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Abstract

Obesity is operationally defined using a relationship of height and weight called the body mass index. Using this measure, more
than 60% of Americans are overweight and over 30% are obese. To determine the importance of the body mass index, which would
also label many athletes “overweight”, we also need assessment of central fatness, and the medical conditions present in any given
person. A problem of this magnitude is expensive, costing between 3% and 8% of health budgets in various countries. An increasing
body weight increases the risk of early mortality, and enhances the risk of developing diabetes, gall bladder disease, high blood pres-
sure, heart disease, osteoarthritis and certain forms of cancer. Although obesity results from an imbalance between what is eaten and
what the body needs for its daily activities, these relationships are complex, and it is the “devil in the details” that is needed to pro-
vide clear public health strategies to prevent the progression of what some have called an epidemic.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

I start with the premise that all of us want to have a
healthy weight, and that no one wants to be obese.
Interest in obesity has taken a sharp up-turn in recent
years and the prevalence of this problem by any stan-
dards has increased rapidly. An unhealthy weight can
be viewed as the result of a chronic, stigmatized, neuro-
chemical disease. In this context, the goal is to return
body weight to a healthy level and to remove the stigma
associated with the use of the word obesity. To consider
it in the context of a neurochemical derangement has the
advantage of focusing on the underlying mechanisms
that produce the distortion in energy balance that pro-
duces the unhealthy weight (Bray & Champagne, 2005).

2. Definition of obesity
2.1. Body mass index

Throughout the past 50 years there has been a steady
rightward shift in the distribution curve for body weight.
This trend can be most effectively traced using the BMI,
defined as the weight in kilograms divided by the height
in meters squared [W/(H)?], which provides a useful
operating definition of overweight. A normal BMI is be-
tween 18.5 and <25kg/m?, a BMI between 25 and
29.9 kg/m? is operationally defined as overweight, and
individuals with BMI >30 kg/m? are obese, after taking
into consideration muscle builders, and other resistance
trained athletes. BMI also provides one way to estimate
the risk associated with obesity (NHLBI, 1998; WHO,
2000). However, to interpret it properly, several other
pieces of information are needed. These include infor-
mation about the ethnicity of the individual. For Asians,
a BMI of more than 23 is considered overweight, and
the cut-point for obesity is a BMI of greater than
25 kg/m?, well below that of the Caucasian population.
Age is also an important consideration. A high BMI
at a young age implies longer years of excess weight
and a higher lifetime risk. Whether the BMI is rising,
falling or stable is also important. A rising BMI carries
more risk than a stable one. Whether the individual is
physically active is also important. Higher levels of

physical activity reduce the detrimental effects of any gi-
ven BMI and all Americans should be encouraged to
have a regular program of physical activity. The final
piece of information needed to interpret the BMI is
whether it is associated with an increase in central
adiposity.

2.2. Central adiposity

Centrally distributed body fat carries more risk for
health than fat located primarily on the hips and thighs.
The waist circumference is a practical measure of central
adiposity and is a surrogate for more precise measures
such as a CT or MRI scan of the abdomen at the L-4-
5 position. When BMI and waist circumference were
used to predict the risk of hypertension, dyslipidemia
and the metabolic syndrome, the waist circumference
was shown to be a better predictor than the BMI (Bray,
2004; Janssen, Katzmarzyk, & Ross, 2004).

2.3. Prevalence of obesity

Using the BMLI, it is clear that there is an epidemic of
obesity that began in the 1980s and which continues
unabated. It affects children as well as adults. We are
now seeing a rise in the prevalence of Type 2 diabetes
in adolescents that is directly related to obesity. Obesity
and overweight now affect more than 60% of adult
Americans. Diabetes mellitus, hypertension, heart dis-
ease, gall bladder disease and some forms of cancer re-
sult from obesity. Whether these diseases are yet
present or not, the obese patient should be encouraged
to lose weight by appropriate methods in order to re-
duce the future likelihood that they will develop. More
females than males are overweight at any age. The fre-
quency of overweight increases with age to reach a peak
at 45-54 years in men and at age 55-64 in women.

At birth, the human infant contains about 12% body
fat. During the first year of life, body fat rises rapidly to
reach a peak of about 25% by 6 months of age and the
declines to 18% over the next 10 years. At puberty, there
is a significant increase in the percentage of body fat in
females and a fall in males. By age 18, males have
approximately 15-18% body fat, and females 25-28%.
Between ages 20 and 50, the fat content of males
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approximately doubles and that of females goes up by
about 50%. Total body weight, however, rises by only
10-15% indicating that fat is accounting for a larger part
by the rise in body weight and is accompanied by a
reduction in lean body mass.

Obesity has a higher prevalence in Latino and Afri-
can—American populations (Flegal, Carroll, Ogden, &
Johnson, 2002; Ogden, Flegal, Carroll, & Johnson,
2002). The rising prevalence is shown in Fig. 1.

Recent data (CDC, 2005) show a continued increase
in the prevalence of obesity. Both height and weight
have increased in adults aged 20-74 between 1960 and
2002. Men increased from 172.7cm (68in.) to
176.5cm (69.51in.) and women from (160 cm) (63) to
162.5cm (64 in.) during this period. For men weight
rose from 75.6 kg (166.3 1bs) to 86.8 kg (191 lbs) and
for women from 63.7kg (140.21bs) to 74.7kg
(164.3 1bs), for an average increase of BMI from 25.2
to 28 kg/m? for men and from 24.8 to 28.2 kg/m? for wo-
men during this 42 year period. The increase in weight
was greater in older men than younger ones, but the re-
verse was true for women with older women gaining less
than younger ones. Similar effects are seen in children
with the weight of 10 year old boys rising from 33.7 kg
(74.2 1bs) in 1963 to 38.6 kg (85 Ibs) in 2002 and for 10
year old girls rising from 35.2 kg (77.41bs) to 40 kg
(88 1bs) in this same interval. These increases in weight
were associated with increases in BMI for both boys
and girls. For a 7-yr-old boy the BMI increased from
15.8 to 17.0 kg/m® between 1963 and 2002 and for 7-
yr-old girls it rose from 15.8 to 16.6 kg/m?. For 16-yr-
old boys it rose from 21.3 to 24.1 kg/m? in this interval
and for girls from 21.9 to 24.0 kg/m?.

2.4. Costs
Obesity is expensive, costing between 3% and 8% of

health budgets (Finkelstein, Fiebelkorn, & Wang,
2004). Hospital costs and use of medication have also
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Fig. 1. Prevalence of obesity.

been shown to increase with the increasing BMI (Que-
senberry, Caan, & Jacobson, 1998).

3. Risks related to obesity
3.1. Obesity and excess mortality

As the BMI increases, there is a curvilinear rise in ex-
cess mortality. This excess mortality rises more rapidly
when the BMI is above 30 kg/m”>. A BMI over 40 kg/
m? is associated with a further increase in overall risk
and for the risk of sudden death. The principal causes
of the excess mortality associated with overweight in-
clude hypertension, stroke and other cardiovascular dis-
eases, diabetes mellitus, certain cancers, reproductive
disorders, gall bladder disease, and sudden death.

The insulin resistant state or metabolic syndrome is
strongly associated with visceral fat. It may include con-
sequences such as glucose intolerance or Type 2 diabetes
mellitus, hypertension, polycystic ovarian syndrome,
dyslipidemia and other disorders. These are often
responsive to weight loss, especially when this is
achieved early and the loss is maintained.

4. Pathophysiology
4.1. The fat cell as an endocrine cell

Two mechanisms can explain the pathophysiological
effects of obesity: the first is increased fat mass which
can explain the stigmatization of physically obvious
obesity, and the accompanying osteoarthritis and sleep
apnea. The second mechanism is the increased amount
of peptides that may produce associated diseases by act-
ing on distant organs. The discovery of leptin catapulted
the fat cell into the arena of endocrine cells (Kershaw &
Flier, 2004). In addition to leptin, there are increased
amounts of cytokines, angiotensinogen, adipsin (Com-
plement D), etc., and metabolites such as free fatty acids
and lactate. In contrast, adiponectin release is decreased
in obesity (Fig. 2). The products of the fat cell in turn
modify the metabolic processes in the host. For the sus-
ceptible host, these metabolic changes lead in turn to a
variety of other processes, including hyperinsulinemia,
atherosclerosis, hypertension, and physical stress on
bones and joints.

4.2. Visceral fat

A considerable body of data suggests that visceral fat
has a stronger relationship with the complications asso-
ciated with obesity than total body fat (Kanaya et al.,
2003). Central adiposity is one of the key components
of the metabolic syndrome whose diagnostic criteria
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Fig. 2. The fat cell as an endocrine cell.

based on the recommendation of the National Choles-
terol Education Program Adult Treatment Panel III
are shown in Table 1 (Expert Panel, 2001; Park et al.,
2003).

5. Complications
5.1. Death

The complications associated with obesity are related
to the increased mass of fat and the enlarged size of fat
cells and contribute to the 112,000 to 565,000 excess
deaths per years (Mokdad, Marks, Stroup, & Gerber-
ding, 2004; Flegal, Graubard, Williamson, & Galil,
2005). Obesity is associated with shortened life span.
Using either the NCHS data (CDC, 2005) or the Fra-
mingham data (Peeters et al., 2003) a BMI of 30 or more
reduces years of life by 3-5 compared to normal weight.
This effect has ethnic differences with black women
showing fewer years of life lost for a given increase in
BMI than black men or white men or women (Fontaine,
Redden, Wang, Westfall, & Allison, 2003; Peeters et al.,
2003).

5.2. Diseases

The curvilinear, “J”-shaped relationship of BMI to
risk of complications, which has been known for 100

Table 1
Criteria for the Metabolic Syndrome, which is present if an individual
has any three of the risk factors

Risk factor Defining level

Abdominal obesity (waist circumference)
Men >102 cm (>40 in.)

Women > 88 cm (>351n.)
HDL-cholesterol

Men <40 mg/dL

Women <50 mg/dL
Triglycerides >150 mg/dL
Fasting glucose >110 mg/dL
Blood pressure (SBP/DBP) >130/>85 mmHg

years, applies to Caucasian males more than Caucasian
females and to a much lesser extent to African—Ameri-
can females (Calle, Thun, Petrelli, Rodriguez, & Heath,
1999). The prevalence of diabetes mellitus is high in all
ethnic groups, but the risk of cardiovascular events
shows highly significant ethnic differences. For example,
increasing BMI shows only a small increase in mortality
among Black women, in contrast to the rise in death rate
with increasing BMI observed in White men and wo-
men. Many kinds of cancers are related to obesity
(Calle, Rodriguez, Walker-Thurmond, & Thun, 2003).
Recently, obesity has been added to the group of dis-
eases where inflammatory markers, such as C-reactive
protein, are increased (Esposito et al., 2003; Weisberg
et al., 2003).

6. Pathogenesis of obesity
6.1. Neuroendocrine obesity

Several mechanisms lead to obesity. Obesity can fol-
low damage to the ventromedial part of the hypothala-
mus in the brain, but this is rare. Cushing’s disease is
somewhat more common and can present with obesity.
Treatment should be directed at the cause of the in-
creased formation of adrenal corticosteroids.

6.2. Drug-induced weight gain

Treatment of diabetics with insulin, sulfonylureas or
thiazolidinediones, but not metformin can increase hun-
ger and food intake, resulting in weight gain. Treatment
with some antidepressants, antiepileptics and neurolep-
tics can also increase body weight, as can cyprohepta-
dine, probably through effects on the monoamines in
the central nervous system.

6.3. Dietary obesity

Eating a high-fat diet and excessive consumption of
sugar-sweetened beverages and the prevalence of abun-
dant varieties of food in cafeterias or supermarkets are
dietary factors in the development of obesity. Larger
portion sizes increase the amount we eat. It would seem
a simple enough behavioral change to “eat less™, but the
programs that have tried to introduce behavior change
strategies have made few effective inroads yet. Pushing
oneself away from the table is easier to say than it is
to do in practice when good tasting food is abundantly
available at cheap prices.

6.4. Reduced energy expenditure

Reduced energy expenditure relative to energy intake
is the other major component in the cause of obesity in
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modern society. Energy expenditure can be divided into
four parts: resting metabolism ranges from 3.37 to
3.76 MJ/m?/24 h (800-900 kcal/sq m/24 h). It is lower
in females than in males, and declines with age. This de-
cline with age could account for much of the increase in
fat stores if food intake does not decline similarly. Phys-
ical exercise is variable but on average is responsible for
about one-third of the daily energy expenditure. From a
therapeutic point of view, this component of energy
expenditure is most easily manipulated. Dietary thermo-
genesis is the energy expenditure that follows the inges-
tion of a meal. Heat produced by eating may dissipate
up tol0% of the ingested calories. Protein appears to
have the largest effect. These thermic effects of food
are one type of metabolic “inefficiency” in the body, that
is, where dietary calories are not available for “useful”
work. In the obese, the thermic effects of food are re-
duced particularly in individuals with impaired glucose
tolerance or diabetes. Acute over- or underfeeding will
produce corresponding shifts in overall metabolism,
which can be as large as 15-20%. Thus increasing phys-
ical activity, and energy expenditure would seem a good
way of “preventing’ obesity. However, it must be more
difficult than it seems, otherwise the US Army would not
have to discharge large numbers of men and women
from military service each year because they do not con-
tinue to meet the military’s weight standards. If losing
your job and support for your family is not sufficient
motivation to increase physical activity enough to lose
weight, the problem must be more intransigent that it
would seem on the surface.

6.5. Genetic factors in obesity

6.5.1. Syndromes of obesity

Genetic factors can produce some types of obesity
that are easily recognized. Among these type of obes-
ity are: (1) The Bardet-Biedl syndrome, characterized
by retinal degeneration, mental retardation, obesity,
polydactyly, and hypogonadism (Sheffield et al.,
1994); (2) the Alstrom syndrome, characterized by
pigmentary retinopathy, nerve deafness, obesity, and
diabetes mellitus (Alstrom, Hallgren, Nilsson, &
Asander, 1959); (3) Carpenter syndrome, character-
ized by acrocephaly, mental retardation, hypogonad-
ism, obesity, and preaxial syndactyly (Robinson,
James, Mubarak, Allen, & Jones, 1985); (4) the
Cohen syndrome, characterized by mental retarda-
tion, obesity, hypotonia, and characteristic facies
(Kolehmainen et al., 2004); (5) the Prader-Willi syn-
drome, characterized by hypotonia, mental retarda-
tion, hypogonadism, and obesity (Smith, 1999); and
(6) the pro-opiomelanocortin (POMC) syndrome,
characterized by defective production of POMC that
is recognized as a red-headed fat child with a low
plasma cortisol (Krude et al., 1998).

6.5.2. Genetic susceptibility to obesity

If both parents are obese, about 80% of the offspring
will be obese. If only one parent is obese, the likelihood
of obesity in the offspring falls to less than 40%. Studies
with identical twins suggest that inheritance accounts for
up to 70% and environmental factors (diet, physical
inactivity, or both) account for the rest of the variation
in body weight. What this means is that if pairs of twins
who have identical genetic make-up are put into our
food toxic environment, each member of a pair will re-
spond very similarly to the other member, but that there
will be large differences between the pairs of twins. Thus,
some pairs will gain weight, others not, but at the end
the heavier twins will gain almost exactly as much and
the lighter pairs will gain less, but also similar amounts
(Bouchard et al., 1990).

6.5.3. Single gene causes of obesity

Leptin deficiency and deficiency of the leptin receptor
are rare, but are associated with massive human obesity.
Absence of convertase also has been associated with
obesity in one family.

The most common defects associated with massive
obesity are abnormalities in the melanocortin receptor
system where up to 5% of massively obese young people
may have this type of defect.

7. Conclusions

This brief review of the epidemiology and pathogen-
esis of obesity has pointed out the obesity epidemic that
current plagues most part of the world. A number of the
mechanisms that underlie the epidemic were discussed.
Although the solution for individuals of eating less
and exercising more sounds good, it is not currently
working. As the costs of the epidemic of human and eco-
nomic terms begin to “bite’”” into our economic fabric,
serious steps may be taken to curb this latent hazard
to our way of life.
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