
limiting infarct size and augmenting blood flow to additional
jeopardised zones.4 Moreover, since the use of thrombolytic
agents and aspirin in patients with myocardial infarction
improves short and long term survival we would expect to
have to give any additional treatment for a longer period to a
larger number of patients to show a further reduction in
mortality.
On the other hand, an adverse influence of giving angio-

tensin converting enzyme inhibitors early after myocardial
infarction might result from systemic or direct myocardial
effects of these agents. Systemic hypotension may reduce
coronary perfusion; in the CONSENSUS II trial there was an
increased incidence of first dose hypotension in the enalapril
group (10-5% v 2 5% in placebo group) and mortality was
increased in patients who showed this effect. Myocardial
angiotensin II increases the rate of myocardial protein
synthesis, promotes growth of myocytes, and promotes
collagen expression by fibroblasts,8'0 and large increases in
angiotensin converting enzyme activity are found in the scar
tissue after myocardial necrosis." In the short term these
effects may serve to maintain cardiac structural integrity and
normalise cardiac performance, in part by augmenting
chamber compliance. Thus angiotensin converting enzyme
inhibitors may actually worsen clinical outcome by inhibiting
an early protective effect ofangiotensin II on-cardiac structure.
Do the data from the CONSENSUS II study provide

conclusive proof that giving an angiotensin converting
enzyme inhibitor early produces no survival benefit? The
findings certainly highlight the risk of hypotension; elderly
people and patients with inferior myocardial infarction have a
greater propensity for this complication. On the other hand,
an echocardiographic substudy showed that the increase in
ventricular volume was significantly reduced in the six
months after myocardial infarction, presumably because
of attenuation of remodelling-as supported by the data
from the SOLVD prevention and the SAVE studies. The
factors that could potentially have been influenced by early
angiotensin converting enzyme inhibitor treatment are infarct
size and expansion, and we have no specific data on these.
Indeed, the effect of early treatment on infarct size and
expansion may be seen only in subgroups of patients, and
future studies should be directed at identifying such groups.
Though many issues remain to be resolved, data from the

SOLVD prevention and SAVE trials provide compelling
evidence that patients recovering from myocardial infarction

with asymptomatic left ventricular systolic dysfunction
(ejection fraction equal to or less than 40%) benefit from long
term administration of an angiotensin converting enzyme
inhibitor. While routine, early administration of angiotensin
converting enzyme inhibitors cannot presently be recom-
mended in patients with acute myocardial infarction, this
strategy needs further evaluation in high risk subgroups,
especially patients with large, first anteroapical infarction.
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The thrifty genotype in non-insulin dependent diabetes

The hypothesis survives

In 1962 Neel proposed that the persistence of diabetes
mellitus must mean that the diabetic genotype holds some
survival advantage.' Two decades later, after the clearer
recognition of the distinction between insulin dependent and
non-insulin dependent diabetes mellitus, Neel modified his
hypothesis so that it related specifically to non-insulin
dependent diabetes.2 Despite some scepticism, the "thrifty
genotype" remains a convenient explanation for the extremely
high incidence of non-insulin dependent diabetes that
develops in many populations which have experienced rapid
socioeconomic modernisation during this century.3"
The thrifty genotype is thought to have offered a survival

advantage to individuals in hunter-gatherer and early agri-

cultural societies, who were subject to periods of nutritional
hardship, by favouring fat deposition during periods when
food was abundant. In modern times, when physical activity
has decreased and calories are in constant supply (usually in
an energy dense form high in fat and simple carbohydrates),
the genotype has become disadvantageous and favours the
development ofobesity and non-insulin dependent diabetes.24
Central to the need for the thrifty genotype hypothesis is the
assumption that, when expressed, non-insulin dependent
diabetes was associated with diminished fertility (at least
before the advent of modern medicine). Certainly, a repro-
ductive handicap has recently been shown in young Nauruan
women with early onset non-insulin dependent diabetes.7
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Whether or not humans with a thrifty genotype did in
the past (or continue to) better survive periods of famine
has not been directly proved. This assumption rests largely
on the observation of high susceptibility to non-insulin
dependent diabetes in populations known historically to
have experienced such episodes. North American Indians,'
Polynesian and Micronesian Pacific islanders,347 Australian
Aborigines,9 and Asian Indians'"" are usually considered
in these terms, but it is not known whether all human
populations previously subject to severe "feast and famine"
conditions have a thrifty genotype.

Recently some migrant African and Chinese populations
have also been found to be susceptible to non-insulin depend-
ent diabetes,'0 11 and people of European origin might be the
only true "low susceptibility" group. As Weatherall suggested
in his 1992 Harveian oration,6 this implies either that the
positive selective forces favouring the thrifty genotype were
not as strong in Europeans or that the negative selective
forces of a sedentary, well nourished lifestyle have operated
for sufficiently long to diminish the frequency ofthe genotype.
Whatever the case, non-insulin dependent diabetes in Euro-
peans tends to occur in middle or older age, after completion
of the reproductive phase in women, and contrasts with the
early age of onset and severity of the disease observed in
populations such as Nauruans.7

Experimental support for the thrifty genotype comes from
work in rodents showing that strains susceptible to obesity
and diabetes have lower metabolic rates, defective thermo-
regulatory mechanisms, and an enhanced ability to store food
as fat and to survive prolonged fasting.'2 Prospective studies
in Pima Indians indicate that "thrifty" lower metabolic rates
in humans may favour weight gain.'3 The metabolic expres-
sion of the thrifty genotype favouring non-insulin dependent
diabetes would appear to be via selective tissue insulin
resistance and relatively high basal and stimulated insulin
concentrations. Under modern conditions these promote
obesity and a vicious cycle of increasing insulin resistance
and compensatory hyperinsulinaemia, leading ultimately to
pancreatic , cell decompensation and frank diabetes.4

Adapting data from known insulin resistant states such as
obesity and non-insulin dependent diabetes, O'Dea has
recently theorised on the nature of metabolic adaptations
which might have favoured survival in Australian Abori-
gines in the context of their traditional hunter-gatherer diet,
where "feasts" on wild animals such as kangaroos were
characteristically high in protein and relatively low in fat and
carbohydrate.9 In this case, selective insulin resistance in liver
would promote conversion of dietary protein to glucose and
fat via active hepatic gluconeogenesis, which is not sensitive
to insulin suppression, and lipogenesis, which is insulin
sensitive. Meanwhile, fat accumulation would be encouraged
by insulin sensitive adipose tissue and the relative resistance
to glucose uptake in skeletal muscle.9 This concept ofselective
insulin resistance is not new and has been well demonstrated
in animal models.'2

In a recent publication Wendorf and Goldfine have related
apparent variation in susceptibility to non-insulin dependent
diabetes among North American Indian tribes to the timing
of migrations into the continent.8 They have hypothesised
that a "thrifty genotype" may have been selected around
10000-11 000 years ago in a subgroup of ancestral Indians
with a particular reliance on vanishing big game species such
as mammoths. While difficult to prove, the development
of such hypotheses at least indicates that researchers are
attempting to justify reliance on the thrifty genotype
to explain variation in non-insulin dependent diabetes
frequency.

In Pima Indians a considerable body of work favours a

selective insulin resistance in muscle as the metabolic expres-
sion of the thrifty genotype. This includes the demonstration
that insulin action appears to aggregate in families'4 and that
its distribution is compatible with a single gene codominant
mode of inheritance.'5 None the less, except for specific
mutations to key enzymes in rare syndromes of familial
diabetes and the recently identified link between some
kindreds of maturity onset diabetes of the young and
mutations to the glucokinase gene in liver and ,B cells,'6 the
gene(s) causing the bulk of cases of non-insulin dependent
diabetes remain obscure. While a single defect may be
responsible in small unique populations such as Pima Indians
and Nauruans,34 in larger high prevalence populations a
polygenic causation is most likely.

It would be too much to expect convergent evolution to
have produced a single thrifty genotype in all populations by
chance, and the most likely situation is that several genes have
been selected in different combinations, in different popula-
tions, to produce a phenotypically similar syndrome.268
The search for the genes responsible for non-insulin

dependent diabetes continues and may one day offer the
option of high risk or even general population screening, and
perhaps specific gene manipulation therapies. However, even
now the epidemiological evidence for the disadvantages of a
sedentary lifestyle and Western diet in causing current
epidemics of obesity and non-insulin dependent diabetes
in the developing world provides a compelling basis for
promoting primary prevention of these diseases.4 Certainly,
preventive strategies and modern medicine will tend to
counteract negative selective forces and will maintain the
frequency of the thrifty genotype in human populations, but,
as Neel soberly pointed out, "efforts to preserve the diabetes
genotype through this transient period of plenty are in the
interests of mankind,"' for some time in the future we may
again be glad to have it.
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