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Obesity in the new millennium

J. M. Friedman

The Rockefeller University, Box 305, 1230 York Avenue, New York, New York 10021-6399, USA

Obesity has increased at an alarming rate in recent years and is now a worldwide public health problem. In
addition to suffering poor health and an increased risk of illnesses such as hypertension and heart disease,
obese people are often stigmatized socially. But major advances have now been made in identifying the
components of the homeostatic system that regulates body weight, including several of the genes
responsible for animal and human obesity. A key element of the physiological system is the hormone leptin,
which acts on nerve cells in the brain (and elsewhere) to regulate food intake and body weight. The
identification of additional molecules that comprise this homeostatic system will provide further insights into
the molecular basis of obesity, and possibilities for new treatments.

e live in an era in which advances in
medical research reverberate almost
instantly through society and culture.
This statement is well illustrated by the
visibility of recent progress in obesity
research. As described in this timely issue, substantial
advances have been made towards identifying the
components of a physiological system that regulates body
weight. Research in this area is at the centre of several
important medical and societal issues. First, obesity is a
pressing, some consider it the most pressing, health
problem in Western and developing countries (see review
by Kopelman, pp. 635-643, and ref. 1). Second, family
studies of obesity provide a general opportunity for
exploring the respective roles of genes and environment in
determining human characteristics (see review by Barsh et
al., pp. 644-651, and ref. 2). Third, research in this area
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has implications for the ways in which alterations of
nutritional state affect the function of other organ
systems’. Finally, obesity research intersects with
considerations of the molecular basis of human behaviour
and even the nature of free will (see review by Schwartz et
al., pp. 661-671, and refs 3, 4).

Dichotomous views on the causes of obesity
Because eating is an activity in which we all partake, it is not
surprising that almost everyone has an opinion about this
subject. (To paraphrase Paul Krugman in a recent New York
Times editorial, this establishes obesity as a political issue.)
Two essentially polar explanations characterize most views
onthe causes of human obesity.

One view suggests that obesity is the result of a funda-
mental lack of discipline on the part of affected individuals.
This view is undoubtedly advanced by the diet industry

Figure 1 Leptin and the regulation of adipose
tissue mass. The cloning of the ob gene and
the characterization of leptin has indicated
that body fat content is under homeostatic
control. The available data suggest that leptin
is the afferent signal in a feedback loop
regulating adipose tissue mass. Atan
individual’s stable weight (shown as15-20%
body fat in this figure, which is the typical fat
content of a non-obese subject) the amount
of circulating leptin elicits a state in which
food intake equals energy expenditure.
Increasing leptin levels result in negative
energy balance (energy expenditure < food
intake), whereas decreasing levels lead to
positive energy balance (food intake > energy
expenditure). These effects maintain
constancy of fat cell mass within a relatively
narrow range. Evidence further suggests that
the intrinsic sensitivity to leptin is reduced
among the obese and that the set point for
body fat content is thus increased (designated
as 30—-35% in the bottom panel). Most obese
individuals have high leptin levels and thus
enter a state of negative energy balance when
weight is reduced and leptin levels fall.
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Figure 2 The neural circuit activated by leptin. In the arcuate
nucleus of the hypothalamus the leptin receptor is expressed in
at least two different classes of neurons. One class expresses
NPY and AGRP, two neuropeptides that increase food intake.
Another class expresses POMC, the precursor of a-MSH, and
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which hasa financial interest (in aggregate greater than US$50 billion
each year) in promoting the notion that the only thing separating an
individual from his or her ‘dream’ physique is the implementation of
a few simple nostrums (provided by the company or author for a
modest fee). Although it is true that reducing weight does improve
the health of obese and overweight individuals, such remedies fail in
the vast majority of cases’. Thus more than 90% of individuals who
lose weight by dieting eventually return to their original weight.

The alternative view suggests that body weight (or more precisely,
the amount of body fat) is physiologically controlled and that devia-
tions in weight in either direction elicit a potent counter-response
that resists that change®. Implicit in this view is the notion that bio-
logical factors determine each individual’s body mass, be they lean or
obese, and that this state is then defended. The effectiveness of this
homeostatic system can be illustrated by a few simple calculations.
Opver the course of a decade, the weight of an average adult tends to
increase slightly. Approximately 10 million kilocalories are con-
sumed over this time. To account for the modest change of weight
that is generally observed (assuming the excess weight is deposited as
adipose tissue), food intake must precisely match energy output
within 0.17% per decade’. This extraordinary level of precision has
suggested that a robustbiological system balances energy input (food
intake) and energy expenditure. In recent years, this hypothesis has
received substantial experimental support. These data are artfully
reviewed in this issue and can be summarized as follows.

A threat to life expectancy
Obesity is formally defined as a significant increase above ideal
weight, ideal weight being defined as that which maximizes life
expectancy. Actuarial tables indicate that life expectancy is reduced
when body-mass index (BMI; defined as mass in kilograms divided
by the square of the height in metres), an indicator of adiposity or
fatness, is significantly increased above the ideal level (see review by
Kopelman, pp. 635-643, and refs 8,9). This definition formally qual-
ifies 20% of the US population, and a slightly lower percentage of the
European population, as obese. There has also been an alarming
increase in adolescent obesity in recent years'’. Thus obesity is associ-
ated with a significant increase in morbidity and mortality and is a
major public health problem. For reasons that are not fully known,
obesity is associated with an increased risk of hypertension, heart
disease, diabetes and cancer (see review by Kopelman, pp. 635-643).
Even modest weightloss ameliorates these associated conditions.
Inaddition to the prospect of diminished health, obese people are
often stigmatized both socially and in the workplace. Although the
premium on leanness has become especially prominent in late-
twentieth-century Western societies (at least among the affluent),
this view is very dependent on the cultural context. In many cultures,
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suppresses the activity of NPY/AGRP neurons and stimulates the
activity of POMC/CART neurons. Thus in the absence of leptin
the NPY/AGRP neurons are maximally active and food intake is
stimulated. In the presence of increased leptin levels the
POMC/CART neurons are maximally active and food intake is
reduced. When an individual is at their stable weight the activity
of these pathways is balanced. The neural mechanisms by which
these neurons ultimately change food intake are not known, as
represented by the question marks.

obesityis considered to be a sign of affluence and prestige, particular-
lyamong those cultures where food isless available. In modern times,
however, intense pressure to be thin is felt by most individuals, lean
and obese. Despite this, obesity affects a significant and increasing
number of individuals®.

Thus the critical question is, within a relatively homogenous
environment, why are some individuals lean and others obese? The
answer to this question has been informed by the identification of a
number of genes that are responsible for animal and human obesity.
Twin studies, analyses of familial aggregation and adoption studies
all indicate that obesity is largely the result of genetic factors (see
review by Barsh et al., pp. 644—651, and ref. 2). Indeed, the heritabili-
ty of obesity is roughly equivalent to that of height and exceeds that of
many disorders that are generally considered to have a genetic basis.
The identity of several of these genes is now known and in these
instances the evidence that obesity is not simply a personal failing is
overwhelming.

Leptin and body-weight regulation

In general, obesity genes encode the molecular components of the
physiological system that regulates body weight. A key element of this
system is the hormone leptin’. Leptin is produced by fat tissue and
reports nutritional information to key regulatory centres in a brain
region known as the hypothalamus (Fig. 1). A decrease in body fat
leads to a decreased level of this hormone, which in turn stimulates
food intake. In addition, decreased leptin levels activate a hormonal
response thatis characteristic of the starved state''. Increased body fat
is associated with increased levels of leptin, which act to reduce food
intake. By such a mechanism, weight is maintained within a relatively
narrow range. As would be predicted, mutations that result in leptin
deficiency are associated with massive obesity in humans as well as
rodents'>". Leptin can also affect energy expenditure, which, in
other contexts, is regulated independently of food intake (see review
by Lowell and Spiegelman, pp. 652—660, and ref. 14). Changes in
leptin concentration have effects on many other organ systems,
including reproduction, the immune system and bone formation,
which indicates that leptin is an important means by which changes
in nutritional state affect physiology’.

Why then are some individuals obese and others not? It seems that
the intrinsic sensitivity to leptin is variable and that, in general, obese
individuals are leptin-resistant™*"*. A smaller subset of individuals
seems to produce too little leptin. In principle, genetic, environmen-
taland even psychological factors could influence leptin sensitivity or
leptin production. The molecular basis for leptin resistance has been
explained in some instances. Leptin acts on nerve cells in the brain
and modulates their function (Fig. 2). Several key molecules in this
neural network are brain peptides known as neuropeptide Y (NPY)
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andagouti-related protein (AGRP), which stimulate food intake, and
a-melanocyte-stimulating hormone (a-MSH) and cocaine- and
amphetamine-regulated transcript (CART), which decrease food
intake (see review by Schwartz et al., pp. 661-671, and refs 2, 16, 17).
These neural circuits also regulate energy expenditure by means of
effects on several key molecules that have recently been identified (see
review by Lowell and Spiegelman, pp. 652—-660). These effectors
include uncoupling proteins and peroxisome proliferator-activated
receptor-y (PPAR-vy) co-activator-1 (PGC-1), a key regulator of the
genes that control thermogenesis'. Genetic evidence indicates that
leptin regulates energy balance by modulating the balance among the
aforementioned (and other) neuropeptides’. Mutations in pro-
opiomelanocortin (POMC), the precursor of a-MSH, are associated
with obesity"’. In ~3-5% of extremely obese individuals, mutations
in an MSH receptor (MC4R) result in a defect in MSH signalling,
which causes leptin resistance'®***'. Mutation in the leptin receptor is
also associated with extreme obesity”’. In other cases it has been
suggested that defective transport of leptin across the blood—brain
barrier is the cause of leptin resistance and obesity””. Several other
factors undoubtedly influence the function of this neural network,
and the identification of additional molecules that comprise the
neural system will shed more light on the molecular basis of obesity
andleptin resistance.

Impact of environmental factors

There is plasticity of this system and such factors as diet, environ-
ment, age and perhaps exercise are also important in the pathogene-
sis of obesity (see review by Kopelman, pp. 635-643, and ref. 24).
Thus the system that regulates weight sets a range of body weight in
an individual and that range can be further influenced by other
factors. For example, it is often noted that the incidence of obesity is
rising dramatically in newly Westernized (so-called ‘Coca Cola-
nized’) societies. In addition, the advent of a high-fat, Western diet is
associated with astaggeringincrease inbody weightamonganumber
of native populations*”. It is worth noting that a similar trend has
also been observed for height in the twentieth century. The average
US Civil War soldier was 5 feet 4 inches (1.63 m) tall, yet most people
accept that biological factors contribute to differences in stature. The
mechanisms by which environmental factors modulate the physio-
logical system that controls weight are poorly understood, but in
time they should prove tractable. Environmental factors have been
shown to affect leptin sensitivity, as a high-fat diet leads to leptin
resistance, although the basis for this is poorly understood’.

What then determines when we eat and how much we eat?
Feeding behaviour is complex and is dependent on many factors,
including olfactory, visual, emotional and higher cognitive inputs as
well as leptin and several other nutritional signals. As the decision of
whether or not to eat is the result of neurochemical events in the
brain, and not metaphysical, there must be integratory centre(s) that
balance all of these inputs. A fuller understanding of these neural
events is likely to reveal the mechanisms by which complex behav-
ioural decisions are made, not only for eating, but also perhaps for
other complex behaviours.
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Tremendous scientific opportunities abound. Recent insights
into the molecular mechanisms that regulate weight have already
led to numerous possibilities for new treatments and this trend
will undoubtedly accelerate (see review by Bray and Tartaglia, pp.
672-677). But for the moment there is no panacea. So the final
message is this...weight loss and exercise improve health and
should be encouraged. However, a robust biological system makes
it exceedingly difficult for most individuals to maintain weightloss
for an extended period of time. This fact has deep implications for
our perception of obesity and the obese. O
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