with diabetic
husbands also have an increased birthweight (Jackson, 1952; Siegeler and
Siegeler, 1960; Pyke, 1961; Nilsson, 1962). Children who dey elop diabetes
tend to be somatically advanced for their age (White, 1939; Wagner, White -
and Bogan, 1942; Nilsson, 1962). The menarche has occurred, on the average,
about a half to three-quarters of a yvear earlier in the diabetic woman who
developed her disease after the age of 20 than in her siblings who did not
later develop diabetes (Arduino and Ferreira, 1958; Post and White, 1958;
Post, 1962). Theoretically (c¢f. Post and White, 1958) this might lead to
earlier onset of childbearing and even to an increase in average fertility on the
part of those with late-onset diabetes, capable of offsetting, at least in part,
the impaired reproductive performance of those with early onset diabetes. The
actual data on this point are consistent with a fertility differential in favor of
the diabetic, but, as pointed out by Post and White (1958), are inadequate in
several respects. Finally, it has been suggested that the overweight individual
of 40 or 50 with mild diabetes is not so much diabetic because he is obese, as
he is obese because he is of a particular (diabetic) genotype (Vallance-Gwen
and Lilley, 1961b).

The foregoing considerations may be taken to indicate that in the early years
of life the diabetic genotype is, to employ a somewhat colloquial but expressive
term, a “thrifty” genotype, in the sense of being exceptionally efficient in the
intake and/or utilization of food. A frequently mentioned alternative viewpoint,
that diabetes, especially the childhood type, develops in predisposed individuals
who have (unrelated) disturbances in pituitary and.other endocrine functions,
requires the postulate of a second order interaction which seems unnecessary in
view of the evidence that a very high proportion of those genetically predisposed
ultimately develop diabetes (Post, 1962a). The precise physiologic basis for this
“thriftiness” remains unclear. There are obvious possibilities. Thus, if after
stimulation of the islets of Langerhans they continued to function longer in the
predisposed than in the normal, this could depress the blood sugar level unduly,
resulting in hunger and an increased food intake. In this connection, Seltzer,
Fajans and Conn (1956) have emphasized the frequency of mild spontaneous
hypoglycemia in early diabetics following a glucose tolerance test. They inter-
preted this as due to a lag in insulin production in response to the stimulus of a
rising blood sugar level, resulting in a supernormal stimulus to the islets of
Langerhans, followed by discharge of an amount of insulin sufficient to pro-
duce transient hypoglycemia. In the light of developments to be mentioned
shortly, one can question whether this lag in insulin production, for which
there is not only indirect but (see below) direct evidence, is real or only ap-
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parent; the important fact at this point is the occurrence of hypoglycemia in
some early diabetics following glucose loading.

A second possible mechanism to be considered involves a pancreas more
rapidly responsive to increases in the level of blood glucose. In this connection
it must be remembered that during the first 99 per cent or more of man’s life
on earth, while he existed as a hunter and gatherer, it was often feast or famine.
Periods of gorging alternated with periods of greatly reduced food intake. The
individual whose pancreatic responses minimized post-prandial glycosuria might
have, during a period of starvation, an extra pound of adipose reserve..In this
connection Baird and Farquhar (1962) have recently demonstrated a striking
increase in the ability of newborn infants of diabetic mothers to handle a glucose
load, this accompanied by a marked elevation in plasma insulin-like activity as
evaluated by the rat diaphragm technique. Six infants were tested; all exceeded
the greatest response observed among the six controls. Genetic expectation is for
approximately half of the children of diabetic mothers to develop diabetes. The
fact that all six children exhibited the exaggerated response would seem to
indicate that, like heavy birthweight, this is at least in part a manifestation
of mother’s genotype (i.e., a response to elevated maternal blood glucose levels).
On the other hand, there was considerable variability in the degree of the
response, and the possibility must be considered that the infant’s genotype is
playing a role. Extension of the series and long range follow-up studies would
shed light on this question.

THE PHYSIOLOGIC BASIS FOR DIABETES MELLITUS

These thoughts suggest that the diabetic genotype is at the outset distin-
guished by a greater-than-normal availability of effective circulating insulin at
some stage in the cycle of responses that follow food intake. How to reconcile
this with the relative insufficiency of later years? In the past there have been
vague references to “organ eshaustion.” This suggestion, from its inception
unlikely as a general explanation in view of the great functional reserve of all
endocrine and exocrine glands, has new been' rendered untenable as the
primary cause by a series of develecpments. Some 10 years ago it was demon-
strated that many mild diabetics when in the fasting stage have approximately
normal amounts of plasma insulin-like activity (Bornstein and Lawrence,
1951). Subsequently, with the use of more sensitive techniques (rat diaphragm
technique, immuno-assay), it has been shown that these mild diabetics when
in the fasting state may actually often have somewhat elevated levels of serum
insulin-like activity (Vallance-Owen, Hurlock and Please, 1955; Baird and
Bornstein, 1957; Wright, 1957; Seltzer and Smith, 1959), and although there
is a lag in the response to glucose loading, may ultimately show a much
greater response than normal in terms of serum insulin-like activity (Yalow
and Berson, 1960, 1961). The demonstration of normal fasting levels of serum
insulin-like activity has been extended to severe, young, ketotic diabetic patients
by the rat epididymal fat technique (Steinke, Taylor, and Renold, 1961).
Furthermore, in a group of individuals with a very high expectation on genetic
grounds of developing clinical diabetes (prediabetics), the mean level of serum
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