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Abstract

The modern prevalence and negative consequences of obesity suggest thagopkngat more
than they should. This essay examines the biological underpinnings of mammediany fe
behavior in an attempt to reconcile the “self-control problem” with tleemative tradition of
neoclassical economics. Medical, genetic, and molecular evidence stitggesvereating is a
manifestation of the fundamental mismatch between ancient environmentsickirpreferences
for eating evolved—and modern environments. The phenomenon can be descrilaesimie
optimal foraging model in which both the utility function and the Bayesian prsmganerated
endogenously in the distant past. The implied disparity between subjpctibabilities and
actual probabilities has potentially broad implications for welfare economics.
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1. Introduction: Explaining Obesity

Have you ever tried to count calories? | have, and believe snaoit’easy. Every ingredient in every
morsel that goes into your mouth must be accounted for, its cdemgty multiplied by its weight, the
products summed and tallied. Even if all this information were readily avaitabtask would be tedious
and time-consuming. Most people don't find a careful accounting of beddygy intake to be worth
their while, and are nevertheless able to solve the problem of maintaininghey healy weight.

Some people, on the other hand, do have a problem with weight. Obedgitielg acknowledged as
a serious threat to public health in many countries, and is considesedial stigma in many cultures.
Often those suffering from the disease express a desire doweigiht, but are unable to alter their
behavior, attributing the problem to a “weakness of will” or lack of self-cantrol

This seemingly simple, one-dimensional decision problem—how much to #te-subject of this
essay. Specifically, | consider the two puzzles described abdv¥ew do people solve this problem of
how much to eat andhy—when they overdo it—do they so often declare an inability to mend their
ways? While in a sense we are all experts on the subject, ithalso a wealth of information to be
gleaned from fields of study as diverse as behavioral endocrinalogynutritional anthropology. By
drawing on such sources of empirical evidence, | show that tiieosgrol phenomenon may be

symptomatic of a more widespread phenomenon, with important implications for ecaheory.

1.1 The Personal Costs of Obesity
The consequences of being overweight can be severe. Childrenrasagob years of age, when
shown silhouettes of various body types, choose the phrases “cheagsigs;ar‘gets teased,” “lazy,”

“lies,” “ugly,” and “stupid” to describe the obese figure (St&aff 1967). 9-year-olds associate an

! More precisely, the object of choice is net caldnitake—what | eat net of how much | use—or, edeivtly, how much
energy | store as body fat. The problem quicklyvwgg in complexity as the dimensions of time andentainty are introduced.



overweight body shape with poor social functioning and impaired adtadrrocess (Hill and Silver,
1995). To be obese in adolescence is to be twice as likelyhelthdack a grade, to quit school, and to
attempt suicide (Falkneet al, 2001). A prospective study found men overweight in adolescence 11
percent less likely to be married seven years later; for waheefigure was 20 percent (Gortmalkeial,
1993).

Discrimination against the obese is not limited to the playgroundeomarriage market. In a 1969
survey of 77 physicians, obese patients were described as “wiadk-wgly, and awkward” (Maddox
and Liederman, 1969). More recent studies find evidence of discrionnati the job market, with obese
men suffering a 5 percent wage penalty, while obese women cagaveake 12 percent less than their
normal-weight counterparts (Register and Williams, 1990; Hamermesh and, Biglgdy.

There are also severe effects on health and longevity. Olestyongly associated with (and in
many cases thought to cause or aggravate) adverse medicalorendiich as hypertension, diabetes,
heart disease, and cancer, and (perhaps as a result of the=s# gefalitions) it has a strong negative
effect on life expectancy (Friedman, 2000; Kopelman, 2000; Miller aadhi-2002). One study, for
example, found that gainirape poundncreased the marginal risk of death within 26 years by 1% among
individuals between the ages of 30 and 42 years, and by 2% betweenstio¢ 3@@and 62 years (Hubert,
1986). Animal studies suggest the effect may not be limitechdviduals meeting conventional
standards of “overweight”. Weindrucatt al (1986) were able to extend the average lifespan of the
common laboratory mouse Isyxty-five percen{from 27.4 months to 45.1 months) by restricting caloric

intake to one third of the free feeding level.

1.2 The Modern Prevalence of Obesity
In spite of the negative personal consequences, obesity appearsrothee rise. A recent report
issued by the World Health Organization declared that “obesityioMs so common that it is replacing

the more traditional public health concerns, including undernutrition aadtiofis disease, as one of the



most significant contributors to ill health” (1998, p. 1). Obesity li®en increasing in prevalence over
the last few decades, especially in Western countries. InrthedStates, for example, the prevalence of
obesity among the adult (age 20-74) population increased from 12.8% in 196@B%% in 1988-94
(Flegal,et al, 1998f. A similar trend has been seen among children and adolesciht#)evprevalence
of overweight (6-17 years old) increasing from 5% in 1963-70 to 11% in 1988r8irio and Flegal,
1998). Today, more than half of all adults in the U.S. can be clasasi®@verweight or obese (Mueit
al, 1999), and it has been estimated that some 300,000 deaths per wmibatable to obesity (Allison
et al 1999). Because of its association with numerous medical complicaisignificant proportion of
expenditures on health care can be attributed to obesity: Tloe ciist of obesity-related health care in
the U.S. has been estimated at $52 billion per year, or 5.7% ofxpeditures on health cdréndirect
costs due to lost productivity are thought to be of equal magnitude (Wolf and Colditz, 1998).

Experts often point to the modern high fat diet and sedentaryyldess fundamental causes of the
recent rise in obesity (World Health Organization, 1998, p. xvi), but gradtamations fail to get to the
heart of the questionwhy have people chosen such a lifestyle, if the dreaded disease wemldris the

result?

1.3 Is Obesity a Choice?

The trends and incidence data cited above suggest that obesfiyoislem in need of a solution. But
on the other hand, “overeating” would seem to be a matter of individoiglecand as such, perhaps itis a
problem best left to the individual to solve. The choice faced bintiedual—what and how much to

eat, given future health or social consequences—is well whkinealm of neoclassical economic theory,

2 This study, and most studies of this type, use/bmdss index (BMI) as an indicator of surplus adetissue. The BMI for a
given individual is his weight (in kilograms) dived by the square of his height (in meters). Tlaesobvious drawbacks to
this measure, the most important being its ingbild distinguish between fat and lean body mastegdfet al use the
international benchmarks of BMI>25 for overweightlaBMI>30 for obese.

% This is consistent with international estimate@%f-7% of health care expenditures (World HealthaDization, 1998).



and it is easy to apply neoclassical principles to the problon.example, the aforementioned attributes
of the modern lifestyle can be viewed as lower imppcitesof fattening foods and easy-chair recreation
(Figure 1) Pending empirical confirmation of the purported price environmentpihjkt seem to be,
for economics, the end of the story: technology has lowered the comtpoience, consumers have freely
chosen it, and an efficient market outcome is the result. Butdhidusion has an uneasy feel, given the
overwhelming medical evidence suggesting that obesity is imy mvays not an optimal outcome, and the
insistence of most obese individuals that—given a choice—they would tzhthin (Bray, 1986; Hill
and Silver, 1995).

The notion that people sometimes behave impulsively (i.e., in a méraeloes not serve their long-
term interests) has gained much attention within the behavioral emmnbterature. The next section

briefly reviews the economic theory of self-control.
2. The Economic Theory of Self-Control

2.1 Dynamic Inconsistency, Addiction, and Preference Domains

Many people place a premium on the attribute of self-control. Individuiaéshave this

capacity are able to stay on diets, carry through exercise regimens, \ghoéavwork on

time, and live within their means. Self-control is so desirable tbat of us complain that
we do not have enough of it. (Laibson, 1997)

It is not hard to think of situations in which people claim to hdw¥kculty with self-control, and

maintaining a dietary regimen is a leading example. Maoy@mic models of self-control have been

* The private cost of achieving caloric surplus $tiquroperly include much more than just expendiunédollars on Big
Macs and La-Z-Boys, of course. As real wages faeexample, the opportunity cost of ttiee required to prepare and eat
freshly prepared, nutrient-rich foods rises, makoeajorie-rich fast food meals relatively less exgea. Alternatively,
technology might lower costs in terms of the amafrithysical exerciseequired to accomplish certain tasks. The adwént
the automobile, for example, allowed many actigitfbanking, shopping, etc.) which previously regdia walk across town
to be accomplished by hopping in the car; todag,ativent of the internet makes it possible to apdisimthese same tasks
without ever leaving one’s desk. A fourth varialbaich might play a part is theocial or cultural contexin which the
consumption decision takes place; a society treatgs a premium on thinness could be interpretgdaag a higher implicit
“price” on an extra pound of body fat. See, fommple, Philipson and Posner (1999) or Clebwal (2002) for economic
analyses of obesity along these lines.
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Figure 1. Body Fat and Neoclassical Choice

In the standard neoclassical treatment, preferences are well-defined and exogenous, represented here by
indifference curves. In this diagram the price of body fat (Good f) is initially high relative to other goods
(Good x), as indicated by the slope of the budget constraint (solid line), and the consumer’s optimal choice is
point (x;*, f;*). When new technology lowers the price of body fat the consumer’'s budget set expands
(dashed line), and the consumer’s new optimal choice is point (x,*, f,*), where body fat is greater.

proposed, and most emphasize the dynamic nature of the self-contr@nprobi the earliest complete
exposition of the problem, Robert Strotz (1956) hypothesized that corsumght discount future
consumption not only according to the calendar date at which consungtomodcur, but also according
to the instantaneous distance of the future date from the presEnis allowed Strotz to consider the
problem ofdynamic inconsistencgnd the “intertemporal tussle” in which a weakness of prvdcludes
the execution of a consumption plan. So the consumer might make # gkace 10% of his paycheck
in a retirement account, starting next year. But if his peefees are dynamically inconsistent, he

might—even in the absence of new informatiechange his plan come New Year's Day, and decide to

® More recent studies of this problem include Thaled Shefrin (1981), Ainslie (1991), Laibson (19%&cker and Mulligan
(1997), and Gul and Pesendorfer (2001).



put off the savings plan for another year. The problem of choosing is,di¢ course, quite similar—an
individual whose long-term goal is to lose weight might go intestaurant planning on having just a
small salad, only to change his plan when the dessert cart rolls by (Fidure 2)

This problem might, of course, be anticipated by the individual makiagriginal plan, and Strotz
and others have suggested that if it is possible to “pre-comuatiifef behavior, then individuals might
willingly incur a cost in the present in order to restrict $kéof choices available in the future. That the
consumer might anticipate the “dynamic” nature of his prefe®imne also emphasized in the theory of
rational addiction proposed by Becker and Murphy (1988): the specaltlvase authors refer to as
“harmful addiction” is analogous to the self-control phenomenon discussed here.

Most testable hypotheses stemming from these models of sealbicard related to pre-commitment:
one way to identify dynamic inconsistency is to observe the carspra-committing by taking steps to
limit the range of choices available in the futliréGul and Pesendorfer (2001) make use of this fact,
capturing the self-control phenomenon with a model in which the pnefedomain includes not only the
objects of choice but also tlehoice setdrom which objects are selected. Their model allows, as do
models of dynamic inconsistency, for the possibility that utility mighnbesased by pre-committing to a

strictly smaller choice set.

2.2 Adherence to Axioms vs. Weakness of Will
The theory of self-control seems to capture real aspe¢tsroédn behavior, and it also fits well with

our intuition and personal experience. But it has an uneasy feel: liMptehavior in this way seems to

® The termsconsumptiorand savingsare somewhat confounded when diet is the objechofce: The decision to enjoy a
caloric surplus today (i.e., wonsumemore) results in energy beisgved(in the form of additional body fat) for futureeus
But an alternative meaning of the term consumpiSaio waste away, as in starvation. So an excessrsumption generates
savings, while a dearth of consumption invites comgtion. Fortunately, the conundrum is easily hesib by assuming that
future utilities are increasing in wealth but desiag in girth.

" The level of commitment is not necessarily undier ¢ontrol of the consumer, of course: naturalkeerments such as the
advent of the ATM machine or variations in the ldjty of wealth can also reveal a lack of self-coh{Shefrin and Thaler,
1988; Levin, 1998; Laibson, 1997).
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Figure 2: Diet and the Economic Theory of Self-Control

Here the theory of self-control is shown as it might be applied to caloric surplus. Implicit in variable f (body
fat) is both a benefit (e.g., gustatory pleasure) to be enjoyed at the time of consumption and a cost (e.g., an
expanded waistline) to be incurred at a later date. The “current self,” whose preferences are represented by

the solid indifference curve, makes a consumption plan (i.e., plans his diet) and chooses his optimal bundle
at point (x.*, fc*). If his preferences are dynamically inconsistent (i.e., he lacks self-control) then the
preferences of the “future self’ (represented by the dashed indifference curve) might not coincide with current

preferences. If the current self is unable to commit his behavior in advance then the future self chooses point
(x¢*, fi*) and the original diet plan is never carried out.

forgo much of the normative appeal of more conventional decision theory.
In the normative tradition of neoclassical economics, the foundatiorydheary is the list ohxioms

or rules of behavior from which restrictions on behavior are derised, (e.9., Savage, 1954; or Mas-

Colell et al, 1995, Chapter 1). For example, if you agree that the outcomes yoabmareare the

pleasure you get from eating ice cream and the size of yaigtlwe, and you are able to rank the various
combinations of these outcomes, then a normative theory will telihawyoushouldchoose the highest-
ranking combination from among those available. Here the axioms yeuagaeed to areompleteness
(what you care about) artchnsitivity (your ability to rank) and the restriction on behavior is that yol wil

consistently choose how much ice cream to eat from the amourg oféaam available. No problem.



The axioms are sufficiently modest that no reasonable person wowdtltem, and the prescribed
outcome (consistent behavior that varies only with constraints ormtiheecset) seems to describe actual
behavior reasonably well.

But now suppose that, having decided the optimal combination of ice armaistline you would
like at the prevailing price, you find that achieving the chosen o@cenuires that you limit the amount
of ice cream in your freezer. Problem. Because you haeedghnat the outcomes you care about are ice
cream and your waistline, the axiomatic approach of the previowgrpah requires that you be
indifferent (i.e., the amount you eat is unchanged) betweenzefréeat contains just the right amount of
ice cream and a freezer that contains more. While it islpedsiintroduce an additional axiom allowing
the domain of preferences to include the presence of the temptatimnfieezef, most people are likely
to insist that it is still theoutcomes-ice cream and waistline—that they really care about. So the
axiomatic approach loses much of its appeal when the self-control problem ieddmit

This is not to say there is no value in a purely positive (i.e., ij&gger or behavioral) economic
theory of self-control. The lack of a normative foundation has notlyaled the development of the
theory, as the discussion of Section 2.1 above makes clear, and njdasieconsiderable success. But
by adopting a strictly positivist approach—i.e., making note of the odtévib® and positing odd
preferences in order to accommodate it—the obvious questiaygbeople might behave this way, or
why they might have such preferences, goes unanswered. The renditigisressay is an attempt to
explainwhy this discrepancy between long-term goals and short-term loeH®as arisen, and what the
answer implies more broadly for the modern theory and practice of wetfanemics.

Recall, if you will, the material questions with which this inigegion began: How people decide

how much to eat, and why overeating is viewed as a problem of self-conawdud® eating is an activity

8 Gul and Pesendorfer (2001) introduce just suciaxiom, which they refer to @t betweenness



common in animals as well as humans, it seems sensible to askialbgy has to say on the subject.
Most animals, after all, also solve the problem of when and hovih nwueat, and they also sometimes
overdo it when the opportunity arises. So perhaps a look at the biologidaipinnings of feeding
behavior will shed some light on the corresponding behavioral phenomenon in humans.

In the spirit of the laboratory scientist making use of miceratsiin his initial investigations of a
phenomenon relevant to the human condition, | will begin by offering a simple model of aliecgtion
in rodents. Specifically, in the next section | consider the proltetre solved by natural selection
(“Nature”) when a wild rodent population faces periodic food shortagesyaat might be expected to
happen if food security is suddenly improved. The relevance of the noggaphor to human behavior

will be addressed in Section 4.
3. A Biological Theory of Energy Homeostasis

3.1 Risk and Foraging

Perhaps the most fundamental task faced by a foraging aniringltisf meeting the twin goals of
survival and reproduction while faced with an uncertain food supply.uéts she problem is well known
among behavioral ecologiStsand it has received considerable attention in the “optimal fugagi
literature. The model presented below, in which the optimal leveherfgy reserves is determined as a
function of stochastic variations in food availability, is adapted filosnliterature (see, e.g., Houston and
McNamara, 1999).

Generally speaking, a foraging strategyjdimal—and therefore constitutes a solution to fitreess
maximization probler-if no other available strategy results in a greater numbersoeddants surviving

in the distant future. The imprecision of this maddeningly vadgf@ition is intentional: greater

° Behavioral ecology is the study of the relatiopshbetween animal behavior and the (physical, bio#, and social)
environment in which the behavior evolved.
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precision quickly invites more complexity than is needed at newstd of analysis. Acknowledgment of
the phenomenon of sexual (as opposed to single-parent or asexual) reproduction, jte, e¥enessitates
an accounting not just for the number of descendants, but also for tlee ddgyenetic relatedness of
those descendants and for the interactions between paternal antbhggaes. In many cases, ignoring
this complication will make the analysis tractable and s#ipture the essence of the problem in
question® Being more specific about the time at which descendants are counted iickysoit “distant
future” is defined as the end of the individual’s life, then it rbayimportant to account for the age and
quality of offspring at time of death; but if “distant futuret@® far off, then the probability of extinction
increases and must be considered.

Because the question to be addressed here is that of the ogtumiabtf energy reserves in the
presence of a fluctuating environment, several simplifying assangpéire appropriate. | will consider a
population of rodents that reach adulthood after one period, and do not age (tmeyghay die) in
subsequent periods. This explicit dismissal of life cycle effescequivalent to the twin conditions of
strong forward convergence and strong backward convergence in dym@giamming; it implies that
the actions specified by the optimal strategy will be independfemtitial state and terminal reward.
Initially, it is also assumed that information (with respecthe underlying probability distribution on
environmental fluctuation) does not vary with time, so that the opstnatlegy will also be independent
of the time period in which the action is chosen. Reproduction is asexual and mutationrasezery

Uncertainty in the food supply will be captured by an exogenous bstatey variable representing the

“season” or relative abundance of fodd]{p, s}, wherep denotes relative plenty (or “feast”) amsd

denotes relative scarcity (or “famine”). Seasamsdetermined by a stationary two-state Markov @ssc

19 An exception is discussed in Section 3.3.1 belowyhich one explanation of an empirical phenomenakes use of the
fact that reproduction is sexual for the specieguestion.

11
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with transition matrixP = p
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. D_Pye =1, where P,, denotes the probability of stat#,
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given that the state wa® in the previous period. Risk is aggregate: in g@iven period, each member
of the population faces the same valu&of

An actionis an allocation of energy in a given time periocenergy reserves (body fat,D[O,oo))
and other usesxd][o,oo)). Attention will initially be restricted to statnary solutions of the fitness
maximization problem such that the choicexois a function only of season in the current and th
previous periods(x = x,, ), while the choice of reservdsis a function only of season in the current
period (f = fg).11 The choicesf, and x,, are constrained by an exogenous endowment of ¥nerg
income |, and the (constant) rate, at which energy held in reserves from the previpeisod can be
converted to other uses, (or conversely,fjf> f, the constant rate at which energy income can be
converted to current-period reservesy;, = I, +¢,(f, - f,).

As is the practice in the optimal foraging liter&uthe analysis here will assume there exists a
(continuous, non-negative, twice differentiabled atrictly concave) functior(x,,, f,) that measures
the expected number of offspring (including theepdyif the parent survives to the next perioddpiced
during the current period, given an actitﬁme,g, fg). A strategy specifying actions for all possible

contingencies is transmitted genetically to offsgriindividuals following a given strategy constéa
genotype
It is well known in the behavioral ecology litereguthat in the presence of environmental flucturegio

(i.e., risks that affect the entire population) letion will tend to select agents that maximize the

" The latter, an admittedly strong assumption, bélljustified for each special case considered helow

12



geometric mean fitness (see, e.g., Houston and Meia 1999; Bergstrom, 1997; or Robson, 1996).
In the present context (and assumiigPsy>0), this implies that the genotype that will cotnedominate

the population in the long run will employ the stgy that maximizes the following expression:

ps o Py
[(XSS’ 5 o Sp’ Sp]m[ pp’ ppr Xps fs) ps]ﬁ

P P
Note that the exponentsiisp andﬁ denote the unconditional probabilities of a gigeason

ps sp ps + sp
beingp ors, respectively in the long run.
A more complete treatment of the problem might getously generate the functim(ij] that maps
allocations to offspring. For example, the modaéjith be expanded to include Nature’'s choice of our
representative rodent’s body size and shape, anibtm of various internal organs, all of which kg

affect the rodent’s ability to store energy as bfatyand hence alter the functicu(D]).13 In order to keep

the model tractable, | will assume only that thexists some “optimal” level of body fat™ such that in

state 6, fitness is increasing irf, (:Tr>0) for f,<f" (presumably because body fat is useful for
g

within-season energy regulation and other bodilycfions such as insulation or shock absorption) and

12 A simple example can illustrate this principleupfose feast and famine are equally likely, andetlage only two feasible
strategies: Strategy 1 yields a fithessre0 during famines (i.e., all individuals implementti the strategy die without

reproducing, so tharl(xg,s, fs) =0) and a fitness of=2.1 during feasts(rl(xe.p, fp) = 2.1); Strategy 2 yields a fitness of
r=1 each season (r2 (Xe.g, fe) = 1). Note that Strategy 1 maximizes the arithmetic ame
(a1 = (0+ 2.1)/2 =105>1= az) number of offspring while Strategy 2 maximizes thgeometric mean

( L, =4/021)=0< w/ilﬁli =1= gz). If the risk of famine for any given individua uincorrelated with the risk faced

by other members of the population, then the nunabéndividuals employing Strategy 1 will increas® average, by 5%
each period, while the number of individuals follog Strategy 2 remains, on average, constant. Tihtise presence of
independent risks (and assuming the first genotiges not go extinct), the strategy that maximizes drithmetic mean
number of offspring will come to dominate the paidn in the long run. On the other hand, if tigk rof famine is

aggregate—so that all members of the populatioa &ther feast or famine in any given period—thenfttst occurrence of
famine will eliminate Strategy 1 from the populatjovhile Strategy 2 again maintains a stable pdjmuasize. Thus in the
presence of aggregate risk, the strategy that maagthe geometric mean dominates in the long run.

3 Indeed, Section 5.4 below will offer evidence thath endogeneity may be empirically relevant.

13



decreasing in f, (:Tr<0) for f,>f" (presumably because excessive body fat generaes t
g

physiological problems of obesity and incurs cassociated with greater body mass such as impaired

agility or higher energetic costs of movement).

3.2 Evolutionary Equilibrium with Seasonal Scarcity
Many common sources of food scarcity in naturalimments are cyclical, so an instructive special

case of the general problem stated above is thaea$sonal scarcity. Seasonality is implied by the

. . 0 1 . . o
transition matrix P:Hl O” which allows the fithess maximization problem be stated as a

simultaneous choice of seasonal allocations:

max g(xps, fs,xsp, fp)
xps,fs,xsp,fp

subject to

Xps = s +C,(f, = ) andx,, =1, +c,(f, - 1,)

where

g(xps’ fS’XSp’ fp): r(Xps’ fS)lj(XSp’ fp)

Assuming an interior solution, the fithess-maximgiallocation is characterized by the first-order

conditions:

@:(;Sﬁ—c ﬁ and@:c ﬁ—csﬁ
éfs d(ps d(ps

p@(SP OTP p@(SP

As shown in Figure 3, the energy budget in aemiyperiod is

which together implyﬁ = —ﬁ.
x, 1z

endogenously determined by the choicé iofthe previous period, and (assumia%< :::—S <1, whereg,
1 p

denotes the partial derivative aj(xps, fer Xeps fp) with respect to its™ argument, evaluated at the

14
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Figure 3: Evolutionary Equilibrium with Seasonal Scarcity

In evolutionary equilibrium the food supply is variable, shown here by a limited energy budget in the scarce
season (solid line) and an expanded energy budget in the plentiful season (dashed line). In each season the
consumer allocates current-season energy, taking the previous season’s choice of body fat ( f ) as given.
Note that the choice of f in times of plenty endogenously determines the endowment of f in times of scarcity,
and vice versa (arrows). The fithess implications of the choice are different in times of plenty (when energy
is abundant, and extra body fat can be stored for use in the subsequent scarcity) than in times of food
scarcity (when energy is scarce, and previously stored body fat is allocated to other uses). Fitness in times
of plenty, holding fs constant, is represented here by dashed isofitness curves; fitness in times of scarcity,
holding f, constant, is represented by solid isofithess curves. In equilibrium, isofitness curves are
observationally equivalent to indifference curves.

optimum)* Nature finds it optimal to choosg, > f" and f_< f". Intuitively—as can be seen from the

first-order conditions—an excess of body fat is egated during a feast up to the point at which the

associated marginal fithessstis just offset by the marginal fithebgnefitof closing the “gap” (after

14|f the variables andf are interpreted strictly as measures of food gngsg thatc, andc, are marginal rates of physiological

C
conversion) then the requirement that <1 is akin to the Second Law of Thermodynamics, whiduires that the entropy

Cp
C
of a closed system never decreases. The requiteﬂnﬁn% <— ensures thalg([)] is “concave enough” iX to make
C
1 p

consumption smoothing optimal.

15



adjusting for transformation rates) between cur@rtsumption Xsp) and consumption in the ensuing
famine &ps). And likewise, the dearth of body fat during famserves the same purpose—consumption

smoothing—when food energy is scarce.

The circular nature of this problem is not unlikett actually faced by wild rodent populations in
which the availability of food varies on an annagtle, the life of any given individual spans agkar
indefinite number of cycles, and energy storedaddybfat is typically small relative to total eneriyake

(Vander Wall, 1990).

3.3 Non-Uniqueness and Phenotypic Polymorphism

The analysis thus far has implied a unique solutiotine fithess maximization problem, suggesting an
equilibrium population of uniformly plump rodent8ecause real populations in fact exhibit consiolera
variation in this particular trait, some consideamatshould be given to the conditions under whiobhs
variety might arise. In biology, variation in aysical or behavioral trait within a single poputatiis
known as @henotypic polymorphisifa phenotypéeing the observable characteristics of an orgaras
determined by both genetic makeup and environmeénrftakences).

In general, there are three ways in which a phegnofyolymorphism might arise: i) mixed strategies,
or randomizing by individuals or genes; ii) the sltaneous occurrence of variants of the genes
responsible for the trait, ayenotypic polymorphispand iii) asymmetric information or payoffs among
groups within the population. It is possible thd#itthree are responsible for the observed vanaiio

body fat in rodents and other animals; each wilhtdressed briefly here.

3.3.1 Mixed Strategies and Genotypic Polymorphism

Bergstrom (1997) considers the problem of food tiiogramong squirrels, and notes that if only pure
strategies are adopted, all but the most risk-av@ngh-hoarding) strategy will be eliminated dgrirare
famine events; those squirrels who fail to saveughdo survive the famine die and are eliminatednfr

the gene pool. A superior strategy—from the pointiew of the gene—is to randomize over hoarding
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strategies, so that some carriers of the gene reaftr a famine event; while during good timewdss

is increased because not all carriers of the gemedhexcessively? The randomizing device in such a
case would presumably be an event in the earlyloewvental stages of the animal, which would by
definition be uncorrelated with the risk of famin&here is limited evidence of such strategiesature,
perhaps because such a randomizing device woulshHszently difficult to find, but the theoretical
prediction is strong enough that it would be swipg if evidence for the phenomenon does not
materialize.

There are also a number of reasons to expect thitenary equilibrium to be characterized by
geneticvariation with respect to the amount of energyestaas body fat. One of the most compelling,
described by Maynard Smith (1998, pp. 74-75) oféeartial solution to the weakness of pure strateg
described in the previous paragraph. The reasasilg follows: if there is cyclical variabilityr ithe
environment over time (or variability with fixed giyabilities), then alominantgene employing the
dominant pure strategy may coexist in a stable typio polymorphism with arecessivegene that
employs a less risk-averse stratégyConsider, in the context of the stationary sealifynenvironment
of Section 3.2, a fully recessive gene that empbogsrategy yielding a fitness 6f0 when food is scarce
(i.e., all recessives die without reproducing) anditness ofr=2.1 when food is plentiful, while the
dominant gene employs the pure strategy yieldirfignass ofr=1 each season. This polymorphism is
stable with frequency of the recessive gene equ#l.49 in the wake of any given plentiful seaSon.

More generally, the polymorphism will be stable wiesr the arithmetic mean fitness of the recessive |

15 Strictly speaking, this reasoning assumes thaisthe of the population is infinite. Otherwise rénavould be a positive
probability of the event thatto carriers of the randomizing gene choose to haard,eventual extinction would be certain.

' Genes are often characterizeddasninantor recessivebecause most sexually reproducing species havedpies of each
chromosome, and therefore two copies of each gelmea genotypic polymorphism, the possibility béterozygotes-
individuals with different genes at a given chroommal locus—arises. Heterozygotes sometimes exr&its intermediate
between the two pure types, but often they favertgpe over the other; hence the terms dominantesebsive.

Y This calculation implicitly assumes random matiag,infinite population, a generation length eqoabne season, and the
trait in question to be under monogenic controleaRpopulations are likely to meet few if any oédk criteria, but the
simplifications seem warranted for illustrative poses.
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less than that of the dominant, while geometric migaess of the recessive is greater than thahef

dominant (Maynard Smith, 1998).

3.3.2 Social Dominance

The third explanation for a phenotypic polymorphisasymmetric information or payoffs—is the
explanation given nearly exclusive attention in vantional economic analyses, and considerable
attention elsewhere in this essay (footnote 4ef@mple), so my remarks here will be limited targle
example.

Rodents are social animals, and as such we migigcexhat within-group social stratification could
lead to inequities in access to food supplies. ofidhant high-status individual, for example, migiby
virtue of his privileged rank) be better able tdiawe caloric surplus and store energy as body Tats
we would expect adiposity to be increasing withkraf©n the other hand, a dominant might (again by
virtue of his privileged rank) be less at risk tdrsation during times of food scarcity. Thus suliwates
would have more incentive to accumulate body faindutimes of plenty, and therefore adiposity might
be decreasingwith rank. The relationship between social statnd body fat will therefore be a function
of absolute levels of food abundance or “wealth”.

The social dominance phenomenon could be incorpdraito the framework of the stationary

seasonality model (Section 3.2) by allowing pewoicome |, to vary not only with season, but also

with social rank and with wealth. For example, veheealth is high, dominant individuals might enpoy

relatively stable food supplﬂ,{ o =1g>> O) while subordinates face periodic shorta@%s» I = O); and
where wealth is low, dominants might face pericxhortages(l o> = O) while subordinates are faced

with constant scarcit;(l o=l = O). Behavior in evolutionary equilibrium might thée conditioned on

18 As shown in Footnote 12, these conditions arefiedi for the two strategies considered here.
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all three determinants (season, rank, and wealftlexpected future food supplies. This conjectwe i

consistent with the comparative statics of thei@tary scarcity model: Ifg([)] is strictly concave,

2
95 <% <1, andr(x,, 1,) is separable in,, and f, (so thatM:O, 0,60{p.s}, 6286,

9 C 0Xg50f4

p

of
then body fat in times of plenty is increasing,jr{al—p> OJ, and the net seasonal change in body fat is
p

olf —f.
decreasing ifhs (% < OJ 19

S

These examples should make it clear that intraatipn variation in body fat, whether arising from
mixing or from genetic or environmental variationthe equilibrium population, is fully consistenithv
the evolutionary equilibrium described in the paing sections, and with genetic transmission oflifeg

strategies.

3.4 Bayesian Priors and Behavioral Flexibility

An important feature of the solution obtained abadseprominence of the marginal rates of
transformation ¢ andcg) and incomeslf andls) as determinants of choice. These parameters are
analogous to prices and income in models of consgim@ce, and as such might be thought of as being
subject to change from time to time. That is tg, dhe genetic transmission of fattening strategies
specified by the first-order conditions in Sect®2 does not preclude flexibility in the face ofalging
environmental constraints.

If there is also variability over time with respeotthefrequencyof food shortages, we might also
expect behavior to be sensitive to new informategarding the risk of food shortages. This witjuie

a weakening of the assumption of strong forwardveagence, as the optimal strategy will become a

19 proofs are provided in the Appendix.
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function of age and experience.

Specifically, consider now the special case in Wwhilte transition matrix for season is given by

Hl_”
P= j
1_

probability 1- 72, independent of which state obtained in the previperiod. Assume furthermore that

, SO that in any given time period food will be meawith probabilityzz and plentiful with

the income constraint is non-binding in times oérpy (so that the rodent is satiat{%ai=OJ
X
%

whenever food is plentiful), and that the probapitf famine is very low, so that the probabilitl/tavo
successive famines is negligit(lzaw,2 = O). This reduces the intertemporal choice problent® of storing

sufficient body fat during times of plenty in order survive an occasional famine. Specificallyeg

that food is plentiful at timg the fitness maximizing choice ffwill solve:
rnfanArtp(fp)rtHJs(Xps’ fs)ﬂ

subject to
Xps = Is +Cs(fp - fs)

wherer, ([)] denotes the expected number of offspring in perddgiven thatd = j in periodi, andA

il
represents the geometric mean of future fithessg@xous for the purposes of the petia@cision). The

first-order conditions for the problem can be veritt

I I —
r[rt\p rt+]Js + rt\p r‘t+JJs =0

or equivalently,

o= =
1

f
and 7,,, = r—pr’

f
where 7, =—tr; wls

t|p
rt\ p t+ls

might be referred to as tHat elasticities of fithess Assuming
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r,r, >0, r'<0, r,,>0, and 1}, < Q the quantity_—/7t is increasing inf,. In other words: the

t+1
higher the probability of lean times, the plumper mdents during times of plenty.
Now suppose that for any given cohort of rodeneswhlue of 7 is unknown at birth, but constant

throughout life. Suppose furthermore thratcan take on N discrete values with positive prdtgb

N
where the probability thaiz takes valuesz is given by P[rri], where ZP[ZTi]=l. The first-order

i=1

N —_
condition now becomegﬂi P[ﬂi] =
i=1 t+1

at the beginning of life, with the probabilities the left-hand

side adjusting in a Bayesian manner as experien@als information about the true valuernf

In practice, the details of the process of Bayesjagating are far from trivial. Not only must Negu
choose the correct prior distributiéﬁ[ni]}i'“:l from the outset, she must also choose—from theiton

of events that comprise a rodent’s life experienaesubset of events that provide information abbet t
risk of famine. Each event must then be individuakighted according to the value of the inforroatit

provides about the likelihood of each value mf Nature’s method of solving this problem is quite

elegant: over time, individual rodents are gereeratith a variety of prior distributions and a ‘edyi of
sensitivities to new information, and only thosedeots with the correct prior and the correct
interpretation of new information survive in theprun. The mechanism by which this variety arises
well known to biology: Parental traits are pastsedffspringgenetically and genetic variation in traits is
generated via the processes of recombination (thigirig” of maternal and paternal genes) and (much
more rarely) random mutation. When the trait iegfion is a behavioral trait such as the propersity
overeat, the most successful rodents (i.e., thdsesurvive in the long run) will in effect have tberrect
Bayesian priomwritten into their genes To paraphrase evolutionary biologist Theodogadzhansky:

Natural selection is the process by which inforomatis conveyed from environment to genome
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(Dobzhansky, 1968, p. 248).

In effect, Nature generates agents who make theusesof regularities in the environment. If a
young rodent observes, for example, that foodestiful but his parents behave as though a famieew
imminent, he might take this to heart and begirparations himself. On the other hand, he mighbsko
to ignore his parents and base his decisions Bntre the actual sequence of feasts and famines he
observes over the course of his own lifetime. Ksao the information provided by Nature (presungabl
via “feelings” of hunger and satiety), he need dioéctly assess the fitness implications of hisoast
rather, the evolutionary process favors those iddals who behavas if they were aware of the
implications: if parental behavior reliably predidamines, for example, Nature will condition fagbk of
hunger on parental behavior. So our representabigient need not make conscious calculations of the
marginal fithess costs and benefits of his chdweeneed only eat when he’s hungry.

At this point it is appropriate to comment on tlederof cultural transmissiorof information from
generation to generation. If the true valuenofs serially correlated across generations therbéhavior
of parents might be expected to provide valuadiermation. On the other hand, if is intertemporally
independent from generation to generation, cultir@hsmission cannot increase fitness, and on the

contrary will strictly decreasditness in cases in which it provides informatidifferent from the true
prior {P[]Ti]}iN:l. We might expect some degree of intertempora¢peddence, for example, when food

scarcity is a function of an uncertain populaticzes then, in a sense, a new random draw occuiseat
beginning of each generation. Real conditionsature are likely to lie somewhere between the two
extremes, with the optimal solution being the usbath cultural transmission and own experiencée T
model of Section 3.5 will assume cultural transmisdo be unimportant, but this assumption will not
affect the main result.

There are important implications of assuming thatuxe transmits information genetically in the

form of a Bayesian prior. The price of this ecoyoofi Nature (i.e., leaving the computational heavy
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lifting of fitness maximization to time and the pess of natural selection) is that unprecedentadgds
in the decision environment are not anticipated.tdking advantage of regularities in the environtre

which is the optimal thing to do, of course, as long as rbgularities remain—our rodents leave
themselves vulnerable to sudden changeg(ihor {P[ﬂi]}iN:1 2% This is because genes can only be altered

when they are passed on to the next generationthe@mdat a (usually) glacial rate. This is thejscibof

the next section.
3.5 A Stable Disequilibrium
Now suppose that we take our equilibrium rodentytatipn from the environment of th[7z ]},

regime and place it in a laboratory environmenwimch the food supply is constant (i.&t=0). In the
absence of sufficient time (recall that the stregghat prevail in equilibrium are passed on geaky
and thus cannot be altered within a single life}iraed evolutionary pressure (more on this lateg) th
inherited behavioral tendencies of our rodent paforh will continue to dictate the behavior thatthe
pastwas fitness-maximizing during the plentiful seagiom, choosingf > f *), as shown in Figure 4. In
terms of our simple example, the rodents in theratory might—through the process of Bayesian

updating—come to behave as though regime (the lowest probability of food scarcity) applidsit

further adaptation is limited by the extent of thstribution {P[iri]}iN:l found in the wildunder which the

evolutionary equilibrium obtained. This can berse®thematically by considering the limiting valuds

P[Tfi] that can be reached after a long sequence of stsnme
Consider an individual born in period 1 and defiieto be the event that no food shortages have

occurred by periotl Bayes’ Rule then gives:

20 The notion that behavioral algorithms can (anduihjotake advantage of regularities in the decigiamironment has been
calledecological rationality(Gigerenzeet al, 1999).
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Figure 4: A Stable Food Supply and Evolutionary Disequilibrium

This diagram shows what happens when technology suddenly puts an end to food scarcity, with insufficient

time for a new evolutionary equilibrium to obtain. Faced with an abundant food supply the consumer chooses
a high level of body fat, as would have been optimal when food supplies were variable.

The dashed
“isofitness curves” no longer represent fithess tradeoffs, but can still be referred to as indifference curves,
(or, perhaps, “Nature’s Thumbprint”) as they remain indicative of the consumer’s (now) exogenous
preferences for body fat and other goods.

Note that a self-control problem is indicated by the disparity
between the chosen allocation (xs*, f;*) and the hypothetical allocation (xpp*, *), where the physiological
complications of obesity would be avoided.

Pljz.] =~ Plz,| P[]
> (Plz )7 Pl

j=1

where P[A{B] denotes the probability of the occurrence of ey¥emonditional on the occurrence of event

B; in keeping with the previous treatmeﬁEA] denotes the priort(=1) probability of eveniA, and 7z

denotes the unique event that the true valu@ a$ 7z. Dividing both numerator and denominator by

P[z||Pl] and noting thaP[z,|7z]= (1~ ) yields:
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1

P[77|-|Zt]: t t t t
(1_77i) P[”l] + (1_7_4—1) P[7Ti—1]+ + (1_ 7Ti+1) I:)|:7Ti+1]_|_ (1_ ”N) P[ﬂN]
(1-7) Plr] Dm} (1-7) Plr] ' (1-7) Plr] w (1-7) Plr]

Note that thgth term in the denominator will approach zeratas « if 77; >, one if 7; = 7z, and

infinity if 77, <7 Thuslim Plz(z,]=0 for 7 > 7, andlim P7z,..|2.]=1 where 7z, =inf{r}\..

in

Assuming that food supplies had always been unrpeita the wild (’Tmin >0), the immediate

consequence of placing the population in the selaoeratory environment is chronic obesity. THas i

because if a mutant had arisen during the evolatioprocess whose behavior reflected an alternative

prior distribution i% that included even a small probability tHAtn , such a mutant would have

strictly lower fitness than its counterparts, enddwvith the true distributior{np[”i ]}ihil, and the mutant
would not survive in equilibrium.

The observed obesity in the laboratory constitdestate ofdisequilibrium in the sense that
preferences no longer serve to maximize Darwinianeg$s, yet it isstablein the sense that preferences

cannot be altered within a single generation.

3.6 False Priors and Self-Control
The feeding strategies employed in this stableqdigibrium fail to solve the fithess maximization

problem: in making choices on the basis délae prior distribution our hypothetical rodent population

will choose to store too much energy as body(f§t> f*). But can it be said that the behavior in the

laboratory constitutes a harmful self-control pesh? A brief discussion of this issue is offeretbive

First, it is important to note that Darwinian fisgeis best defined in terms of long run outcomes, (i
outcomes averaged over many generations), makin@i@mpt to measure fitness in the short run, (i.e.
in one or just a few generations) questionable @otdntially misleading. But fitness often actsotigh

observableproximate currencigssuch as health outcomes, and the physiologicahl@ms associated
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with obesity (e.g., hypertension, heart diseashates, decreased life expectancy) provide eviddrate
the fattening strategy is less than optimal.

This raises an interesting question. Given sudfitievidence that they would be healthier if they a
less, would our overweight rodents (assuming tleeydcbe made to understand the consequences of thei
actions) go on a diet, or would they continue tereat, perhaps blaming the problem on the streoigth
their animal instincts? According to the modelger@ed here, the answer is clear: genetically dixin
preferences precludes the flexibility required daat to sudden change, even with a lifetime ofrieay.

To summarize: the initial result of this line ofjuiry is a formal model of animal behavior in which
food supplies are uncertain, preferences are gexeendogenously and (in evolutionary equilibrium)
correspond to biological fithess. Because strategre transmitted genetically, sudden eliminaiomsk
from the food supply will result in chronic obesitgd a harmful self-control probleth.

This model of equilibrium and disequilibrium in thevolution of feeding behavior in rodents is
obviously much too simple to describe the rich ctamipy of real behavior seen in mice and rats, much
less humans. But the conclusions it draws neviesheseem to capture the essence of what is olis@rve
More importantly, if applied to human behavior, tvad the assumptions driving the results are
unconventional and require elaboration: (i) thaategies (including prior beliefs) argenetically
encoded, and (ii) that there has beasu@denshift in the degree of uncertainty in the humaodfgupply.

The next section offers a defense of these twogsitipns.

% S0zou (1998) describes a simple way in which Bayespdating can generate the appearance of dyaynioconsistent

behavior. Although the author clearly had in mindependent rather than aggregate riskshamard rateh(r) is analogous

to the probability of famineZ1 in Section 3.4. Sozou shows that if the priotriistion on h(T) has the exponential form
then the consumer’s discount function will be hyyodic.

% The idea that contemporary economic behavior atflin some way preferences generated by biologiealution is by no
means new to the economics literature. See, famele, Hirshleifer (1977, 1985), Rogers (1994),d3&om (1996), Romer
(2000), Robson (2001), and Samuelson and SwinReI31).

26



4. How Genes Influence Behavior

Over the course of a decade the average adult omssapproximately 10 million calories of food.
To account for the relatively modest changes inybweight typically observed, total food intake mhbst
within 0.17% of total energy output (Weigle, 1994)his level of precision in energy homeostasisds
small feat, and recent medical research is begintonprovide the basis for understanding how it is
achieved (Woodet al 1998; Friedman and Halaas, 1998; Schwattal 2000; McMinnet al, 2000).
New knowledge of the molecular (i.e., genetic) natidms that regulate food intake and energy use
provides an instructive example of the way in whggimes can influence behavior, and offers a seinse o

the power of evolutionary forces in shaping humahavior.

4.1 Nature’s Thumbprint

In the popular lexicon, calling a trait “geneticiiplies that it is inherent, hardwired, pre-deteradin-
that it is the result of “nature” rather than “rurg.” On the contrary, there is a strong argunteriie
made thamo trait, whether physical or behavioral, can be wadvas the sole product of either nature
(genes) or nurture (environment, in the broadestesef the word). In the words of Leda Cosmides an

John Tooby (1997):

Any developmental biologist knows that (naturentsture) is a meaningless question.
Every aspect of an organism's phenotype is thet jpneduct of its genes and its
environment.To ask which is more important is like asking, &dhis more important in
determining the area of a rectangle, the lengthher width? Which is more important in
causing a car to run, the engine or the gasolin€zenesallow the environment to
influence the development of phenotypes.
In other words, nature vs. nurture is a false diciny. The only legitimate scientific question st
extent to which intra-populatiovariation in a given trait can be attributed to genes olirenment. The
answer in the case of obesity is clearly both, #lldo& emphasized in Section 4.2 below: variatime to
genetic inheritance can easily be establishedthmre are also many other determinants. Obeshty, |

other complex behavioral traits, is best viewed aase of a heritabkisceptibility which only manifests
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itself when the right conditions prevail. For the purpose of establishing the results atiSe 3 above,
the sources of variation in modern human populatiare unimportant. The simple observation that

modern genes interact with modern environment®i®mate obesity is sufficient.

Another popular connotation of the word “genetidiem used in the context of heritable traits is that
such traits vary importantly from individual to im@tlual. This need not be true. While the magiétof
the tendency to accumulate body fat may vary fremsgn to person, the tendency to feel hunger and to
eat after periods of fasting is universal. Sinllathe genes that govern the growth and developroin
five fingers on each hand, or two eyes, or two §jreye universal. Some people might have smaller
hands than others, or poorer eyesight, or a bilggey capacity, and the source of the variation,(genes
or environment) can be debated, but in many cdsesdriation will be unimportant or due entirely to
environmental factors (e.g., nutrition during degghent, years spent reading books in poor lighteti

devoted to physical exercise).

4.2 Who Overeats?

While obesity is becoming increasingly common,aes not affect all groups equally. The poor tend
to suffer its effects most dramatically in urbaeas and developed countries (though the oppostase
to be true in developing countries and rural ares®) those with little education seem to be &t as are
certain ethnic groups (World Health Organizatiof98; Seidell and Rissanen, 1998; Stunkard, 1996).
Another risk factor may be the mere presence ofeli@mily members (related or not) in the household
(Garnet al, 1984)** It is clear that the rapid rise in the incideé®besity in the United States cannot be

the result of changes in the genetic makeup ofpthymulation, as much of the change has spanned less

% The authors of a review of case studies of idahtiwins raised apart have dubbed these inheriggdvioral tendencies
“Nature’s Thumbprint” (Neubauer and Neubauer, 1996)

% There is also some evidence to support the thgetyto gain full support among the mainstreamaas®community) that a
virus may be responsible for some cases of ob@3hyrandhaet al, 2000).
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than a single generation. This evidence would séemsuggest a strong cultural influence on the
prevalence of obesity.

But there is also evidence of a strong genetiaci@rfte on obesity. The influence of genes can be
inferred from the comparison of the body mass iregdexf twins raised together with twins raised gprt
monozygotic (identical) twins with dizygotic twinand of adopted with biological parent-offspringrpa
Several studies have done this, and they typiqaibvide estimates of the heritability of obesitiigt
amount of the variation in the sample explainedgbwetic influence), which range from 33% to 90%.
Heritability estimates are in some sense just asorezof the cultural homogeneity of the populafram
which the sample is drawn (i.e., a culturally hoerogous but genetically heterogeneous sample would
presumably yield a heritability estimate of 100%%)But the available studies nevertheless find geaies
have a discernable (and sometimes dominant) inflien the likelihood of becoming obese (for reviews
see Barslet al, 2000 and Boucharet al, 1998).

All together the empirical evidence suggests thas ithe interaction of genetic background with
environmental factors that results in the statebasity. The conditions that induce obesity ircepsible
individuals are no doubt numerous and complex,taadiebate over which are most important is fanfro

over.

4.3 Leptin and the Obesity Genome
4.3.1 The ob/ob Mouse

Common laboratory mice subjected to starvation isterstly exhibit a number of characteristic
symptoms, including decreased body temperaturesrpyjagia (a tendency to eat voraciously when food

is available), decreased physical activity, dinmfieid immune function, and infertility. These reacs

% As noted in Section 3.3.1, an interesting exceptinthis would be a case in which a gene speciigtixed strategy-i.e.,
random variation in body fat among individuals witle gene. If mixing genes were a source of Vanah body mass index
in modern human populations, the studies cited @bawould tend to underestimate heritability, and ell-designed
epidemiological study would presumably interprettsuariation as measurement error.
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have the collective effect of conserving availaeleergy for vital functions, and (in the case of
hyperphagia) to hasten the restoration of energgrves when the opportunity arises. For many years
scientists have also known about a strain of mquesy known as theb/ob mouse) that carries a
recessive gene that induces morbid obesitgddition to the above-mentioned symptoms ofataan

Early experiments using parabidSigprovided evidence that thab/ob mouse lacked a hormone-like
signaling compound that circulates in the bloo@&spmably for the purpose of communicating the level
of adipose (fatty) tissue available for use; andhiermore that another strain of obese mouse (now
referred to as thdb/dbmouse) lacked the ability to detect this signaliognpound”” These hypotheses
were confirmed when theb anddb genes were identified in mice (Zhamgal, 1994; Tartaglieet al,
1995).

The signaling compound responsible for regulatiodybfat and behavior in these mice is now known
asleptin, a small protein molecule secreted by fat celis the bloodstream. Leptin in the blood is then
detected byeptin receptorsin the brain, in effect communicating the amoun&wailable body fat to the
central nervous system.

It is now well established that while all normalamihave a gene that causes fat cells to secrdie, lep
theob/obmice carry a mutant form of this gene that preségptin production; likewise, while all normal
mice have a gene that causes the leptin receptme froduced in the braffidb/dbmice carry a mutant
form of this gene that prevents production of #atih receptor. In both cases the signal receyethe

brain is “no fat stores are available!” and the detral and physiological reactions to this message

% parabiosis is the surgical linkage of two orgasism that their circulatory systems interconnect.

%" The experiments went something like this: Whemdh/ob mouse was joined to a normal mouse, dbéb mouse lost
weight and stopped exhibiting the symptoms of stéown; but when thelb/db mouse was joined to a normal mouse, the
normal mouse lost weight. Although insulin was @lsnown signaling compound at the time, botiyob and db/db mice
were found to over-secrete insulin, so it was dedutiat some other signaling compound must be ns#fgle (Coleman and
Hummel, 1969; Coleman, 1973).

% gpecifically, the leptin receptor resides primaiih cells of the hypothalamus, which in turn hadeasive neuronal
connectivity with other brain regions (DeFaletal, 2001).
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mediated by the central nervous system—result oertiiat become extremely obese while exhibiting the

symptoms of starvation.

4.3.2 Leptin in Humans

By all accounts, the discovery of leptin in 199%nstated a flurry of researéhinto the biochemistry
and genetics of mammalian feeding behavior, so ntiughan “obesity genome map” is now maintained
by researchers in the field. Much of this work basn accomplished through the use of mice andrrats
laboratory environments, in the hope that a bettelerstanding of the molecular basis of rodentifegd
behavior will lead to a better understanding ofri@ecular basis of human feeding behavior. Thiseh
it turns out, appears to be well founded. Mouseegelike human genes, are encoded in some 3i@nbill
base pairs® and some 90% of genes in mice have homologdaesms in humans (Malakoff, 2000;
O’Brien et al, 1999). And thus far, every single obesity-ralatgene found in mice has led to the
subsequent discovery of a homologous gene in hufiarshet al, 2000).

The normal form of theb gene, for example, is now known to encode fornejt humans as well as
mice, and though the genetically inheritdnlob disease is exceedingly rare in human populatiariey
cases have been documented. In one such case,d pheseob/ob cousins were of normal weight at
birth, but rapidly gained weight in infancy, andeithparents described both children as “constantly
hungry, demanding food continuously and eating iciemably more than their siblings” (Montagatal,
1997). Injections of a synthetic version of lepiave a dramatic negative effect on appetitebrob
patients (Farooet al, 1999).

There were high hopes initially that synthetic lephight act as a wonder drug, providing the long-

% No doubt helped along by Amgen Inc.’s well-puldésl $20 million purchase of the commercial drugedigyment rights to
leptin in May 1995 (Chicurel, 2000).

%0 Base pairs are the molecular “letters” of DNA tbamprise the genetic code.

3L Similar genes in different species are considésdze homologues if they are found in the sametiosan the homologous
chromosome, and have nearly identical nucleic @2hMA) sequences.
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sought “cure” for obesity and overeating. Whilmiclal tests are ongoing, early results have nenles
promising as once hoped (Heymsfigtal 1999). Further investigation has revealed thastnobese
persons have above-normal levels of leptin ciraudatn their blood, implying a resistance to lefgin

effects, much like the resistance to insulin thretracterizes type 2 diabetes (Consicihal 1996).

4.3.3 Molecules of Hunger and Long-Term Energy Homeostasi

As of October 2001 the obesity genome map includede than 250 genes associated with feeding
behavior in humans (Rankinet al 2002). Nearly all of these genes are associatgthormone-like
molecules that, like leptin, are thought to comnoate information about the nutritional needs of the
body. The secretion of the leptin molecule inte thloodstream, for example, is ascribed to a gene
located on chromosome 7 that is expre¥sedly in the cells of adipose tissue (i.e., body.fa'he leptin
receptor—the protein responsible for detectingghesence of leptin in the bloodstream—on the other
hand, is due to a gene located on chromosome 1%thapressed in certain cells of the hypothalamus
the brain, and at the blood-brain barrier. Othenas generatesulin (secreted by the pancreas in
response to high levels of blood sugar) and iteptr (expressed in cells of the hypothalamusy live
muscles, and adipose tissue); the “satiety hormalecystokinin (CCK)-secreted by the small
intestine after a large meal—and its receptor enlilainstem; and a number of neurotransmittersdfoun
primarily in the brain (and apparently specific ttee regulation of bodily energy) with names like
neuropeptide Y a -melanocyte-stimulating hormonand thyrotopin-releasing hormonéStryer, 1981;
Schwartzet al, 2000; McMinnet al, 2000; Woodt al, 1998).

The picture emerging from this research into theclemical minutia of mammalian body weight

32 Every cell in the body, including brain cells, &ls, skin cells, etc., contain:iacleuswhich contains copies of the 23 pairs
of chromosomes which comprise the human genome DMWA sequence contained in each chromosome ingltidrisands

of genes, but these genes axpressed-that is, made active—quite selectively. Expressmplies the synthesis of a protein
molecule orpeptide with properties specific to the gene. Peptidegehanique three-dimensional structures and can be
employed, for example, as cellular machinery, stma material, or informational signals.
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regulation is that of a system that maintains enameostasis through the manipulation of a nurober
physiological and behavioral variables, includiregeding behavior. Thadiposity signalseptin and
insulin both circulate in the blood in proportianthe mass of adipose tissue, and trigger pathvmatyse
brain that,ceteris paribus decrease food intake and increase energy expeadivia, for example,
increased spontaneous physical activity and inexed®dy temperature). These twin signals and the
associated pathways in the brain serve as long4tegoiators of body weight, and maintain stablelev

of body weight through their interaction (admittedl a manner not yet well-understood) with thersho

term, meal-related regulators of hunger and sasieth as CCK?

4.4 Calibration of Ligand/Receptor Systems

Leptin provides an example of lagand/receptorsystem which is the body’s primary tool for
transmitting physiological information from one paf the body (in this case, adipose tissue) talaaro
(in this case, the brain). Receptors and ligamdsaaalogous to locks and keys, respectively, with
ligand (e.g., leptin) being a small molecule withique chemical properties and three-dimensional
structure that give it the unique ability to actevats receptor (e.g., the leptin receptor). Thevated
receptor, in turn, induces cellular changes, oftath magnitudes proportional to the amount or
concentration of ligand present (see, e.g., Stiy@8;1; Pert, 1997).

There are a number of ways in which variationseneg might “calibrate” the molecular machinery
that regulates energy homeostasis. Section 4.8stritbed theob/ob mutation, which completely
inactivates the leptin signal and generates masbakity; but it is possible that other, milder ntigtas in
the genes for ligand/receptors systems might simptiuce the residence time of the ligand in the

receptor, or reduce the stability of the ligané.(ireduce the amount of time the ligand remainthén

% This biochemical model of the regulation of bodgight is fully consistent with the notion that aug might be responsible
for some cases of obesity. Such viruses are thdogtause only mild symptoms during infection, butinflict permanent
damage on the cells of the hypothalamus specifierergy regulation (Dhurandhat al 2000; Bernardet al 1988;
Nagashimaet al, 1992).
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bloodstream before being reabsorbed or decompdsivgaste products; leptin, for example, is much
more stable than insulin). Other important factars thenumberof leptin receptors expressed in the
hypothalamus, and the extent and naturaeiral connectivityto the rest of the brain; although the
molecular basis for these two processes are navgikunderstood, both are certainly mediated hyege
and thus potential ways in which the strength efl#ptin signal might be affected (see, e.g., Gaigaa
2000; Gazzanigat al, 1998; Pinker, 1997).

The strong evidence that leptin and other genéticabdulated signaling molecules play a role in
regulating feelings of hunger and satiety—and their effectiveness varies from person to persorstsca
the popular view of overeating as a problem of ‘kvesss of will” in a new light. Rather, it wouldesa
more appropriate to conclude thatople simply eat when they feel hundhat they stop eating when
they feel full, and that some people become ovefidiecause (genetically modulated) signals of Bung
and satiety tell them to do so under certain camust (e.g., those conditions prevalent in todaysstrn
societies).

This is not to say that overeating cannot be vieagd choice. The evidence outlined here is dyntire
consistent with the (consciously) rational thougitdcess we all know from experience. The poine her

thatfeelingsof hunger and satiety are generated by a molepubaess that begins with our genes.

4.5 The Fixed Nature of Genetic Traits

To most people “evolution” implies a dynamic, eebanging process. But if the evolutionary
process in question is one loiblogical evolution, in which genes encoded in DNA are alfeby the
process of natural selection, evolution can be ediogly slow. Modern science tells us that for an
individual human being, DNA can be modified onlykatth, and then only by rare mutations and the
process of recombination (see, e.g., Wessels ams$dtio 1988). It is possible that, at the popufatio
level, certain genes might increase (or decreaskequency over a period of decades, but suchgasan

are most pronounced in small or decreasing popusti and in the presence of strong selective
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pressuré?

Needless to say, these conditions are not likelyetonet for the modern human population. Not only
have global populations been increasing for thodsari years (Harpendirgf al, 1998), the risk of death
from starvation has only been eliminated in theé @ntury or two (and even today, only in wealthy
nations)***® It seems implausible that 200 years of food sgcuould be sufficient to re-calibrate the
human genome to the new conditions of certaintpeeslly considering that such conditions are
unprecedented (and hence not represented in thateggne pool) in human evolutionary history. Even
less likely are significant changes in gene fregie=nin the few decades in which the modern obesity
epidemic has occurred.

The evidence discussed here suggests a simple wioldetnan behavior. If we take as given that the
human genome is the product of the distant pastilzat human preferences for food consumptionare t
some extent encoded in our DNA, then we shoulcerpéect these preferences to remain “optimal” in the

face of rapid technological chanife.

3 “Selective pressure” is a euphemism for conditiomsler which individuals with a given heritableitrdie without
reproducing.

% There can be little doubt that peoples soleharelbn foraging and subsistence agriculture werediavith an uncertain food
supply. Consider the findings of a broad surveyraditional societies: in 29 percent, shortagesaware (every ten to fifteen
years); in 25 percent, occasional (every two tedhyears); in 23 percent annual; and in 23 pereceote than once a year
(Konner, 2002, p. 390).

% Archaeological evidence tells us that humans bebartransition from foraging to subsistence agtiza around 10,000
years ago (see, e.g., Boyd and Silk, 2000), argdritay well have represented an increase in foodrisgec But small-scale
agriculture in the absence of inter-regional trades still subject to devastating climatic fluctoas, and historical records
bear this out. Inhabitants of Western Europe ef@mple, were subjected to widespread famine &htigcas 1849, when the
Irish Potato Famine resulted in more than a milti@aths (approximately 12% of the population); #msl was not an anomaly
of history: the population had previously surviiachine events in 1816-18 (death rates rose by 50740, 1693-94 (10% of
Louis XIV’s subjects died in France, and as muclomes-third of the population in other regions), a1 5-21 (the so-called
Great Famine, which resulted in the death of ashnasc10% of the population) (Fagan, 2000). Evehénwealthiest nations
today, the realities of geography and climate teisuseasonal variation in the price and availgpitif fresh produce—and
hence nutrition—so perhaps we still cannot callfood supply “constant.”

3" There have been a number of authors who have getplan evolutionary approach to model human tineéepences (e.g.,
Hansson and Stuart, 1990; Rogers, 1994) and seffaidSamuelson and Swinkels, 2001). These maglaigrally rely on an
equilibrium assumption (as opposed to the disdmuilin assumption | have employed), thus de-empimasidifferences
between modern decision environments and thoséichvihumans are presumably adapted.
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5. Empirical Evidence for Thrifty Genes

The model of obesity offered here might seem catintaitive, and a bit unlikely—I have suggested
that when food is abundant people are overeatingr@paration for an admittedly phantasmic food
shortage’® But an important measure of any theory that puspto describe human behavior is its
predictive power. To paraphrase Milton Friedmal®$3 essay, the proper test of a positive theory of
feeding behavior is not whether people conscioosireat in order to prepare for a famine; rathes, t
proper test is whether they behaas if they were preparing for a famine. Indeed, | h#aleen
Friedman’s defense of thes if approach one step further by attempting to skhdw we might expect
limits to conscious control over the behavior: hessain our evolutionary history such conscious r@bnt
would have been at best useless, and at worstedsualstarvation. In the language of probabilitgory,
the prior distribution we are born with precludésxibility; such flexibility would have been harnifto
our ancestors, and because of this the prefereghegshave passed on will continue to haunt us for
generations to come.

But a lack of flexibility with respect to storagé lmody fat in the presence of rapidly improving doo
security is not the only implication of an evolutasy model of feeding behavior. Natural selectoth
tend to favor strategies that take advantage afialdé environmental cues, and condition behavior
accordingly®® So any technological change that removes theapibtic link between cues (whatever
they might be) and outcomes is a potential soufevidence for the influence of “Nature’s Thumbjptin

on behavior.

% The notion that modern human populations are graiigt maladapted to the modern diet and lifestykes first proposed in
detail by human geneticist James Neel in 1962. I'd€Ehrifty Genotype” hypothesis has gained grogiacceptance among
the scientific community as supporting evidencauaugdates (Neel, 1962; 1999).

%9 For examples of the sensitivity of humans to baralcues, see Laibson (2001) and Samuelson aimk8ls (2001).
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5.1 Seasonality and Body Fat

It is common among foraging animals in natural emwnents to observe seasonal patterns in the
amount of energy stored as body fat. These pattevhen observed in the field, tend to reflect loca
variations in the availability of food: animalsrgeally fatten during times of relative plenty, asitted fat
during times of relative scarcity. While this obsgion may seem perfectly intuitive and unsurpigsiit
does not immediately explain how animals “know” whee food shortage is imminent. It might be, for
example, that food availability is the only cue ehee to trigger a fattening episode; on the othadha
given species might rely on more dependable enwiestal cues (such as, for example, population
density, ambient temperature, or recent weathentsyé¢o regulate and maintain an optimal level of
energy reserves. Laboratory environments proveegEngsts with the opportunity to vary food suppiyd
environmental cues independently, and thus to maferences about the specifics of the evolved
behavioral algorithm.

It turns out that in most mammalian species stygibdtoperiod or length of day, is one of the most
important seasonal cues for fattening. Photopespaf course, a very reliable indicator of seagon
natural environments, with the minimum photoperamturring annually at the winter solstice and the
maximum occurring at the summer solstice. The riasbughly studied rodent model of photoperiodic
regulation is the Siberian hamster, which has teenahstrated ability to regulate its body mass
progressively and continually according to its ipetriodic history—independently of the amount of
food provided in the lab. Further investigations hshown the pineal hormoreelatonin plays an
important role in photoperiodic regulation of bddyin mammals (Mercegt al, 2000).

There is some intriguing evidence that our own Esealso utilizes photoperiod as a seasonal
fattening cue. There is a condition knowrsaasonal affective disordeat mental illness characterized in
humans by depression, hypersomnia (excessive stgediyperphagia (excessive eating), and weight

gain. Seasonal affective disorder derives its n&nom the fact that it typically occurs in winteand
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heritability studies have shown that incidence banat least partly explained by genetic factorhie T
most effective (and most commonly prescribed) negit for seasonal affective disorder is prolonged
daily exposure to intense artificial light. At tlopposite end of the seasonal spectrum, thereothan
condition known asummer depressiealso demonstrably heritable—the victims of whiehd to suffer
from insomnia, decreased appetite, and weight(llsn et al, 1993; Maddert al, 1996).

There is also evidence of a seasonal trend in weigin among the general population: according to
one recent study, the average adult American gaespound between September and January, which is
partially offset by an ensuing loss between Janummg March (Yanovskiet al, 2000)*° The
conventional wisdom, of course, is that seasonahtran in diet and opportunities for exercise are
responsible for the “holiday weight gain” phenomendut this notion has yet to be confirmed in
controlled studies. The dependable coincidencebfholiday desserts and cozy firesides with thatey
solstice makes it difficult to draw conclusions abthe relationship between photoperiod and body fa
based on data collected from human populations th®ifparallels to animal seasonality and the light-

sensitivity of seasonal affective disorder are sstjge.

5.2 Social Dominance in Birds and Mammals

The model of Section 3.3.2 suggests conditions uwtiech body fat might be a function not only of
season, but also of social status and wealth. eTisezvidence that this is true in natural envirenta: an
example is to be found in field studies of overemtattening among willow tits (small insectivorous
birds) in Sweden (Ekman and Lilliendahl, 1993). otigh it is well-known that dominant willow tits
enjoy priority access to prime foraging sites, Eknaad Lilliendahl found that subordinates had great

stores of body fat. Clark and Ekman (1995) offéheoretical explanation, based on an underlyigiclo

“0 Similar reports are available for other populasioivan Stavereat al (1986) report peak body weights in a sample otBut
women in December and January, with minimum weigitsurring in June and July; Dietz and Gortmake&84) report
seasonal effects on childhood obesity.
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similar to that explained in Section 3.3.2 abogesummary follows.

In a dynamic optimal foraging model, Clark and Eknsaiow that if food is scarce, the probability of
starvation is high for both types, and the dominaitit store more body fat by virtue of his priviled
access to high-quality foraging areas; if foodlenpful, however, the dominant chooses a loweelef
body fat, taking advantage of the fact that in 8roé need he will (by virtue of his dominant statssil
be able to obtain sufficient food supplies. Sorlationship between body fat and social statushea
reversed, depending on local conditions of foodlalaity or “wealth” (Clark and Ekman 1993, figal
The phenomenon is not limited to little birds: &y and Wallace (2001) have studied social statub
body fat in cynomolgus monkeys and found a straspeaation between low social status and abdominal
obesity.

The parallel to human obesity is striking: as dateSection 4.2 above, the poor are more likelgeo
obese than the rich in wealthy countries, whiledpposite is true in poor countries. Given theeobsd
patterns in animal behavior, it is tempting to dade that the association of obesity with povestylue
to an innate tendency to accumulate fat stores wanefs social rank is low. Presumably this tenglenc
would have served to maximize fitness if food seggwaried with social rank in ancient human saeigt
in the manner described in Section 3.3.2.

This is not to say that poor people in wealthy stes consciously contemplate the possibility of
starvation. Rather, if the metaphor of the rodemid the willow tits proves apt, it would likely ee
endocrine stat@associated with poverty that results in obesitgividuals with low social status might be
more likely, for example, to exhibit elevated lessef the stress hormones such as cortisol, ancased

levels of the neurotransmitter serotofiii? This altered blood chemistry might well triggeci@ases in

“1 The evidence of a relationship between serotomia social status derives primarily from experimersudies with
nonhuman primates, in which social rank is readdtermined through observation of stable dominaelegionships. See, for
example, McGuireet al (1984), which reviews some early findings relatsggotonin to social rank in captive colonies of
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body fat independently of any real or perceive@dhiof starvation. There is accumulating evidahe¢
this is in fact the case: weight loss is a welbwn side effect of antidepressants such as Predsch
increase serotonin levels in the brain, and at leas such drug is now being marketed explicitlytfee

purpose of weight los¥.

5.3 Food Insecurity

Although death by starvation is a rare event inWl®., a surprisingly large proportion of houselsold
experience periodic food shortages. According tecant USDA report, 10.7 percent of U.S. household
were “food insecure” in 2001, where food insecuigymeasured by survey responses indicating the
extent to which resource constraints caused huinged et al, 2002).

An interesting phenomenon has been noted in the ifogecurity survey data: food insecurity is in
some cases associated with an increased risk sftpl§®lson 1999; Townsenet al, 2001; Basiotis and
Lino, 2002). The effect is strongest among motleergeriencing mild to moderate food insecurity (snan
of whom reportedly forgo an occasional meal in otdeensure that her children can eat), and theceff
remains after controlling for income and other dgraphic variables. Although the association ofdfoo
insecurity with obesity has been labeled a “paradigxseveral authors (after all, the obese dondatly
appear to bestarving do they?) it is very much in accordance with #ew that obesity is a natural
phenomenon likely to be exacerbated by an increaskdi.e., the parameten in the model of Section

3.4) of food shortage. Again, this behavioral response to food inseguniéed not be a conscious

vervet monkeys.

“2 A recent report by Rosmoret al (2002) provides indirect support for this hypothesn a sample of 284 men, they found
an association between a mutation in a serotowepter gene and both abdominal obesity and saliwarysol. The authors
hypothesize that those with “...genetic vulnerabilityhe serotonin receptor gene...” might be susceptibl...stress factors
that destabilize the serotonin-hypothalamic-pityiadrenal system...” which “...might lead to the deystent of abdominal
obesity.”

3 The drug, known asibutramine is among the class of drugs known as “selectiretenin reuptake inhibitors” or SSRIs
(Bray and Tartaglia, 2000). Prozac and the fawilselated antidepressants are also SSRIs.

“*n fact, even before population survey data orlfmsecurity were available, this hypothesis wdsret by Dietz (1995) in
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attempt to ward off starvation: the adaptive valtiadditional body fat is the same whether it isgated
by consciously strategic behavior or by a subtlange in the biochemical signals that govern energy
homeostasis in humans. And again, the phenomenamti limited to our species: other mammals
subjected to artificially induced fluctuations oo availability will also respond by increasingrsis of

body fat (Kocharet al, 1997).

5.4 Birth Weight as a Conditional Event
Another reliable signal of food scarcity in natuesdvironments is malnutrition early in life. Itda

been hypothesized that malnutrition during develepihmay “program” energy metabolism later in life:

The human baby responds and adapts to the nutriergseives by altering its production
of hormones and the sensitivity of its tissuesémt, by changing its metabolism, and by
redistributing its cardiac output to protect keygans... Slowing of growth is adaptive
because it reduces the requirements for substratéR)hysiological adaptations...made
during development tend to lead to life-long changethe structure and function of the
body—a phenomenon sometimes referred to as progrannit is as though the baby
receives from its mother a forecast of the nutnidlbenvironment it will encounter after
birth and changes its physiology and metabolisnoetiogly. (Barker 2001, p. 1)

The “fetal origins” or “thrifty phenotype” hypothisswas inspired by the empirical observation that
low birth weight is associated with metabolic deedater in life (Barkeet al, 1989; Hales and Barker,
1992). In this view, birth weight is a function mfaternal nutrition, the level of which might haserved
(in natural environments) as a reliable signalaafdf scarcity. Many other studies, however, hawavsh
a positiveassociation between birth weight and adult obgSithitaker and Dietz, 1998; Gillman, 2002).
By itself, the latter observation would not be duxx because birth weight is necessarily influsshby
the genetic makeup of the fetus, one might expemdividual's “fattening strategy” to be apparé&mm
birth. But the fetal origins hypothesis would seenpredict just the opposite: if low birth weigkta

signal of food insecurity, then it should increaseteris paribusthe incidence of obesity observed later

the context of a case study of an obese 7-yeagildvho regularly faced food shortages in the dag$ore her mother
received the monthly welfare check.
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in life.

One way to reconcile this evidence with the themrgnergy homeostasis described in Section 3 is to
distinguish between thevel and thevariability of future food supplies. The latter was the footishe
analysis of Section 3.4, where it was shown thasip should increase with increasing variabiliag (
represented by the paramete). But this analysis also assumed implicitly taatindividual’s body has

been in some sense “designed” to function optimalith some intermediate level of fat stores

(represented by the hypothetical “bliss poirit”) at which the physiological complications of olhggas

well as those of starvation) are absent. One negpect that if a life event (such as low birth gie)
served as a reliable signal of the futleeel of food availability (e.g., the expected propantiof one’s
lifetime spent in the obese state), then an optstrategy would adjust one’s physiological “exp&otd
of future stores of body fat. Indeed, this seemdbe exactly what proponents of the fetal origins
hypothesis are saying: “For so long as (the babw}inues to be poorly nourished during childhood a
adult life, these adaptations (insulin resistancel accompanying changes in glucose and lipid
metabolism) are beneficial. With increased foodake, decreased energy expenditure and the
development of obesity, however, the adaptatioesnar longer beneficial.” (Barker 2001, p. 2) This
view is also consistent with the observation that thost severe cases of metabolic syndrome arel foun
among those who are born small but later becomseof@hitaker and Dietz, 1998; Gillman, 2002).
Unfortunately, it remains an open gquestion whetherobserved epidemiological pattern is indeed

evidence of a “fetal origins” adaptation or simpie product of genetic variation: an individual wsho
genes imply a lowerf = would be expected to exhibit the same pattern @irth weight coupled with
inordinate sensitivity to the physiological complions of obesity) as an individual who adapted his
fattening strategy in response to fetal malnumitioAlthough some evidence favors the fetal origins

hypothesis—for example: the heritability of birtleight appears to be quite low (Bagtial, 2001), and

long-lasting health effects have been induced boratory animals whose mothers were deprived of
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proper nutrition during pregnancy (Bertram and Hen2001)—further research is needed.

5.5 Isolated Human Populations and Rapid Cultural Change

As noted above, the rapid rise in obesity in thetédhStates in the last few decades has happened
much too quickly to have been driven by changesha genetic makeup of the population. More
dramatic evidence can be found in the form of “reltuexperiments in which small, previously isoldte
human populations are suddenly introduced to thst¥Ye diet and lifestyle. One such instance iseto
found on the Micronesian island of Nauru, as desciby Jared Diamond (1992) in the following

passage:

One of the most serious (type 2 diabetes) epideisiics Nauru, a remote atoll occupied
by 5,000 Micronesians whose formerly energeticstyie depended on fishing and
subsistence farming. Colonization by Britain, Aalkhd and New Zealand, and income
from phosphate mining, transformed Nauruans inte oh the world’s wealthiest, most
sedentary peoples. Virtually all food is now intpdrand energy-dense; calorie intake is
more than double Australian recommended norms; abesity is rampant. (Type 2
diabetes) used to be non-existent but a severe $ttiking many young adults reached
epidemic frequencies after 1950 and now affect®stitwo-thirds of adults by age 55-64.
The disease now contributes to most non-accideeaihs on Nauru, with the paradoxical
result that wealthy Nauru has one of the world’srsést human lifespans.

This is another instance in which it is unclear thiee genes or environment generate the observed
increase in obesity and the associated metabatieade: it remains a matter of debate whether the
changes in the local economic environment expee@ixy the Nauruans and others like them should be
considered “sudden” in the sense that the loca¢ geol was adapted to historic conditions of staror
“sudden” in the sense that mothers coming of agetlghafter westernization passed (false) metabolic
information about local conditions to their offspyi In either case, the fact that the most dramati
obesity “epidemics” occur in small, isolated popas with demonstrable histories of periodic faenin

provides additional support for the view that tddagbesity is a response to yesterday’s scarcity.
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6. Discussion

6.1 Obesity, Emotions, and Conscious Deliberation

He who acts under an emotional impulse also adfghat distinguishes an emotional
action from other actions is the valuation of inpanid output. Emotions disarrange
valuations. Inflamed with passion, man sees tta ge® more desirable and the price he
has to pay for it as less burdensome than he wioutdol deliberation. (von Mises, 1966,
p. 16)

It is one of my fundamental tenets that any satisfg account of probability must deal
with the problem of action in the face of uncertain(Savage, 1954, p. 60)

In this excerpt fronHuman Action: A Treatise on Economitsidwig von Mises emphasizes the idea
that conscious deliberation in the heat of the mun nevertheless, conscious deliberation. ldang
he gives voice to the view—implicit in most econorthieories of choice—that emotions merely serve as
inputs to the deliberation process, to be taken into @atavhen considering the various possible
outcomes of one’s choice of actions. Thus evenoteamal” behavior can be influenced by changing
prices, or by (as von Mises points out later indame passage) a stiffening of criminal penalties.

It is not my intention to contradict this view. &lemotions-as-inputs model of deliberate choice (th
emotions of interest here being “hunger” and “sgt)as fully consistent with the model offered lear.
Nothing in the formulation of the model in Secti®mmplies, for example, that for a given individutie
“choice” of consuming a surplus of caloric energyindependent of variation in the social or ecormomi
consequences of being overweight.But there are important consequences of admitimgtions as
inputs to deliberation. This essay has offeredi@we that the strength of the “hunger” signal ikesck
by the brain is genetically encoded and has beldrated by natural selection to ensure that staymas
avoided. But because human evolution has proceed®d slowly than recent advances in modern

agricultural and transportation technology, therenow a distinct mismatch between the actual risk o

“ Said consequences, not being the primary foctiseo&nalysis, are assumed to be implicit in theupatersC, and | ,.
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starvation and the risk written into our gefigs.

The second quotation serves to emphasize that lpfitles of future outcomes are necessarily
implicit in the emotional signals flowing in ourims. As Leonard Savage showed so elegantly in,1954
there is a strong sense in whattions(guided in the Savage formulation by a binargference relation
implicitly assign both subjective values (i.e. lities) and subjective probabilities to outcomds.other
words, when | choose to take another bite of hagdiuror have another milkshake, my choice says
something about how | feel about the ensuing carmaces: both how | value them and how likely |
believe them to be. This is true regardless oftlhwremy choice is driven by emotion or by reasomt)yo
some combination of the two.

Upon reflection, the preference relation descriliyd Savage seems an apt description of the
molecular system of genes and hormones that irfei@oman behavidf. The evolutionary process that
generated the human genome is necessarily a phshalmne, but the “feelings” (e.g., hunger, sitie
satisfaction, outrage) that guide our actions nesdcome packaged with explicit, conscious knowéedg
of likely future consequencé.Our emotions help us make decisions in an urioertarld, and for most

of our evolutionary history the “information” thgyovided served us well.

“* The role of emotions in strategic behavior haswaphasized by Hirshleifer (1987) and Frank (198Rjst as the emotions
hunger and satiety (it is argued here) help conssis@ve the energy homeostasis problem, thesemsutimphasize the value
of emotions such as rage, jealousy, and vengeartoelping people solve bargaining problems. Neigmalysis emphasizes a
“disequilibrium” problem, but the omission is peplsgustified, as the problem of predicting the @tti of a human bargaining
partner has not been drastically changed by magetmology.

" An important qualification: Savage did not exjilicmodel multiple-stage decision problems. Tkerisequences” relevant
for the purposes natural selection, even if measure proximate currency such as health statesnacessarily spread over
long periods of time. But a reasonable conjectaight be that in evolutionary equilibrium, the ingity of pleasure one
experiences after taking an action (say, eatingaathh meal) would in some sense be proportionsihéoexpected fithess of
that action.

8 Indeed, as the discussion of Section 4.3 abowstifited, much of the human body’s “reaction” tdenolar signals such as
leptin takes place below the level of consciousnesslisruption of the leptin signal triggers naofyofeelings of hunger, but
also the physiology of starvation—including decrelagmdy temperature, diminished immune function, amfertility.
Nevertheless, it is hard to deny that genetic nanatthat alter leptin’'s potency appear to altex #xtent to which an
individual “believes” that a starvation event isnment, at least as expressed in behavioral maatfess.
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6.2 Implications for Welfare Economics

...Suppose a person becomes fat from eating largetijea of potato chips. She may do
so because of a harmful self-control problem, oratyebecause the pleasure from eating
potato chips outweighs the costs of being fat. hBbypotheses are reasonable
explanations for the observed behavior; howeveg, ttho hypotheses have very different
normative implications. The former says people boy many potato chips at the

prevailing price; the latter says they buy the tigimount. (O’Donoghue and Rabin,

1999)

For the average Joe living in the hypothetical emiciworld of the evolutionary equilibrium, one
might imagine that doing whdélt right was indeed the right thing to do: he was Imatdened with a
genetic legacy that conveyed false information alloe world; he was not burdened with a problem of
self-control. But that world is gone, displacedtbghnological advances that have largely elimohaiey
real threat of starvation in our lives and drasfyceeduced the price of achieving caloric surpluAthat
can—or should—be done about this problem? A fewghts will be offered here on the implications of
the modern self-control problem for public policgdafor the modern theory and practice of welfare
economics.

The evidence supporting a biological basis forgbk-control problem has the troubling consequence
of undermining a foundational tenet of welfare emoics. To question consumer sovereignty is to
suggest that Adam Smith’s (1776) invisible handhisguided, for reasons not heretofore taken sdgious
by the economics profession. While economists lfamwith the First Fundamental Theorem of Welfare
Economics readily admit a role for government iovling solutions to problems such as air pollution
that arise when markets are incomplete, they arehmass wont to endorse the proposition that
consumers might require protection from themselviesn deciding how much to eat.

The economic theory of self-control adopts a mamventional and intermediate view: some people

might have a problem with self-control, and polinyerventions that mitigate the problem might make
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those people better off. This view is conventional in the sense that ipligitly points to a missing
market as the cause of the problem: if consumerg allowed to make some consumption decisions in
advance (i.e., if a market for pre-commitment ed¥tather than in the heat of the moment, thelpnob
would be solved. But closer examination of theldgacal underpinnings of the self-control problem
suggests a more fundamental flaw in the Fundamdritabrem: markets may fail, in some cases,
because consumers act on the basis of false beldiftsvance might be made, on feasibility grounids,
some error on the part of consumers, but when ttteg & systematic—as appears to be the case with
obesity—then a market failure of a new sort is eyl

It is important in drawing conclusions about hunvegifare in light of evolutionary history to use
caution in defining individual welfare. The “staldisequilibrium” of Section 3.5 implies that in desn
environments, consumers may fail to maximize irdinal fitnessin the biological, Darwinian sense. But
it is another thing entirely to suggest that constgshould try to maximize fitness, much less that
welfare economists should encourage them to doTé® same can be said about the relevant proximate
currency ofhealth outcomesa consumer in the modern world may fail to choaskevel of energy
reserves that results in optimum health, but agaloes not follow that hehoulddo so.

But today’s consumer is faced with a very real éraff between short-term pleasure and long-term
health, and there is repriori reason to expect that he should be particularbdgt making this choice.
Indeed, given the overwhelming body of evidencenfrmodern medical science, it seems likely that the
more knowledgeable the average consumer becommatiers of diet and physiology, the more likely it
is that he will make lifestyle choices that favas fong-term health and well-being. Of course,hsan
education would not come without cost, and it isdhto imagine a large fraction of the population

achieving the level of expertise of the medicalcgdest. But there may be other, more feasibleanst

“9 This view is implicit in the quotation of O’'Donogl and Rabin that opens this section.
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It was noted in Section 5, for example, that olyeapppears to be exacerbated by poverty, by food
insecurity, by the winter months, and by malnuntiearly in life. Improving the health and welfare
the general population might, in light of this emide, consist of such unconventional anti-obesity
measures as strengthening the social safety nathqging the use of artificial light around the vent
solstice, or providing prenatal care to expectaothers. And there are many other possibilitieablig
education in matters of diet and nutrition, pedastfriendly urban infrastructures, and improveddeo
labeling laws (to name just three) could each ¢gmg way toward helping consumers make choices that
enable them to live long and happy lives.

It is interesting to note that although each ofgbécy measures mentioned above has been applied i
one setting or another, many are difficult to fiystvithin a conventional neoclassical frameworkt |
would be difficult, for example, to convince anhetwise well-trained) policy analyst unschooledha
evolutionary history of our species that the frezrkaet couldn’t deliver the proper level of educat{@t
least the “self-help” sort of education being dssed here), or that sidewalks and trails shoulttdzted
preferentially to roads and parking lots, or thawegrty might actuallycauseobesity. But a more
informed view of the peculiarities of modern belwvinakes it clear that the self-control problemeil,
and that it is likely to get worse as technologgtonues to transform the world in which we live.

Perhaps a more fundamental problem for welfare @oas is the question of measurement. The
equivalence betweeandividual choiceandindividual welfarecommonly assumed in welfare economics
allows for the estimation and comparison of the aotp of various policies through the simple
observation of human behavior. Weakening this \edency—with the qualification that behavior is
individually optimal only when subjective probab#és are equivalent to actual probabilities—poses a
difficult problem for policy analysts.

The other social sciences have long been skepifctile choice/welfare equivalence in economics,

and a number of alternative measures of well-béiage been devised that might now deserve the
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attention of economists (e.g., Kahneman, 1999; drand Fredrickson, 1999). Another possibility is
that advances in molecular biology and endocrinplegl someday provide a solution. The day is

approaching when we will be able to say with soroafidence whether an individual with a given

genetic profile and life history is hungry by me@sg blood concentrations of compounds like leptin,
insulin, and CCK. Likewise, it may someday be guesto obtain broader measures of well-being in an
objective way by measuring blood concentrationy@mfmones like cortisol, produced during times of
stress, or serotonin, which wards off depressidmrfFand England, 1995; Sapolsky, 1999a; 1999b;

Ogilvie et al, 1996).

7. Concluding Remarks

The central claim of this short essay has beemivelg modest: that overeating—the most prominent
of self-control problems—is best viewed as a matdfiion of the difficult problem of energy
homeostasis faced by our ancestors. The suppdttifoclaim, | hope you will agree, is far-ranging is
easily formalized with the mathematical tools (mafstvhich will be familiar to the economic theo)isif
behavioral ecology; it is supported directly by egimeg knowledge of the human genome and the
endocrinology of hunger and satiety; and it is sufgd indirectly (and in surprising ways) by the
incidence of human obesity in the modern worlchave also claimed, in a somewhat more speculative
manner, that my findings have important implicasidar the theory and practice of welfare economics.
The unanswered question, if these claims are takkeflace value, is whether this approach might be
applicable to other realms of economic behavibin the end my thesis turns out to apply to boatyaind
little else, then what | have to offer is yet arestnomaly (albeit a very interesting one) for gnewing
list of behavioral phenomena that don’t comfortditlynto a neoclassical framework. But it seemkslly
that, upon further investigation, other examplelt m@ found of cases in which people seem to bmgct
on the basis of biased subjective probabilitieshe Tist of “anomalies” catalogued in the behavioral

economics literature is long, after all, and theletronary psychology literature is rich with exaleg of
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human behaviors that bear the mark of the disteolugonary past’ And modern science is making
clearer every day the myriad ways in which genéisénce behavior:

There is the danger that this line of researchdimpping conventional restrictions on subjective
probabilities and prize spac&swill generate a lot of “just so” storytelling alitthe forces driving human
behavior. This is why it will be crucial to brirsgplid evidence into the debate every step of thg awad
to take full advantage of the rich diversity of betoral sciences that have long been ignored by the
economics profession. It might be possible to geeea theory of overeating, for example, without
taking into account evidence from the study of\&aon in modern hunter-gatherer societies, oraoci
behavior in birds, or the polymorphism at a paficdocus on chromosome 7. But today’s theorist
ignores such sources of empirical evidence at &ig, gor they can generate surprising (but appidyen
valid) a priori predictions about human behavior and, perhapssva way of thinking about human

welfare.

8. Mathematical Appendix

*

*

Proof that al—p>0: Define the implicit functionsx :xps(cs,ls,cp,lp), fo =1 (cs,ls,cp,lp),
p

x;:x;p(cs,ls,cp,lp), and f = f;(cs,ls,cp,lp) as solutions to the fitness maximization problem.

Writing the Lagrangian of the problem as

c=glx, foxo, fo)+ Al —c.f +e.f, = x )+ A (1, =, f, +c, f =),

0 Examples of the latter have included gossip (Bark992), dating (Wright, 1994), social exchangegi@ides and Tooby,
1992), and coalition formation (de Waal, 1998).

°L It is now known, for example, that aggressiveriesseritable (Coccaret al, 1993) and some of the genes that regulate
irritability, anger, and aggression have been ifiedt(Manucket al, 2000). Similarly, genes have been identified riek-
taking (Ebsteiret al, 1995), shyness (Lesel al, 1996), and longevity (Yat al, 1996).

*2n practice, subjective probabilities are usualhsumed to reflect actual probabilities, and tlizepspace is typically taken
to be some intuitively plausible set of outcomeg.(ethe wealth from winning a lottery, or the @eee from eating an ice
cream cone) consistent with the conscious expegiehthe decision-maker.
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the first-order conditions can then be expressdtieafllowing six identities:

gl(x* fo X f*)—A =0

s1 s 1 fpr Tp s

gz(x* fo,x f*)—/]scs+,1pcpso

s s Xp Ty
gz(x;f;,x;,f;)—)lpzo
9., fo . X, f;)+)lscS -Ac, =0
I, —cf, +cf, —x =0
I, —c,f +c fi—x =0
where g,(J) denotes the partial derivative og(x* fo, X f*) with respect to itsi™ argument.

s1 's1pr 'p

Differentiating the first-order conditions with pect tol, yields the following system of equations:

X
al,
o
[0y 9 O G -1 0 | al 0 [0 ]
U1 92 U 0y ~—C  C % 0
Os1 Uz Osz Oz 0 -1]al, _ 0
Os1 922 Ysz O O % 0
-1 -c¢, 0 c 0 0 |al, 0
0 c, -1 -¢c, O 0 oA, | |-1]
) |ar,
aﬂ*p
al

p

of
Solving foral—p by Cramer’s rule yields
p
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01 912 O 0 -1 0
Ui U Oy 0 -G G
Oa; Uz Uss 0 0 -1
Oss 9a2 Y3 0 ¢ -G
-1 -c 0 0 0 0
0 C, -1 -1 0 0 _ Hg
H - H

where H denotes the determinant of the coefficient matamg H; denotes the determinant of the

coefficient matrix, evaluated after deleting ifferow andj™ column. H is strictly positive by the strict

concavity ofg; it remains to be shown thii,<0.

Noting that g(xps, fos Xeps fp):r(xps, fs)DT(xsp, fp), the cross-partials ofy((] can be expressed as

functions of the first and second derivatives )  g11=ri1rp, Q15=021=r12fp, G13=T1fs, etc., where

Iy ::{r(xe'e1 fe): QD{p, S}}

expressed as the sum of the following ten terms:

1)
2)
3)
4)
5)
6)
7
8)

9)

2
- CpCSI’ll‘2 [

Corary
—c2rrryr,
2C 1,00,

- r22 Il
CoCalaM 3l
N LA EES

2
(28 PLEYEPLIS

P PPLS

52

Furthermore, because;=rz=0 by the separability ofr(J, Hes can be



10) = C,ryplaf T

Recalling thatr, = -r,—= by the first-order conditions, the first five terrman be combined into the
r
p

following expression: r.r,(r, —csrl)(csrl—r2 —cprs—sJ, which is identically equal to zero by the first-
r
p

order conditions. Noting that,c,,r,,r,,r;,r,r, >0 and r,;,r,,,r5,,1, < Q 6) is the only remaining

positive term. But terms 6) and 7) can be rearrdmg® cpr4r:,;3rs(csr1 ~r1,), where the expression inside

the parenthesis is negative by the first-order @, which require that.r, —r, =-cr;—=>. All
r
p

remaining terms are negative, l4g,<0.

olf. - f.
Proof that M <0: As above, differentiation of the first-order catrehs with respect tds

a\f —f.
yields the following expression fe+’(‘(’3|—5) ;

S

a(f; B f;)_af; afs* - Hs, —Hg,

al H

al ol

S S S

a(f: - £.)

so establishing thads,-Hs4<0 will establish that% <0. HsxHs4 can be expressed as the sum of

S

the following nine terms:
1) cnrrr,
2) ccr’rf
3) _r1r2r42
4) =2¢4,1,nr,

5) CloFalol
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6) —rIr,

7) —Cl f,r°
s'11'22' p

8) Clralyf

9) = Celalaal s

The first three terms can be combined into theofaihg expressmn:rlrf(csr1 -, —cpr3—5J, which is
r
p

identically equal to zero by the first-order conditions| rAmaining terms are negative, ldg>-Hs4<0.
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