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The ‘‘thrifty gene hypothesis’’ suggests we evolved genes for efficient food collection and fat depo-
sition to survive periods of famine and that now that food is continuously available, these genes are
disadvantageous because they make us obese in preparation for a famine that never comes. How-
ever, famines are relatively infrequent modern phenomena that involve insufficient mortality for thrifty
genes to propagate. I suggest here that early hominids would have been subjected to stabilizing
selection for body fatness, with obesity selected against by the risk of predation. Around two million
years ago predation was removed as a significant factor by the development of social behavior,
weapons, and fire. The absence of predation led to a change in the population distribution of body
fatness due to random mutations and drift. Because this novel hypothesis involves random drift,
rather than directed selection, it explains why, even in Western society, most people are not obese.
Introduction
Western societies have experienced

an epidemic of obesity during the

twentieth century. The rapidity of the

epidemic indicates it has an environ-

mental cause. Yet, when studies have

investigated the contribution of ge-

netic and shared environmental fac-

tors on individual susceptibility to

obesity, the major effect is genetic

(Perusse et al., 1998). Obesity must

consequently be a result of a gene by

environment interaction. Some indi-

viduals have a genetic predisposition

to become obese that is revealed in

our modern environment. It has been

widely recognized that our genetic

predisposition to obesity lies in our

evolutionary history. Previous evolu-

tionary scenarios are all fundamentally

similar and follow the original proposal

by Neel (1962)—that obesity (and dia-

betes) stem from natural selection on

our ancient ancestors favoring ‘‘thrifty

genes,’’ defined as conferring a pheno-

type of ‘‘being exceptionally efficient in

the intake and/or utilization of food’’

during periods of food abundance.

Neel (1962) argued that such a geno-

type would be advantageous for prim-

itive humans exposed to variation in

food supply because it would allow

them to efficiently deposit fat stores

and hence survive any subsequent
period of famine. In modern society,

however, with plentiful and continuous

food, this thrifty genotype proves dele-

terious because it promotes efficient

storage of fat, in preparation for a fam-

ine that never comes. There have been

many papers reiterating the same gen-

eral theme (e.g., Prentice, 2001, 2005;

Chakravarthy and Booth, 2004; Wells,

2006; Eknoyan, 2006; Watnick, 2006).

I have previously argued the ‘‘famine

and thrifty gene hypothesis’’ is funda-

mentally flawed (Speakman, 2006a,

2006b; see also Benyshek and Wat-

son, 2006). In brief, famines are rela-

tively rare demographic events, occur-

ring only about once every 100 years,

that probably originated during our

transition to an agriculture-based soci-

ety about 10,000 years ago. Where

good data exist, excess mortality dur-

ing famines is low, generally less than

5% per annum, and this mortality falls

predominantly on the old and very

young. Mortality in postreproductive

adults is irrelevant for genetic selec-

tion, and differential mortality in the

very young is unlikely to be biased

toward lean individuals because until

recently obesity was virtually unheard

of in this age group.

Perhaps the strongest evidence

against the thrifty gene and famine hy-

pothesis comes from observations of
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adiposity in modern hunter-gatherer

(HG) and subsistence agriculture (SA)

populations. If there is strong selection

for thrifty genes, then during periods

between famines these populations

should become obese. If they do not,

then it is difficult to see how they would

derive any survival advantage during

the next famine. Table 1 summarizes

some estimates of BMI in HG and SA

populations. Only one study indicated

that the communities were food re-

stricted. Despite being in nonfamine

conditions, the individuals all had

BMIs around 19. Moreover, in the one

example where a population was stud-

ied in drought conditions (Campbell

et al., 2003), no significant differences

in BMI were detected between a SA

population undergoing a drought and

a nomadic HG population that was

not.

If the thrifty gene and famine hypoth-

esis fails to adequately explain the

genetic underpinning of the modern

obesity epidemic, then what are the al-

ternatives? My aim in this commentary

is to introduce a novel evolutionary

scenario for the modern epidemic

that does not hinge on selection of

thrifty genes during periods of famine.

This novel scenario emphasizes the

importance played by release from

predation as a significant factor in our
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Table 1. Body Mass Indices of Hunter-Gatherer and Subsistence Agriculture Communities during Periods between
Famines

Location Population Activity Sex BMI n Reference

Namibia !Kung San HG M 19.4 238 Kirchengast (1998)

F 19.1

Kavango SA M 19.4 156

F 20.3

Cameroon Pygmy HG M and F 19.9-20.9 Kesteloot et al. (1997)

Bantu SA M and F

Australia Aboriginal HG M and F <20.0 Odea (1991)

Paraguay Ache SA Bribiescas (2001)

Kenya Ariaal HG and SA M and F 17.8 56 Campbell et al. (2003)

Ethiopia Elka SA M 19.7 226 Alemu and Lindtjorn (1995)

F 20.0

HG, hunter-gatherer; SA, subsistence agriculture.
evolutionary history, combined with

genetic drift.

The Challenge Facing
Evolutionary Explanations
of the Modern Obesity Epidemic
The major challenge facing any evolu-

tionary explanation of the genetic pre-

disposition to obesity is not to explain

why we get obese, but rather to

explain why only a fraction of the pop-

ulation gets that way. Even in the USA,

35% of the population still has a BMI in

the ‘‘normal’’ range of 17.5 to 25 (Fle-

gal et al., 2002; Ogden et al., 2006).

Any scenario that postulates a selec-

tive advantage for obesity due to thrifty

genes must explain why 35% of the

population apparently did not inherit

these genes. This is a major problem

for any adaptive scenario because

genes that confer even small advan-

tages spread in the gene pool given

sufficient time to propagate.

An Alternative Model
for the Evolution of the Genetic
Predisposition to Obesity
One way that we may gain insight into

the processes that underlie body

weight regulation in early hominids is

to examine the regulation of body

weight in modern wild animals. Stud-

ies of wild small animals indicate that

they have a very strong regulatory sys-

tem for body weight that is highly resis-

tant to perturbations that are brought

about, for example, by modifying their
6 Cell Metabolism 6, July 2007 ª2007 El
diets (e.g., Shaw’s jird, Meriones

shawi, El-Bakry et al., 1999; Siberian

hamster, Phodopus sungorus, Mc-

Elroy et al., 1986). In bank voles (Cleth-

rionomys glareolus, Peacock and

Speakman, 2001), for example, expo-

sure to a high-fat diet does not cause

them to gain weight (Figure 1). Rather

the animals modulate their energy in-

take and elevate their levels of physical

activity so that their weight remains

stable.

It is possible to make small rodents

lose weight by placing them onto

caloric restriction. When this is done

the animals oppose the restriction by

modulating their energy budgets. Con-
sevier Inc.
sequently, after a period of losing

weight the animals come again into

energy balance and remain weight

stable (Hill et al., 1984; Hambly and

Speakman, 2005). If the animals are

then given free access to food they ex-

hibit hyperphagia or sustained reduc-

tions in expenditure (Munch et al.,

1993; Evans et al., 2005; Hambly and

Speakman, 2005), generating rapid

weight gain until their body masses

return to control levels. Similar pat-

terns of response to enforced restric-

tion are observed in humans (Dulloo,

1997). The existence of a post-

restriction hyperphagic response is

important for two reasons. First, it
Figure 1. Response of Wild Small Mammal to High-Fat Diet
Body weights of bank voles (Clethrionomys glareolus) fed either a high-fat diet (HFD, 29% energy
from fat, closed symbols) or standard rodent chow (RM3 pellets, 8% fat, open symbols) for a period
of 28 days. The voles show complete resistance to weight gain when fed the high-fat diet (redrawn
after Peacock and Speakman, 2001).



Cell Metabolism

Commentary
demonstrates that the ani-

mals could eat more food

in the control conditions.

Consequently, their intake

is not constrained by some

quirk of the housing condi-

tions and must be internally

controlled. They do not

simply eat as much as they

can, and their body mass

comes to a dynamic equilib-

rium, where the expenditure

of the expanding tissue

mass balances this maxi-

mal intake (Wirtshafter and

Davis, 1977; Levitsky, 2002;

Speakman, 2004). The sec-

ond aspect of the hyper-

phagia is that it suggests

when the animals come off

restriction they may per-

ceive themselves to be un-

derweight and overeat rela-

tive to controls to redress

this imbalance. One inter-

pretation of these data is

that the animals have a tar-

get body weight that they

regulate around by varying

their food intake and energy

expenditure (Kennedy, 1953;

Keesey and Hirvonen, 1997;

Mercer and Speakman,

2001; Figure 2A). Such ho-

meostatic ‘‘set-point’’ models have,

however, attracted considerable criti-

cism because they are at odds with

many features evident in patterns of

change in animal and human body

weight (Wirtshafter and Davis, 1977;

Berthoud, 2006). An alternative inter-

pretation is that the level of body mass

is not regulated by a target, but rather

is controlled by upper and lower inter-

vention points, above and below which

animals intervene to bring their body

mass back into an ‘‘acceptable’’ range

(Figure 2B: Levitsky, 2002).

What Features Define the Levels
of These Upper and Lower
Intervention Points?
Why, for example, is the lower inter-

vention point not even lower? This

question is equivalent to asking why

lean humans in HG and SA societies

routinely store energy to give them

BMIs in the range from 18–22 (Table 1)

but not BMIs in the range from 10–12.

Small animals like the vole in Fig-

ure 2 probably store fat as an insur-

ance against periods when they have

no access to food supplies. Having

a fat store can make a big difference

for a vole. We have previously mea-

sured the level of energy demands of

free-living field voles (Microtus agres-

tis) using the doubly-labeled water

technique (Speakman, 1998). During

winter, when voles routinely live in

environments where the ambient

temperature can be 30�C–40�C below

their lower critical temperature, DEE is

about 120 kJ/day (Speakman et al.,

2003). Body fat has an energy content

of about 39 kJ/g. If a 20 g vole were to

store only 0.5 g of fat, then it would

have enough energy available to sur-

vive for about 4 hr without feeding.

There is consequently a strong selec-

tive pressure on these animals to store

more fat to avoid the risk of starvation

during minor periods of food insecu-

rity. In fact voles during winter store

about 3 g of fat (Krol et al.,

2005), which is sufficient

for them to survive without

food for about 24 h. This

probably allows the animals

to survive any minor food

security crisis they may

normally encounter in the

wild. There is considerable

evidence, including experi-

mental manipulations, that

wild animals (mostly studied

in birds) regulate their levels

of body fat to match the

stochasticity of food supply

(e.g., Totzke et al., 2000;

Cuthill et al., 2000; Fauchald

et al., 2004).

The level of fat storage in

HG and SA communities is

probably set by similar ef-

fects. They have BMIs of

18–22 rather than 10–12 be-

cause having BMIs at this

much lower level would

make them susceptible to

starvation during minor

periods of food insecurity.

The occurrence of such

periods of minor food in-

security has probably not

changed significantly over

time as humans changed

from HG to SA lifestyles

(Benyshek and Watson, 2006), and

the minimal level of stored fat has sim-

ilarly not changed in modern societies

that practice HG or SA (Table 1). An-

other factor of importance in setting

the minimal level of fat storage is the

impact that such minimal fat reserves,

signaled by circulating leptin levels,

have on puberty and fecundity in fe-

males. Females require a certain level

of circulating leptin to initiate puberty

(Ahima et al., 1997) and to reproduce

(Tataranni et al., 1997). This level is

presumably set by the impact that

a period of food insecurity might have

on the success of reproduction. As

the impact of food insecurity on repro-

duction is likely to be greater than the

impact on survival, this explains why

the minimal level of fat storage in fe-

males is generally greater than that of

males. The ‘‘risk of starvation’’ and

‘‘impact on fecundity’’ explain why

we store the amounts of fat we do

when we are lean but do not explain

Figure 2. Models of Regulation of Body Weight and Fatness
The first (A) is the classical set-point model where compensatory mea-
sures respond as soon as the body mass or body fatness rises above
or falls below the set point of the system. The second (B) has no set
point but instead has upper and lower intervention levels. Body
mass varies at random, or under environmental influences, between
these intervention limits, and physiological compensation mecha-
nisms are only triggered when the mass or fatness varies beyond the
intervention levels.
Cell Metabolism 6, July 2007 ª2007 Elsevier Inc. 7
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why we get obese. To understand that

we need to understand what selective

pressures define the upper interven-

tion point.

If voles were to store 6 or 10 g of fat

they would increase their probability of

surviving longer periods without food.

However, there is a trade-off. Longer

periods of interruption of food supply

become less and less likely to occur,

but carrying around 10 g of fat when

you only weigh 20 g in the first place

brings other problems. The risks of

mortality from predation for voles

are very high (Graham and Lambin,

2002), and the life expectancy of

a bank vole in the wild is consequently

under 4 months. Carrying around a

large fat store may enhance the prob-

ability of surviving a crisis of food

supply, but probably simultaneously

increases the probability of being killed

by a predator. This could be a direct

effect because fat voles are less able

to run away from predators or because

lean voles can escape into refuges that

their predators cannot access (Sundell

and Norrdahl, 2002, Sundell and Ylo-

nen, 2004). Alternatively it could be

an indirect effect because larger size

is correlated with greater energy de-

mands (Speakman et al., 2003) and

therefore requires greater food intake

and a greater time spent foraging

over a wider area. Greater mobility of

voles has been empirically linked to

greater predation risk (Banks et al.,

2000; Norrdahl and Korpimaki, 1998).

There is much evidence to support

this idea. Bank voles in an area of Swit-

zerland where weasels are naturally

less abundant and, hence, mortality

is lower were heavier (Yoccoz and

Mesnager, 1998). Across smaller

areas, and over time, vole body mass

is negatively related to weasel density

(Sundell and Norrdahl, 2002). When

predators were experimentally ex-

cluded from an area in the field, bank

voles (Carlsen et al., 2000) and field

voles (Carlsen et al., 1999) in the pred-

ator-excluded area increased their

body mass but did not in control areas.

Moreover, in the laboratory, bank

voles (W. Tidhar, F. Bonier, and

J.R.S., unpublished data) and field

voles (Carlsen et al., 1999) reduced

their body mass or gained less mass

when they were exposed to the feces
8 Cell Metabolism 6, July 2007 ª2007 El
of a predator but not in response to

the feces of a nonpredator.

These twin constraints probably

explain why voles (and other small

mammals) have very tight regulatory

systems that cannot be perturbed by

changing the fat content of their food

(Figure 1). Considerable research sug-

gests that this fundamental balance

of risks of starvation keeping body

masses up (i.e., setting the lower inter-

vention point) and risks of predation

keeping body masses down (i.e., set-

ting the upper intervention point) is

a key component of body mass regu-

lation in many wild animals—including

both mammals and birds (e.g., Lima,

1986; Witter and Cuthill, 1993; Gosler

et al., 1995; Cuthill et al., 2000).

If the dual intervention point model

(Figure 3; Levitsky, 2002) is correct, it

is clear that differences in individual

susceptibility to obesity may stem

from a separation of the upper and

lower intervention points. Faced with

a situation of positive energy balance,

the individual with his or her upper

and lower intervention points set

closely together, at a low level, will en-

able counterregulatory measures that

the person with widely separated inter-

vention points will not. Given the data

from small mammals and birds it

seems most likely that the lower inter-

vention point is set by evolutionary se-

lection pressures relating to the risk of

starvation, while the upper intervention

point is set by selection pressures

relating to the risks of predation.

Application of the Dual
Intervention Point Model to the
Evolution of Human Body
Weight/Fatness
Our hominid ancestors were very likely

under the same selection constraints

as wild animals are today. If an individ-

ual were to store virtually no body fat

(BMI around 10) they would be at risk

of mortality because of the increased

risk of starvation during any period of

food shortage. I am not referring here

to periods of famine, but to periods of

a few days when the individual failed

to secure food. A second and possibly

much more important factor working

against very low fat storage would be

elevated risk of mortality during con-
sevier Inc.
traction of infectious diseases. Low

body mass might cause poor immuno-

competence, and hence individuals

with very low fat contents may have

been more susceptible to contracting

disease and less able to fight it off.

Additionally, when infected and unable

to forage, these individuals would

have a narrower window during which

they could draw on stored reserves.

Individuals with high levels of fat

storage might never starve during

disease episodes, but would also be

selected against because they would

be less able to avoid predators. This

predation risk would set (in an evolu-

tionary sense) the upper intervention

point.

During the early period of human

evolution between 6 and 2 million

years ago (Pliocene) large predatory

animals were far more abundant than

they are today (Hart and Sussman,

2005). In Africa, these included several

species of sabre-toothed cats such as

Megantereon, several false sabre-

toothed cats in the genus Dinofelis,

conical-toothed cats of the genus

Homotherium, a giant cheetah (Acino-

nyx pardinensis), and some members

of the Felinae in the genus Panthera

that are now extinct, along with mod-

ern representatives of this genus that

are still with us (lion and leopard;

Turner, 1997). In addition to these

members of the cat family there were

also cursorial hunting hyenas (genus

Chasmaporthetes), giant hyenas (Pa-

chycrocuta brevirostris), dog-like

bears (Agriotherium), and expanding

populations of true dogs (Canids).

Our ancestors (Paranthropines and

Australopithecines) were considerably

smaller than modern humans (Kappel-

man, 1996), making them potential

prey to a wide range of predators. In-

deed it has been suggested that the

false sabre-toothed cat Dinofelis may

have been a specialist predator on

Australopithecines (Turner, 1997). Six

percent to 10% of fossil bones of early

hominids (Australopithecus afarensis)

show signs of predation (Hart and

Sussman, 2005), similar to levels

reported in modern day African ungu-

lates. Most bones of other Australo-

pithecines come from assemblages

that reflect predator activity (Pickering

et al., 2004) consistent with the idea
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that early hominids suffered high pre-

dation risks (Brain, 1981). At this stage

of our evolution it seems most likely

that upper and lower intervention

points would have evolved to be rela-

tively close together, and the early

hominids probably had close control

over their body weights, like modern

day wild animals under similar con-

straints (e.g., Figure 1).

Several major events happened in

our evolutionary history around 2 mil-

lion to 1.8 million years ago. The first

was the evolution of social behavior.

This would have allowed several indi-

viduals to band together to enhance

their ability to detect predators and

protect each other from their attacks.

In a similar manner some modern

primates (for example, vervet mon-

keys [Cercopithecus aethiops]) have

evolved complex signaling systems

to warn other members of their social

groups about the approach of poten-

tial predators (Cheney and Seyfarth,

1985). This alone may have been suffi-

cient to dramatically reduce predation

risk (Fuentes, 2006). A second impor-

tant factor was the discovery of fire

(Platek et al., 2002) and tools that

could be used as weapons. Australo-

pithecine bones found in caves do

not have tools or other artifacts associ-

ated with them. The first descriptions

of modified stones for use as tools

date to the Oldowan site 2.6 million

years ago (Susman, 1991), and sys-

tematic tool use was probably not fully

developed until the appearance of

Homo habilis and Homo erectus

around 2 million years ago. Together

fire and weapons would have been

very powerful mechanisms for ances-

tors to protect themselves against

predation, and social structures would

have greatly augmented these

capacities by enabling more rapid

predator detection and effective group

protection systems. Modern apes

such as chimpanzees (Pan troglo-

dytes) also use weapons such as

sticks to protect themselves against

predators, such as large snakes and

leopards (Kortlandt, 1966), or band

together for protection, and it has

been concluded that bands of early

hominids with even quite primitive

tools could easily succeed in defend-

ing themselves in confrontations with
potential predators (Treves and

Naughton-Treves, 1999).

The effective removal of predation

as an evolutionary force is suggested

here to be the most significant evolu-

tionary event in the regulation of our

body fatness because it removes the

selective pressure maintaining the up-

per intervention point (see also Speak-

man, 2004). After the evolution of so-

cial groups and the discovery of fire

and weapons there would have still

been strong disease-related selection

against lowering of the lower interven-

tion point but no selective pressure

constraining the upper intervention

point. Under this scenario mutations

leading to an increase in the upper in-

tervention point would not be removed

by selection, but mutations leading to

reductions in the lower intervention

point would still be selected against.

Over time the upper and lower inter-

vention points would randomly drift

apart.

The key aspect of this ‘‘drift’’ sce-

nario is that the genetic predisposition

to obesity is not interpreted to be an

advantageous characteristic favored

by the process of natural selection

(as in the thrifty gene hypothesis).

Rather it is seen as consequence of

the absence of selection. As such this

model is a ‘‘nonadaptive’’ scenario. I

contend that obesity has never been

advantageous to humans. Moreover,

because the upward drift in the upper

intervention point is presumed to

have occurred at random, this explains

why many individuals still regulate their

body weights in the BMI range from

17.5 to 25. These individuals have

simply not drifted.

Quantification of the
Nonadaptive Drift
Model in Upper
Intervention Points
One feature of the thrifty gene hypoth-

esis is that, despite the plethora of pa-

pers that have reiterated it over the half

century since it was first formulated, it

is still completely anecdotal. No one

has ever attempted to quantify the pre-

dictions of the hypothesis. Can we

quantify the predictions of the non-

adaptive drift hypothesis for the shape

of the modern obesity epidemic? To

predict the distribution of upper inter-
Cell Metab
vention points under an absence of

selection, I have modeled the pattern

making the following assumptions: I

have assumed that the upper interven-

tion point is a polygenic trait that is

influenced by a large number of genes,

each having independent additive ef-

fects. Reviews of the genetics of obe-

sity support this interpretation (Ranki-

nen et al., 2006). Since these genes

are presumed to be independent and

additive we can simplify the model by

considering the situation for a single

gene with large effects. Hence, if we

assume that there is a single gene gov-

erning the upper intervention point and

that mutations in this gene result in in-

creases or decreases in the set point

by 8 BMI units, this is numerically

equivalent to the set point being de-

fined by many independent and addi-

tive genes, with each having a small

impact on BMI. We will take as a start-

ing point the BMI of modern HG com-

munities as an indication of the BMIs

of hominids 1.8 million years ago,

approximately when the predation

transition occurred. These communi-

ties have BMIs centered on a mean

of around 20 (Table 1; Kirchengast,

1998; Kesteloot et al., 1997; Odea,

1991; Bribiescas, 2001; Campbell

et al., 2003; Alemu and Lindtjorn,

1995). Random gene mutations occur

at a rate of about one per generation

(Eyre-Walker and Keightley, 1999;

Crow, 1999), although the actual figure

is widely disputed, and estimates

range over two orders of magnitude.

Human generations last about 25

years, so in 1.8 million years there

have been 72,000 generations. Given

that the human genome consists of

about 25,000 genes (Venter et al.,

2001) and assuming the mutations

occur at random across the genome,

then each gene has on average expe-

rienced about three random mutations

since the predation transition. We will

assume that mutations occurring at

random are equally likely to result in

an increase or a decrease in the upper

intervention point (i.e., on average 1.5

mutations result in positive move-

ments, and 1.5 mutations generate

negative movements) and also that,

in a single-gene model, each mutation

results in an 8 point shift in BMI (either

up or down).
olism 6, July 2007 ª2007 Elsevier Inc. 9
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Because mutations are dis-

continuous events (i.e., there

is no such thing as 1.5 muta-

tions), we will assume that the

actual number of mutations fol-

lows a Poisson distribution with

a mean intensity of the Poisson

process equal to 1.5 mutations

(up and down). Given that mu-

tational events are presumed

to occur at random, we can es-

timate the probability of any

particular combination of num-

bers of mutations leading to in-

creases and decreases in the

upper intervention point by

combining the respective Pois-

son probabilities. For example,

the probability of a lineage

experiencing five mutations

increasing the set point is

0.00154, and the probability of

experiencing three mutations

decreasing the set point is 0.01305.

In combination, therefore, the proba-

bility of experiencing five positive

and three negative mutations comes

out at p = 0.00154 3 0.01305 =

0.0000219, or about two in 100,000

individuals. Since each mutation is as-

sumed to move the upper intervention

point by 8 BMI units, these individuals

would have an upper intervention point

BMI of 20 + (5 3 8) � (3 3 8) = 36. We

will assume that there is no negative

impact of a high intervention point

because these individuals are not

selected against when there is no pre-

dation and that upper intervention

points less then 20 are selected

against because this leads to a conflict

with the low intervention point. Thus

a lineage with one positive and two

negative movements in the upper in-

tervention point will be eliminated be-

cause the resultant upper intervention

point BMI is only 12. We can combine

the probabilities that have resultant

upper intervention points of R20 to

evaluate the resultant drifted distribu-

tion (Figure 3). This distribution shows

the expected pattern of variation in

BMI in a population after 1.8 million

years of absence of selection against

high upper intervention points. This

expected distribution is similar to the

present (2000) distribution of BMI in

the USA (Flegal et al., 2002; NHANES

III data) but suggests the epidemic

may still have some way to go, as the

expected numbers of very obese ex-

ceed the current observation, while

predicted numbers of overweight indi-

viduals are lower than observed. The

important point, however, is not that

the model closely predicts the modern

distribution of body weights because

we do not know how realistic the

model assumptions are. If the upper

intervention point is defined by 20

genes with an effect of 0.1 BMI units,

the predicted distribution would have

much lower numbers of obese, and if

it were governed by 160 genes with

the same effect, it would generate

much greater numbers of obese. The

key point is that approximate parame-

terization of the model results in a

predicted distribution of obesity

phenotypes that is not wildly discor-

dant with the current distribution.

Much better models should be possi-

ble in the future as our knowledge of

the model parameters becomes more

crystallized. The nonadaptive drift in

upper intervention points resulting

from a relaxation in predation risk

starting about 1.8 to 2 million years

ago therefore overcomes the key chal-

lenge facing evolutionary scenarios of

explaining why only a small proportion

of the population gets massively

obese (BMI > 40). No formulation of

the thrifty gene hypothesis has ever

achieved this.

Implications
The model of drifted upper

intervention points has several

implications:

(1) The obesity epidemic is

predicted by this model

to have a limited extent.

Once populations attain

the drifted upper inter-

ventionpoint distribution,

the epidemic will grow

no worse. Unfortunately,

because we know next

to nothing about the ge-

netic basis of the system,

we cannot predict when

this will happen. Recent

evidence, however, sug-

gests that some slowing

of the epidemic in the

US has already occurred

(Ogden et al., 2006).

(2) If the thrifty gene hypothesis is

wrong, then searching for thrifty

genes is a waste of time (see

also Speakman, 2006a). Con-

versely, an important key to

understanding and potentially

discovering new solutions to

the obesity problem is to find

the molecular basis for the upper

intervention point of the sys-

tem—that is, genes that control

body weight/fatness success-

fully in lean individuals that

have become mutated in the

obese. Unfortunately, while we

can postulate that such a sys-

tem exists, and we know sev-

eral likely peripheral signals

that code for fat storage, we

know virtually nothing about

the coding in the brain to which

these levels are compared

to initiate compensatory re-

sponses to reduce weight. I

suggest that once we know

how the upper intervention

point is encoded, manipulating

it will become a rich source

of novel pharmaceutical dis-

covery.

(3) When the upper and lower inter-

vention points for body weight

are well separated there is

scope for a wide range of

factors to act that will influence

the actual attained body

Figure 3. Predicted and Observed Variation in Body
Mass Index
The expected distribution of body mass indices in a population
after 1.8 million years of drift in the presence of strong selection
against reduced lower intervention points, but with no selection
opposing random mutations, causing increased upper inter-
vention points to the control system (blue). The model is based
on estimates for the rates of mutation per generation, human
generation times, and the time period of 1.8 million years since
early hominids dramatically reduced their risks of predation.
The maroon bars show the distribution of BMI in the USA in
2000 (Flegal et al., 2002, NHANES III).
10 Cell Metabolism 6, July 2007 ª2007 Elsevier Inc.
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weight/fatness. It is between

these physiological intervention

points that environmental and

social factors (such as afflu-

ence) can achieve significance.

In the past these social and en-

vironmental factors may have

been the most important fac-

tors influencing whether indi-

viduals achieved their drifted

upper intervention points or

not. Consequently a full theory

will only be attained by merg-

ing the present physiological

framework with a socio-

economic and environmental

perspective.

(4) Another aspect of the upper

and lower intervention points

being well separated is that un-

der normal growth conditions,

without free access to high

energy diets, individuals would

naturally sit just above the lower

intervention point. This would

explain why ‘‘normal weight’’ in-

dividuals with BMIs in the range

from 20–25 show an asymmetry

in their responses to energy

imbalance, with greater resis-

tance to weight loss than to

weight gain (Schwartz and

Niswender, 2004).

(5) Other physiological factors may

be important in affecting

whether individuals attain their

drifted upper intervention

points. One, for example, is

the status of their feeding-

reward system. Some individ-

uals may rapidly move toward

their upper intervention points

because they have a reward

system that gives them greater

hedonic stimulation when they

feed. By contrast, individuals

with a system that is less prone

to stimulation by the hedonic

properties of food may migrate

to their upper intervention

points more slowly. This model

suggests, however, that while

the reward system may play

a role in how rapidly individuals

migrate to their intervention

points, the hedonic reward sys-

tem will eventually be overrid-

den by the intervention system

illustrated in Figure 2B. Conse-
quently it is suggested that

individuals with a low upper

intervention point combined

with a high hedonic reward sys-

tem will not get fat. Association

studies between the status of

the reward system and body

weight across a population

with a diversity of intervention

points may then fail to reveal

an effect of the reward system

despite its potential role in

the rates at which individuals

achieve their upper intervention

points.
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