
Reaven, not for the first time, has provided a
thoughtful and thought-provoking proposal placing
insulin resistance in muscle as the central, genetically
determined, factor in the aetiology of non-insulin-de-
pendent diabetes mellitus (NIDDM). In his present
synthesis he extends this proposal to embrace the
evolutionary debate, largely triggered by Neel in
1962 [1], as to why such a, currently, deleterious ge-
netic endowment should have survived natural selec-
tion over the previous several thousand years of hu-
man evolution. He concludes, as did Wendorf and
Goldfine in 1991 [2], that muscle insulin resistance is
the key feature that favoured the survival of primitive
man, i. e. characterises the ªthrifty genotypeº pro-
posed by Neel. Reaven, however, is now more me-
chanistically specific as to why insulin resistance in
muscle would provide a survival advantage under
primitive, early human living conditions. In doing
this he draws upon earlier work from Cahill's labora-
tory emphasising the critical problem in human star-
vation of maintaining a nutrient supply to the brain
and yet not degrading major amounts of body protein
to produce the glucose which might be needed to
achieve this. Cahill's studies showed that this pro-
blem was solved by the brain using b-hydroxybuty-
rate and acetoacetate as alternative fuels during star-
vation with a consequent reduction in the otherwise
essential oxidation of glucose [3±5]. Reaven now sug-
gests that in addition to this general basic mechanism,
people with an NIDDM genotype, take up less glu-
cose in muscle due to their insulin resistance, have
consequently higher plasma insulin concentrations
and this serves to conserve muscle protein (presum-
ably due to insulin's known actions to enhance mus-

cle amino acid uptake, increase protein synthesis
and inhibit proteolysis ± see below).

In reviewing this proposal we shall first consider
what the evidence is that, by the single device of ren-
dering muscle insulin resistant to its action on glucose
disposal as seen in NIDDM, muscle protein conserva-
tion during starvation would result. Then we shall re-
turn to the thrifty genotype proposal to assess what is
the current status of this hypothesis in the under-
standing of the pathophysiology of NIDDM.

It is well established that insulin acts to both stimu-
late protein synthesis and inhibit proteolysis in vitro
[6]. However in vivo the primary effect of insulin on
protein metabolism appears to be inhibition of pro-
teolysis and the key target tissue appears to be skele-
tal muscle [7]. It may be expected that in insulin resis-
tant states there may be increased proteolysis in mus-
cle. However, consistent with Reaven's current pro-
posal it has been reported that skeletal muscle pro-
teolysis is reduced in NIDDM [8]. The molecular ba-
sis of the antiproteolytic action of insulin is not well
understood. There is evidence that the insulin signal-
ling pathway to inhibition of proteolysis and that to
stimulation of glucose transport may differ. This is
suggested by the observation that proteolysis in hu-
man skeletal muscle is more sensitive than glucose
uptake to physiological increments in insulin [9]. In
addition recent studies have suggested that phospha-
tidylinositol (PI) 3-kinase and p70 S6 kinase are both
involved in the signalling of insulin's antiproteolytic
action [10]. PI 3-kinase is also thought to play a key
role in the regulation of glucose transport by insulin
[11]. In contrast p70 S6 kinase is not thought to be
necessary for stimulation of glucose transport by in-
sulin [11]. This apparent divergence of insulin signal-
ling pathways to glucose transport and proteolysis
raises the possibility that they could be differentially
regulated and that there may be selective resistance
to insulin. This possibility is supported by the obser-
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vation that during short-term fasting muscle remains
sensitive to insulin's antiproteolytic action despite
the presence of a marked impairment in insulin medi-
ated glucose disposal [12]. There are a number of ex-
amples where resistance to insulin is observed in one
downstream pathway and not others. For example in
pseudoacromegaly, which is associated with severe
insulin resistance, resistance to the metabolic actions
of insulin are observed [13]. However, patients re-
main sensitive to the mitogenic actions of insulin. An
example of selective resistance to different metabolic
actions of insulin can be seen in people with essential
hypertension. A reduction in the ability of physiologi-
cal insulin concentrations to stimulate whole body
glucose uptake is observed. However a number of
other actions of insulin (e.g. suppression of hepatic
glucose output, lipolysis and lipid oxidation) are un-
affected [14].

Reaven's proposal is dependent on NIDDM sub-
jects being sensitive to insulin's anti-proteolytic ac-
tion while being resistant to the stimulation of glu-
cose disposal by insulin. In the absence of a more
complete delineation of the respective pathways of
insulin stimulation of glucose disposal and prevention
of protein degradation it is difficult to propose, at the
molecular level, mechanisms by which they may be
differentially controlled. It is therefore equally diffi-
cult to test definitively whether such a differential
control has a genetic basis. However if scientific the-
ories or explanations survive by natural selection
(which they surely do in a Popperian view of the ad-
vancement of scientific knowledge) then one must
conclude that the thrifty genotype hypothesis of
Neel is pretty ªfitº in Darwinian terms. It therefore
behoves those of us who would see it superseded to
explain why it has survived so long and in turn to at-
tempt to produce a replacement.

ªFitnessº features of the hypothesis are that it is:

i) intellectually attractive in conceptually aligning
survival of ªdiabetogenesº with the malaria-related
survival of genetic abnormalities of human red cells
[15]. This of course ignores the fact that the original
hypothesis was misconceived by regarding all dia-
betes (insulin-dependent diabetes mellitus and
NIDDM) as one condition. It was therefore consid-
ered by Neel to be potentially detrimental both dur-
ing the conceptual and preconceptual stages of life
which are vital for biological survival. We now recog-
nise that NIDDM is largely post-reproductive and
therefore natural selection may be partially or totally
ªblindº to its existence. Indeed Neel when he revis-
ited the hypothesis in 1982 pointed out that there
was ªno really solid data on the reproductive handi-
cap conferred by NIDDM in the modern manage-
ment of mother and childº [16]. However, one must
acknowledge many precedents for the thrifty geno-

type hypothesis in (potentially) reaching the ªrightº
answer for the ªwrongº reason.
ii) genetic and we live in the age of the genetic tri-
umphalism [17]
iii) too ill-defined to test. While Neel in 1982 pro-
posed that the way to test the hypothesis was by pro-
spective studies of children, such studies will not nec-
essarily distinguish between the thrifty genotype ver-
sus for example the thrifty phenotype hypothesis
[18]. In two separate studies in children we have
shown changes in glucose metabolism to be linked to
birth measurements which we interpret as being of
environmental origin [19, 20]. If the thrifty genotype
hypothesis is not formulated in a manner which can
be tested experimentally then disciples of Popper
would say that it is not a hypothesis at all.

Despite iii) how may it be criticised?

i) The arguments supporting a genetic basis of
NIDDM are weak [21].
ii) There is no precedent for a genetically determined
disease affecting almost half of a number of disparate
populations (American Indians, Pacific Islanders,
Asian Indians).
iii) One of the puzzles of the epidemiology of
NIDDM which has been largely ignored until very re-
cently [22] is why ªWesternisationº of many popula-
tions leads to an explosion of NIDDM and yet one
of the most Westernised populations (Europeans)
could be regarded as being abnormal in having low
rates of NIDDM. The thrifty phenotype hypothesis
actually predicts that improved nutrition over a num-
ber of generations, by improving fetal growth, will
lead to this outcome. Indeed, we believe that this
change is now emerging in Nauru [23]. This rapid
change (in evolutionary terms) is contrary to what
would be predicted by the thrifty genotype hypoth-
esis.
iv) Despite great effort and much expenditure no ge-
netic basis for NIDDM has emerged and recent pan-
genomic searches have been very disappointing.
v) An alternative hypothesis (thrifty phenotype) has
emerged for which there is much circumstantial evi-
dence and which is ultimately testable by interven-
tion studies.

Having pointed out some of the contradictory fea-
tures of these two hypotheses, it is equally important
to recognise one key feature that they have in com-
mon, namely the proposal of an altered metabolic/en-
docrine setting which is favourable to survival under
conditions of poor nutrition. Part of Reaven's hy-
pothesis therefore is independent of how the nature/
nurture argument in NIDDM is resolved. Our under-
standing of the key metabolic/endocrine features
which enhance survival under conditions of poor nu-
trition is still very limited. Is it poor appetite suppres-
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sion in a glut of nutrition, the ability to store and me-
tabolise fat, ketoacidosis resistance, altered water
and electrolyte handling, insulin resistance and re-
duced muscle proteolysis, as Reaven suggests or a
combination of these and still other features? Rea-
ven's hypothesis contains the essential feature of all
useful hypotheses in that it suggests new and feasible
experiments on the way to elucidating this important
area of metabolism.
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