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INTRODUCTION

The prevalence of obesity is increasing
globally, with nearly half a billion of the World’s
population now considered to be overweight or
obese (Rossner, 2002). The pandemic of obesity
is so great that it has even spawned a new word
‘globesity’ (Speakman, 2003). The obesity
epidemic is related both to dietary factors and to
an increasingly sedentary lifestyle. Obesity has
significant co-morbidities and these are asso-
ciated with substantial health care and social
costs. It is a complex disorder of appetite regu-
lation and energy metabolism controlled by
specific biological factors.

Obesity can be defined as a disease in which
excess body fat has accumulated such that health
may be adversely affected (Kopelman, 2000).
Obesity can only occur when the energy value of
food eaten exceeds energy expended. This
situation is known as “a positive energy balance”.
In this situation the excess intake of energy
inevitably appears as deposits of fat. Obesity is a
worldwide communal health problem. The
problem does not only affect developed
countries, as there is now a significant increase
in overweight and obesity throughout the
developing world (CPHA, 2006).

A more common and scientifically acceptable
definition is the “Quetelet Index”, also known as
the “Body Mass Index” (BMI). This is calculated
by dividing the weight of a person in kilograms
by the square of the height in metres (Sanchez-
Garcia, 2007). For example, a person who weighs
63.5 kg and is 1.68 m tall has a BMI of: 63.5/1.68²
= 22.5 kg/m2. A BMI of 25 is regarded as the upper
limit of normality, a BMI of 18-20 as the lower
limit. A BMI between 25 and 30 is considered
overweight. Unless an overweight person is also
at extra risk for other life-threatening diseases,
due to smoking habits, high serum cholesterol
levels etc., this condition does not require urgent
treatment. A BMI above 30 is considered obese.
This condition requires treatment quite urgently.
Assessing obesity in children is more difficult
than in adults. Application of the BMI to children
is generally considered to be inappropriate
(Mukhopadhyay et al., 2005).

Obesity is caused by a combination of both
genetic and environmental influences. It may
develop at any age in either sex and is as increas-
ing health problem. The excess of fat in men tends
to accumulate in the upper abdomen. In women
the favored sites for the accumulation of fat are
the buttocks, hips and thighs (Bose, 1995). The
site of fat accumulation is considered a predo-
minant factor for metabolic disorders of obesity
(Van Gaal et al., 1988). However, the incidence of
obesity was found to be higher among women
than men (Pi-Sunyer, 1994).

Current prevalence data from individual
national studies collated by the International
Obesity Task force (IOTF, 2007) suggest that
obesity ranges from 10 to 20% for men, and 10 to
25% for women. Kopelman (2000) suggests that
obesity is now so common within the world’s
population that it is beginning to replace under-
nutrition and infectious diseases as the most
significant contributor to ill health. It is estimated
that, at the beginning of this century, more people
will die from complications of overnutrition than
of starvation.

In most industrial societies, obesity and
overweight are increasing in prevalence. The
prevalence of obesity has recently increased in
Asian as well as Western countries (Ohzeki et al.,
1990). Obesity is relatively common in Europe. In
the UK it was estimated in 1987 that 8% of men
and 12% of women were obese, while 37% of men
and 24% of women were overweight. In Germany
(West) in 1992 42% of men and 28% of women
were overweight, while 11% of men and 12% of
women were obese. In the Netherlands in 1992
self-reported prevalence of obesity (depending
on age) was estimated at 2% to 6% for men and
4% to15% for women (WHO, 2000).

There is evidence that an increasing number
of children and adolescents are overweight. Even
though all overweight children will not necessarily
become overweight adults, the increasing preva-
lence of obesity in childhood is likely to be reflec-
ted in increasing obesity in adult years. The high
prevalence of obesity in our adult population and
the likelihood that the nation of the future will be
even more obese demand a reassessment of the
health implications of this condition (NIH, 1985).
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Childhood obesity and its consequences are
emerging as a global problem. Data from 79
developing countries and a number of indus-
trialized countries suggest that, by WHO standards,
about 22 million children aged under 5 are
overweight globally. Obesity affects almost 10%
of schoolchildren in industrialized countries and
high rates are also emerging in some of the
developing ones. Some 30% of obese children
become obese adults (IOTF, 2007).

The increasing prevalence of childhood
obesity throughout the past two decades has
been emphasized in many Western countries. The
World Health Organization (2000) recognized
obesity as a major public health epidemic
worldwide, in developed as well as in some
developing countries. In the UK, the prevalence
of overweight in children was 14.7% in 1989 and
23.6% in 1998, while that of obesity increased
from 5.4 to 9.2% during this period (Bundred et
al., 2001). Between 1975 and 1995 the prevalence
of overweight rose from 10.0 to 16.3% in German
boys, and from 11.7 to 20.7% in German girls
(Kromeyer-Hauschild et al., 1999). Between 1963
and 1991, the prevalence of overweight increased
from 15 to 22.5% in 6-11 years old North American
children, while that of obesity increased from 5
to 11% (Troiano et al., 1995).

CAUSES  OF  OVERWEIGHT  AND  OBESITY

Genetic influence

Obesity is a complex multifactorial chronic
disease developing from interactive influences
of numerous factors-social, behavioral, physio-
logical, metabolic, cellular and molecular. Genetic
influences are difficult to elucidate and identi-
fication of the genes is not easily achieved in
familial or pedigree studies. Furthermore, what-
ever the influence the genotype has on the etio-
logy of obesity, it is generally attenuated or
exacerbated by nongenetic factors.

A large number of twin, adoption, and family
studies have explored the level of heritability of
obesity; that is, the fraction of the population
variation in a trait (e.g., BMI) that can be explained
by genetic transmission. Recent studies of
individuals with a wide range of BMIs, together
with information obtained on their parents,
siblings, and spouses, suggest that about 25 to
40 percent of the individual differences in body
mass or body fat may depend on genetic factors

(Bouchard et al., 1988; Vogler et al., 1995).
However, studies with identical twins reared apart
suggest that the genetic contribution to BMI may
be higher, i.e., about 70 percent (Stunkard, 1990).
There are several other studies of monozygotic
twins reared apart that yielded remarkably consis-
tent results (Allison et al., 1996a). Some of the
reasons behind the different results obtained from
twin versus family studies have been reported
(Allison, 1995; Allison and Pi-Sunyer, 1995; Maes
et al., 1997). The relative risk of obesity for first-
degree relatives of overweight, moderately obese,
or severely obese persons in comparison to the
population prevalence of the condition reaches
about 2 for overweight, 3 to 4 for moderate
obesity, and 5 and more for more severe obesity
(Allison et al., 1996b; Lee et al., 1997).

Support for a role of specific genes in human
obesity or body fat content has been obtained
from studies of Mendelian disorders with obesity
as one of the clinical features, single-gene rodent
models, quantitative trait loci from crossbreeding
experiments, association studies and linkage
studies. From the research currently available,
several genes seem to have the capacity to cause
obesity or to increase the likelihood of becoming
obese (Chagnon et al., 2003). The rodent obesity
gene for leptin, a natural appetite-suppressant
hormone, has been cloned (Zhang et al., 1994), as
has been its receptor (Tartaglia et al., 1995). In
addition, other single gene mutants have been
cloned (Tartaglia et al., 1995; Montague, 1997).
However, their relationship to human disease has
not been established, except for one study
describing two subjects with a leptin mutation
(Montague, 1997). This suggests that for most
cases of human obesity, susceptibility genotypes
may result from variations of several genes.

Severely or morbidly obese persons are, on
the average, about 10 to 12 BMI units heavier
than their parents and siblings. Several studies
have reported that a single major gene for high
body mass was transmitted from the parents to
their children. The trend implies that a major
recessive gene, accounting for about 20 to 25
percent of the variance, is influenced by age and
has a frequency of about 0.2 to 0.3 (Bouchard et
al., 1998). However, no gene(s) has (have) yet
been identified. Evidence from several studies has
shown that some persons are more susceptible
to either weight gain or weight loss than others
(Bouchard and Tremblay, 1990). It is important
for the practitioner to recognize that the pheno-
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menon of weight gain cannot always be attributed
to lack of adherence to prescribed treatment
regimens.

Research continues into the genetics of
obesity and an update of the human obesity gene
map has been published. More than 300 genes,
markers, and chromosomal regions have been
associated or linked with human obesity
phenotypes. The number of genes and other
markers associated or linked with human obesity
phenotypes continues to expand (Chagnon et al.,
2003). Of course, some of these loci will turn out
to be more important than others, and many will
eventually be proven to be false positives. The
main goals remain to identify the combination of
genes and mutations that are contributing to the
predisposition to human obesity and to determine
the environmental circumstances under which
these gene combinations and mutations occur.
As we near the completion of the final draft of the
human genome sequence and, with it, a more
exhaustive annotation of the genome, we expect
continuous advances in the understanding of the
genetic basis of the predisposition to human
obesity (Rossner, 2002).

Environmental Origin

The environment is a major determinant of
overweight and obesity. Environmental influences
on overweight and obesity are primarily related
to food intake and physical activity behaviors
(James, 1995). In developed countries like the
United States, there is an overall abundance of
palatable, calorie-dense food. In addition,
aggressive and sophisticated food marketing in
the mass media, supermarkets, and restaurants,
and the large portions of food served outside the
home, promote high calorie consumption. Many
of our sociocultural traditions promote overeating
and the preferential consumption of high calorie
foods. For many people, even when calorie intake
is not above the recommended level, the number
of calories expended in physical activity is
insufficient to offset consumption. Mechaniza-
tion limits the necessity of physical activity
required to function in society. Many people are
entrenched in sedentary daily routines consisting
of sitting at work, sitting in traffic, and sitting in
front of a television or a computer monitor for
most of their waking hours. In this obesity-
promoting environment, individual attitudes and
behaviors are critical in weight management.

Many individuals may need extended treatment
in clinical or community settings to enable them
to cope with the complexities of long-term weight
management, especially if there is a history of
unsuccessful attempts at self-treatment (Thomas,
1995). When the typical daily routine is so
strongly biased towards promoting and perpetua-
ting overweight and obesity, very high levels of
knowledge, motivation, personal behavioral
management skill, and lifestyle flexibility are
required for an overweight or obesity-prone
individual to avoid becoming overweight, or
progressing to moderate or severe obesity.

Although there are unquestionably some
inter- and intra-population variations in the
genetic predisposition to become overweight or
obese, several lines of evidence suggest that
genetic factors alone cannot explain the demo-
graphic and ethnic variations in overweight and
obesity prevalence. For example, there is a
difference in obesity prevalence among low- and
high-income white women in industrialized
societies (Sobal and Stunkard, 1989; Kumanyika,
1994). Other studies of populations, including
migration studies, have shown an increase in
average body weight in those who move from a
traditional to a Westernized environment (Kawate
et al., 1979; Kawate et al., 1980; Taylor et al., 1985;
Ravussin et al., 1994). Culturally determined
attitudes about food, physical activity, and factors
that vary with income, education, and occupation
may increase the level of difficulty in weight
management. Body image concerns and other
motivations for avoiding obesity or controlling
weight within given limits also vary with ethnic
background, age, socioeconomic status, and
gender. Thus, the competence of practitioners in
working with diverse socio-cultural perspectives
can be a critical factor in the success of obesity
treatment (Kumanyika and Morssink, 1997).

HEALTH  IMPLICATIONS  OF
OVERWEIGHT  AND  OBESITY

Morbidity  Pattern

Above a BMI of 20 kg/m2, morbidity for a num-
ber of health conditions increases as BMI
increases. Higher morbidity in association with
overweight and obesity has been observed for
hypertension (Stamler et al., 1978; Criqui et al.,
1982; Dyer and Elliott, 1989), type 2 diabetes (Lew
and Garfinkel, 1979; Colditz, 1990; Chan et al.,
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1994), coronary heart disease (CHD) (Lundgren
et al., 1989; Haffner et al., 1991), stroke (Hubert et
al., 1983; Walker et al., 1996; Rexrode, 1997),
gallbladder disease (Stampfer et al., 1992; Khare
et al., 1995), osteoarthritis (Hart and Spector, 1993;
Hochberg et al., 1995; Cicuttini et al., 1996), sleep
apnea and respiratory problems (Shepard, 1992;
Chua and Chediak, 1994; Loube et al., 1994) and
some types of cancer (endometrial, breast,
prostate and colon) (Rosenberg et al., 1990; Chu
et al., 1991; Hunter and Willett, 1993; Giovannucci,
1995; Schottenfeld and Fraumeni, 1996). Obesity
is also associated with complications of
pregnancy, menstrual irregularities, hirsutism,
stress incontinence and psychological disorders
(depression) (Keppel and Taffel, 1983; Garbaciak
et al., 1985; Dunaif, 1992; Rich-Edwards, 1994).
The nature of obesity-related health risks is
similar in all populations, although the specific
level of risk associated with a given level of
overweight or obesity may vary with ethnicity,
and also with age, gender, and societal conditions.
For example, the absolute risk of morbidity in
chronic conditions such as CHD is highest in the
aged population, while the relative risk of having
CHD in obese versus nonobese individuals is
highest in the middle adult years (Rabkin et al.,
1977; Feinleib, 1985; Garrison and Castelli, 1985).
A high prevalence of diabetes mellitus in
association with obesity is observed consistently
across ethnicities, while the relative prevalence
of hypertension and CHD in obese versus
nonobese populations varies between groups.

The additional health consequences of over-
weight and obesity are associated with increased
risks of gall bladder disease, incontinence,
increased surgical risk, and depression. Obesity
can affect the quality of life through limited
mobility and decreased physical endurance as
well as through social, academic, and job dis-
crimination. The principal health implications of
overweight and obesity are depicted below :

(a)  Diabetes  Mellitus

The increased risk of diabetes as weight
increases has been shown by prospective studies
in Norway (Westlund and Nicolaysen, 1972), the
United States (Lew and Garfinkel, 1979), Sweden
(Larsson et al., 1981) and Israel (Medalie et al.,
1974). More recently, the Nurses’ Health Study,
using data based on self-reported weights, found
that the risk of developing type 2 diabetes

increases as BMI increases from a BMI as low as
22 (Colditz et al., 1990). Since women in particular
tend to underreport weight, the actual BMI values
associated with these risks are likely to be higher
than the Nurses’ Health Study data would
suggest. An association between type 2 diabetes
and increasing relative weight is also observed
in populations at high risk for obesity and
diabetes, such as in American Indians (Knowler
et al., 1981). In recent studies, the development
of type 2 diabetes has been found to be
associated with weight gain after age 18 in both
men (Chan et al., 1994) and women (Colditz et al.,
1990). The relative risk of diabetes increases by
approximately 25 percent for each additional unit
of BMI over 22 kg/m2 (Colditz et al., 1995). In
addition, in a prospective study representative
of the U.S. population, it was recently estimated
that 27 percent of new cases of diabetes was
attributable to weight gain in adulthood of 5 kg
(11 lb) or more (Ford et al., 1997). Both cross-
sectional (Sparrow et al., 1986; Haffner et al.,
1991), and longitudinal studies (Lundgren et al.,
1989; Chan et al., 1994) show that abdominal
obesity is a major risk factor for type 2 diabetes
(Sparrow et al., 1986; Chan et al., 1994).

(b)  Hypertension

Data from NHANES III show that the age
adjusted prevalence of high blood pressure
increases progressively with higher levels of BMI
in men and women (Brown et al., 2000). High blood
pressure is defined as mean systolic blood pressure
≥140 mmHg, and or mean diastolic blood pressure
≥90 mmHg, or currently taking anti-hypertensive
medication. The prevalence of high blood pressure
in adults with BMI ≥ 30 is 38.4 percent for men and
32.2 percent for women, respectively, compared
with 18.2 percent for men and 16.5 percent for
women with BMI < 25, a relative risk of 2.1 and 1.9
for men and women, respectively. The direct and
independent association between blood pressure
and BMI or weight has been shown in numerous
cross-sectional studies (Stamler et al., 1978; Criqui
et al., 1982), including the large international study
of salt (INTERSALT) carried out in more than 10,000
men and women (Dyer and Elliott, 1989). INTER-
SALT reported that a 10 kg (22 lb) higher body
weight is associated with 3.0 mmHg higher systolic
and 2.3 mmHg higher diastolic blood pressure
(Dyer and Elliott, 1989). These differences in blood
pressure translate into an estimated 12 percent
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increased risk for CHD and 24 percent increased
risk for stroke (Cutler et al., 1985). Positive
associations have also been shown in prospective
studies (Ballantyne et al., 1978; Brennan et al.,
1980). Obesity and hypertension are co-morbid risk
factors for the development of cardiovascular
disease. The pathophysiology underlying the
development of hypertension associated with
obesity includes sodium retention and associated
increases in vascular resistance, blood volume, and
cardiac output. These cardio-vascular abnorma-
lities associated with obesity are believed to be
related to a combination of increased sodium reten-
tion, increased sympathetic nervous system activi-
ty, alterations of the renin-angiotensin system and
insulin resistance. The precise mechanism where-
by weight loss results in a decrease in blood
pressure is unknown. However, it is known that
weight loss is associated with a reduction in
vascular resistance, total blood volume and cardiac
output, an improvement in insulin resistance, a
reduction in sympathetic nervous system activity,
and suppression of the activity of the renin
angiotensin aldosterone system (Tuck et al., 1981;
Reisin et al., 1983; Rocchini et al., 1989).

(c)  Coronary Heart Disease (CHD)

Observational studies have shown that
overweight, obesity, and excess abdominal fat are
directly related to cardiovascular risk factors,
including high levels of total cholesterol,
LDLcholesterol, triglycerides, blood pressure,
fibrinogen and insulin (Haffner et al., 1991) and
low levels of HDL-cholesterol (NIH, 1985).
Plasminogen activator inhibitor-1 causing
impaired fibrinolytic activity is elevated in persons
with abdominal obesity (Landin et al., 1990).
Overweight, obesity, and abdominal fat are also
associated with increased morbidity and mortality
from CHD (Hubert et al., 1983; NIH, 1985). Recent
studies have shown that the risks of nonfatal
myocardial infarction and CHD death increase
with increasing levels of BMI. Risks are lowest in
men and women with BMIs of 22 or less and
increase with even modest elevations of BMI. In
the Nurses’ Health Study, which controlled for
age, smoking, parental history of CHD, meno-
pausal status, and hormone use, relative risks for
CHD were twice as high at BMIs of 25 to 28.9,
and more than three times as high at BMIs of 29
or greater, compared with BMIs of less than 21
(Willett et al., 1995). Weight gains of 5 to 8 kg (11

to 17.6 lb) increased CHD risk (nonfatal myocardial
infarction and CHD death) by 25 percent, and
weight gains of 20 kg (44 lb) or more increased
risk more than 2.5 times in comparison with women
whose weight was stable within a range of 5 kg
(11 lb) (Willett et al., 1995). In British men, CHD
incidence increased at BMIs above 22 and an
increase of 1 BMI unit was associated with a 10
percent increase in the rate of coronary events
(Shaper et al., 1997). Similar relationships between
increasing BMI and CHD risk have been shown
in Finnish, Swedish, Japanese, and U.S.
populations (Tokunaga et al., 1991; Willett et al.,
1995; Jousilahti et al., 1996)

A relationship between obesity and CHD has
not always been found. Two reasons may account
for this: the first is an inappropriate controlling
for cholesterol, blood pressure, diabetes, and
other risk factors in statistical analysis; and the
second is that there was not an adequate control
for the confounding effect of cigarette smoking
on weight. People who smoke often have a lower
body weight but more CHD (Lundgren et al., 1989).

(d)  Congestive Heart Failure (CHF)

Overweight and obesity have been identified
as important and independent risk factors for
congestive heart failure (CHF) in a number of
studies, including the Framingham Heart Study
(Hubert et al., 1983; Kannel and Cupples, 1988;
Eriksson et al., 1991; DiBianco, 1994). CHF is a
frequent complication of severe obesity and a
major cause of death; duration of the obesity is a
strong predictor of CHF (Shimizu and Isogai,
1993). Since hypertension and type 2 diabetes
are positively associated with increasing weight,
the coexistence of these conditions facilitates the
development of CHF (Urbina et al., 1995). Data
from the Bogalusa Heart Study demonstrate that
excess weight may lead to acquisition of left
ventricular mass beyond that expected from
normal growth (Urbina et al., 1995). Obesity can
result in alterations in cardiac structure and
function even in the absence of systemic hyper-
tension or underlying heart disease. Ventricular
dilatation and eccentric hypertrophy may result
from elevated total blood volume and high cardiac
output. Diastolic dysfunction from eccentric
hypertrophy and systolic dysfunction from
excessive wall stress result in so-called “obesity
cardiomyopathy” (Garavaglia et al., 1988; Alpert
and Hashimi, 1993). The sleep/apnea obesity



228 KAUSHIK BOSE,  MITHU BHADRA AND ASHISH MUKHOPADHYAY

hyperventilation syndrome occurs in 5 percent
of severely obese individuals, and is potentially
life-threatening. Extreme hypoxemia induced by
obstructive sleep apnea syndrome may result in
heart failure in the absence of cardiac dysfunction
(Ritter et al., 1990).

(e)  Dyslipidemia

High Total Cholesterol: The relationship of
the age-adjusted prevalence of high total
cholesterol, defined as ≥240 mg/dL (6.21 mmol/
L), to BMI from NHANES III data (Brown et al.,
2000) shows that at each BMI level, the prevalence
of high blood cholesterol is greater in women than
in men. In a smaller sample, higher body weight is
associated with higher levels of total serum
cholesterol in both men (Denke et al., 1993) and
women (Denke et al., 1994) at levels of BMI > 25.
Several large longitudinal studies also provide
evidence that overweight, obesity and weight gain
are associated with increased cholesterol levels
(Shekelle et al., 1981; Hershcopf et al., 1982). In
women, the incidence of hypercholesterolemia
also increases with increasing BMI (Manson et
al., 1990). In addition, the pattern of fat distribution
appears to affect cholesterol levels independently
of total weight. Total cholesterol levels are usually
higher in persons with predominant abdominal
obesity, defined as a waist-to-hip circumference
ratio of ≥0.8 for women and ≥1.0 for men (Reeder
et al., 1992).

High Triglycerides: The strong association
of triglyceride levels with BMI has been shown
in both cross-sectional and longitudinal studies,
for both sexes and all age groups (Carlson and
Lindstedt, 1968; Mann et al., 1988; Denke et al.,
1993, 1994). In three adult age groups, namely 20
to 44 years, 45 to 59 years, and 60 to 74 years,
higher levels of BMI, ranging from 21 or less to
more than 30, have been associated with
increasing triglyceride levels; the difference in
triglycerides ranged from 61 to 65 mg/dL (0.68 to
0.74 mmol/L) in women ((Denke et al., 1994) and
62 to 118 mg/dL (0.70 to 1.33 mmol/L) in men
((Denke et al., 1993).

Low High-Density Lipoprotein Cholesterol:
The age-adjusted prevalence of low high-density
lipoprotein (HDL)-cholesterol in relation to BMI
levels, based on NHANES III data (Brown et al.,
2000) reveals that HDL-cholesterol levels at all
ages and weights are lower in men than in women.
Although low HDL-cholesterol in this study was

defined as < 35 mg/dL (0.91 mmol/L) in men and <
45 mg/dL (1.16 mmol/L) in women (Brown et al.,
2000). Cross-sectional studies have reported that
HDL-cholesterol levels are lower in men and
women with higher BMI (Glueck et al., 1980;
Garrison et al., 1980). Longitudinal studies have
found that changes in BMI are associated with
changes in HDL-cholesterol. A BMI change of 1
unit is associated with an HDL-cholesterol
change of 1.1 mg/dL for young adult men and an
HDL-cholesterol change of 0.69 mg/dL for young
adult women (Anderson et al., 1987).

Normal to Elevated Low-Density Lipoprotein
Cholesterol: The link between total serum
cholesterol and CHD is largely due to low-density
lipoprotein (LDL). A high-risk LDL-cholesterol is
defined as a serum concentration of ≥160 mg/dL.
This lipoprotein is the predominant atherogenic
lipoprotein and is therefore the primary target of
cholesterol-lowering therapy.  Cross-sectional
data suggest that LDL-cholesterol levels are
higher by 10 to 20 mg/dL in relation to a 10 unit
difference in BMI, from levels of 20 to 30 kg/m2

(Denke et al., 1993, 1994). According to extensive
epidemiological data, a 10 mg/dL rise in      LDL-
cholesterol corresponds to approximately a 10
percent increase in CHD risk over a period of 5 to
10 years (Law et al., 1994).

Small, Dense Low-Density Lipoprotein
Particles: Only some large-scale epidemiological
data are available on small, dense LDL particles
(Miller et al., 1996; Lamarche et al., 1997). Clinical
studies have shown that small, dense LDL
particles are particularly atherogenic and tend to
be present in greater proportion in hypertrig-
lyceridemic patients with insulin resistance
syndrome associated with abdominal obesity
(Reaven et al., 1993; Tchernof et al. 1996; Miller et
al., 1996; Lamarche et al., 1997).

(f)  Stroke

The relationship of cerebrovascular disease
to obesity and overweight has not been as well
studied as the relationship to CHD. A report from
the Framingham Heart Study suggested that
overweight might contribute to the risk of stroke,
independent of the known association of
hypertension and diabetes with stroke (Hubert
et al., 1983). More recently published reports
(Walker, 1996; Rexrode, 1997) are based on larger
samples and delineate the importance of stroke
subtypes in assessing these relationships. They
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also attempt to capture all stroke events, whether
fatal or nonfatal. These studies suggest distinct
risk factors for ischemic stroke as compared to
hemorrhagic stroke, and found overweight to be
associated with the former, but not the latter. This
may explain why studies that use only fatal stroke
outcomes (and thus over represent hemorrhagic
strokes) show only weak relationships between
overweight and stroke. These recent prospective
studies demonstrate that the risk of stroke shows
a graded increase as BMI rises. For example,
ischemic stroke risk is 75 percent higher in women
with BMI > 27, and 137 percent higher in women
with a BMI > 32, compared with women having a
BMI < 21 (Rexrode, 1997).

(g)  Cancer

Colon Cancer: Many studies have found a
positive relation between obesity and colon
cancer in men but a weaker association in women
(Lew and Garfinkel, 1979; Giovannucci et al., 1995;
Martinez et al., 1996). More recent data from the
Nurses’ Health Study suggest that the relation-
ship between obesity and colon cancer in women
may be similar to that seen in men. Twice as many
women with a BMI of > 29 kg/m2 had distal colon
cancer as women with a BMI < 21 kg/m2

(Giovannucci et al., 1996). In men, the relationship
between obesity and total colon cancer was
weaker than that for distal colon cancer. Other
data from the Nurses’ Health Study show a
substantially stronger relationship between
waist-hip ratio and the prevalence of colon polyps
on sigmoidoscopy, than with BMI alone
(Giovannucci et al., 1995). Even among leaner
women, a high waist-to-hip ratio is also associated
with significantly increased risk of colon polyps
(Giovannucci et al., 1996).

Breast Cancer: Epidemiologic studies
consistently show that obesity is directly related
to mortality from breast cancer, predominantly in
postmenopausal women (Lew and Garfinkel, 1979)
but inversely related to the incidence of pre-
menopausal breast cancer (Rosenberg et al., 1990;
Chu et al., 1991). Ten or more years after meno-
pause, the premenopausal “benefit” of obesity
has dissipated (Hunter and Willett, 1993). Among
postmenopausal women, peripheral fat is the
primary source of estrogens, the major modifiable
risk factor for postmenopausal breast cancer. This
crossover in the relationship of obesity with
breast cancer, pre- and post-menopausally,

complicates prevention messages for this
common female cancer. Data from the Nurses’
Health Study, however, show that adult weight
gain is positively related to risk of postmeno-
pausal breast cancer. This relation is seen most
clearly among women who do not use postmeno-
pausal hormones. A gain of more than 20 lb from
age 18 to midlife doubles a woman’s risk of breast
cancer. Even modest weight gains are positively
related to risk of postmenopausal cancer (Huang
et al., 1997).

Endometrial Cancer: Obesity increases the
risk of endometrial cancer. The risk is three times
higher among obese women (BMI ≥30 kg/m2)
compared to normal weight women (Schottenfeld
and Fraumeni, 1996). However, the absolute risk
of this condition is low when compared to breast
cancer, heart disease, and diabetes. Adult weight
gain is also related to increased risk (Schottenfeld
and Fraumeni, 1996).

Gallbladder Cancer: Obesity is related to the
risk of gallbladder cancer, particularly among
women (Garfinkel, 1986). Using a weight index of
100 as the average weight with a corresponding
mortality ratio of 1.0 for the cohort, mortality ratios
were 1.16 at a weight index of 120 to 129, 1.22 at
130 to 139, and 1.53 at ≥140.

 (h)  Osteoarthritis

Individuals who are overweight or obese
increase their risk for the development of
osteoarthritis (Hart and Spector, 1993; Hochberg
et al., 1995; Cicuttini et al., 1996). The association
between increased weight and the risk for
development of knee osteoarthritis is stronger in
women than in men (Felson et al., 1988). In a study
of twin middle-aged women, it was estimated that
for every kilogram increase of weight, the risk of
developing osteoarthritis increases by 9 to 13
percent. The twins with knee osteoarthritis were
generally 3 to 5 kg (6.6 to 11 lb) heavier than the
co-twin with no disease (Cicuttini et al., 1996). An
increase in weight is significantly associated with
increased pain in weight-bearing joints (Huang
et al., 1997). There is no evidence that the develop-
ment of osteoarthritis leads to the subsequent
onset of obesity (Carman et al., 1994). A decrease
in BMI of 2 units or more during a 10-year period
decreased the odds for developing knee osteoar-
thritis by more than 50 percent; weight gain was
associated with a slight increase in risk (Felson
et al., 1992). A randomized controlled trial of 6
months’ duration examined the effect of weight
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loss on clinical improvement in patients with
osteoarthritis (Williams and Foulsham, 1981).
Patients taking phentermine had an average
weight loss of 12.6 percent after 6 months while
the control group had an average weight loss of
9.2 percent. There was improvement in pain-free
range of motion and a decrease in analgesic use
in association with weight loss; patients with knee
disease showed a stronger association than those
with hip disease. Similarly, improvement of joint
pain was observed in individuals who had under-
gone gastric stapling, resulting in an average
weight loss of 45 kg (99 lb) (McGoey et al., 1990;
Felson, 1995).

(i)  Gallstones

The risk of gallstones increases with adult
weight. Risk of either gallstones or cholecystec-
tomy is as high as 20 per 1,000 women per year
when BMI is above 40, compared with 3 per 1,000
among women with BMI < 24 (Stampfer et al.,
1992). According to NHANES III data, the
prevalence of gallstone disease among women
increased from 9.4 percent in the first quartile of
BMI to 25.5 percent in the fourth quartile of BMI.
Among men, the prevalence of gallstone disease
increased from 4.6 percent in the first quartile of
BMI to 10.8 percent in the fourth quartile of BMI
(Khare et al., 1995).

(j)  Sleep Apnea

Obesity, particularly upper body obesity, is a
risk factor for sleep apnea and has been shown
to be related to its severity (Young et al., 1993).
The major pathophysiologic consequences of
severe sleep apnea include arterial hypoxemia,
recurrent arousals from sleep, increased
sympathetic tone, pulmonary and systemic
hypertension, and cardiac arrhythmias (Shepard,
1992).  Most people with sleep apnea have a BMI
> 30 (Chua and Chediak, 1994; Loube et al., 1994).
Large neck girth in both men and women who
snore is highly predictive of sleep apnea. In
general, men whose neck circumference is 17
inches or greater and women whose neck
circumference is 16 inches or greater are at higher
risk for sleep apnea (Davies and Stradling, 1990).

(k)  Women’s Reproductive Health

Menstrual Function and Fertility: Obesity

in premenopausal women is associated with
menstrual irregularity and amenorrhea (Hartz et
al., 1979). As part of the Nurses’ Health Study, a
case control study suggested that the greater the
BMI at age 18 years, even at levels lower than
those considered obese, the greater the risk of
subsequent ovulatory infertility (Rich-Edwards,
1994). The most prominent condition associated
with abdominal obesity is polycystic ovarian
syndrome (Dunaif, 1992), a combination of
infertility, menstrual disturbances, hirsutism,
abdominal hyperandrogenism, and anovulation.
This syndrome is strongly associated with
hyperinsulinemia and insulin resistance
(Garbaciak et al., 1985).

Pregnancy: Pregnancy can result in excessive
weight gain and retention. The 1988 National
Maternal and Infant Survey observed that 41.6
percent of women reported retaining ≥9 lb of their
gained weight during pregnancy, with 33.8
percent reporting ≥14 lb of retained weight gain
(Keppel and Taffel, 1983). Another study on a
national cohort of women followed for 10 years
reported that weight gain associated with
childbearing ranged from 1.7 kg (3.7 lb) for those
having one live birth during the study to 2.2 kg
(4.9 lb) for those having three (Williamson et al.,
1994). In addition, higher prepregnancy weights
have been shown to increase the risk of late fetal
deaths (Cnattingius et al., 1998).

Obesity during pregnancy is associated with
increased morbidity for both the mother and the
child. A tenfold increase in the prevalence of
hypertension and a 10 percent incidence of
gestational diabetes has been reported in obese
pregnant women (Johnson et al., 1987). Obesity
also is associated with difficulties in managing
labor and delivery, leading to a higher rate of
induction and primary Caesarean section. Risks
associated with anesthesia are higher in obese
women, as there is greater tendency toward
hypoxemia and greater technical difficulty in
administering local or general anesthesia (Prentice
and Goldberg, 1996). Finally, obesity during
pregnancy is associated with an increased risk of
congenital malformations, particularly of neural
tube defects (Prentice and Goldberg, 1996). A
certain amount of weight gain during pregnancy
is desirable. The fetus itself, expanded blood
volume, uterine enlargement, breast tissue growth,
and other products of conception generate an
estimated 13 to 17 lb of extra weight. Weight gain
beyond this, however, is predominantly maternal
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adipose tissue. It is this fat tissue that, in large
measure, accounts for the postpartum retention
of weight gained during pregnancy.

In turn, this retention reflects a postpartum
energy balance that does not lead to catabolism
of the gained adipose tissue. In part, this may
reflect reduced energy expenditure through
decreased physical activity, even while caring for
young children, but it may also reflect retention
of the pattern of increased calorie intake acquired
during pregnancy (Shils et al., 1994). One
difficulty in developing recommendations of
optimal weight gain during pregnancy relates to
the health of the infants. A balance must be
achieved between high-birth-weight infants who
may pose problems during delivery and who may
face a higher rate of caesarean sections and low-
birth-weight infants who face a higher infant
mortality rate (Cogswell et al., 1995). However,
data from the Pregnancy Nutrition Surveillance
System from the CDC showed that very
overweight women would benefit from a reduced
weight gain during pregnancy to help reduce the
risk for high birth-weight infants (Cogswell et al.,
1995).

The Institute of Medicine report made
recommendations concerning maternal weight
gain. It recommended that each woman have her
BMI measured and recorded at the time of entry
into prenatal care. For women with a BMI of less
than 20, the target weight gain should be 0.5 kg
(1.1 lb) of weight gain per week during the second
and third trimester. For a woman whose BMI is
greater than 26, the weight gain target is 0.3 kg
(0.7 lb) per week during the last two trimesters.
Women who are overweight or obese at the onset
of pregnancy are advised to gain less total weight
during the pregnancy (Institute of Medicine,
1990).

Mortality Pattern

In the majority of epidemiologic studies,
mortality begins to increase with BMIs above 25
kg/m2 (VanItallie, 1985; Manson et al., 1987; WHO,
1995; Troiano et al., 1996). The increase in
mortality generally tends to be modest until a BMI
of 30 kg/m2 is reached (WHO, 1995; Troiano et
al., 1996). For persons with a BMI of 30 kg/m2 or
above, mortality rates from all causes, and
especially from cardiovascular disease, are
generally increased by 50 to 100 percent above
that of persons with BMIs in the range of 20 to 25

kg/m2 (WHO, 1995; Troiano et al., 1996). Two
aspects of the association between obesity and
mortality remain unresolved:

(a)  Association of Body Mass Index with
Mortality

Many of the observational epidemiologic
studies of BMI and mortality have reported a ‘U-’
or ‘J-shaped’ relationship between BMI and
mortality (WHO, 1995). Mortality rates are
elevated in persons with low BMI (usually below
20) as well as in persons with high BMI (WHO,
1995; Troiano et al., 1996). In some studies,
adjustment for factors that potentially confound
the relationship between BMI and mortality, such
as smoking status and pre-existing illness, tends
to reduce the upturn in mortality rate at low BMI
(Manson et al., 1987), but in a meta-analysis the
higher mortality at low BMIs was not eliminated
after adjustment for confounding factors (Troiano
et al., 1996). It is unclear whether the elevated
mortality observed at low BMI is due to an artifact
of incomplete control for confounding factors (Lee
et al., 1993), inadequate body fat and/or inade-
quate body protein stores that result from uninten-
tional weight loss (Allison et al., 1997), or indivi-
dual genetic factors. Currently, there is no evi-
dence that intentional weight gain in persons with
low BMIs will lead to a reduction in mortality.

(b)  Associaion of Body Mass Index with
Mortality in Older Adults

Many of the observational epidemiologic
studies suggest that the relationship between
BMI and mortality weakens with increasing age,
especially among persons aged 75 and above
(Diehr et al., 1998). Several factors have been
proposed to explain this observation. Older adults
are more likely than younger adults to have
diseases that both increase mortality and cause
weight loss leading to lower body weight
(Baumgartner et al., 1995; Fried et al., 1998).  In
addition, as people age, they tend to have larger
waist circumferences that increase their risk of
mortality even at lower BMIs.  Also, weight in
middle age is positively related to risk of mortality
in old age. The impact of smoking on body weight
and mortality is likely to be much stronger in older
adults because of the cumulative health effects
of smoking (Willett et al., 1998).

BMI, which is an indirect estimate of adiposity,
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may underestimate adiposity in older adults
whose BMI is similar to younger adults (Roche,
1994). It is also possible that persons most
sensitive to the adverse health effects of obesity
are more likely to have died before reaching older
ages, resulting in older cohorts that are more
“resistant” to the health effects of obesity.
Recently, a 20-year prospective study of a
nationally representative sample of U.S. adults
aged 55 to 74 years suggested that lowest
mortality occurs in the BMI range of 25 to 30
(Durazo-Arvizu et al., 1998). After adjusting for
smoking status and pre-existing illness, lowest
mortality occurred at a BMI of 24.5 in white men,
26.5 in white women, 27.0 in black men, and 29.8
in black women (Sorkin et al., 1996).

PREVENTION  OF  OVERWEIGHT  AND
OBESITY

Prevention of obesity is much more desirable
than treatment of the condition once it is
established. Prevention of overweight and
obesity is supposed to begin early in life. Preven-
tion includes primary prevention of overweight
or obesity itself, secondary prevention or
avoidance of weight regain following weight loss,
and prevention of further weight increases in
obese individuals unable to lose weight (National
Task Force on Prevention and Treatment of
Obesity, 1994; Thomas, 1995). National and
international observational data suggest that
environmental and behavioral factors are likely
to be important in the tendency of individuals
within and between populations to be obese
during childhood or to gain weight progressively
with age during adulthood (WHO, 2000). These
factors are also influenced by the genetic makeup
of individuals. There has been a paucity of
intervention research to demonstrate how these
factors can be manipulated to prevent obesity
(National Task Force on Prevention and
Treatment of Obesity, 1994). In two community
studies, namely the Minnesota Heart Health
Program and the Stanford Five City Study,
multifaceted weight loss and weight control
programs within the community were not
associated with prevention of weight gain in
longitudinally followed cohorts (Winkleby et al.,
1997). In another community study, the Pawtucket
Heart Health Program, BMI levels did not change
in the intervention cities while they increased in
the comparison cities (Carleton et al., 1995). One

obesity prevention study of American Indian
children who are at high risk of becoming obese
is under way (Davis, 1996). Otherwise, the only
long-term report suggesting an effective
approach to obesity prevention is from follow-
up of obese children in an experimental study in
which they had been treated with or without a
family-oriented treatment program. Long-term
follow-up (10 years) of these children supported
the importance of family involvement in reducing
the progression of obesity (Epstein et al., 1990).
One population-based randomized controlled
pilot study of obesity prevention suggests that
programs for weight gain prevention are feasible
and effective in adults (Forster et al., 1988).
Another study in China has shown that the
prevention of weight gain through diet, physical
activity, and their combination can help prevent
diabetes (Pan et al., 1997).

It has been suggested that primary prevention
of obesity should include environmentally based
strategies that address major societal contributors
to over-consumption of calories and inadequate
physical activity such as food marketing practices,
transportation patterns, and lack of opportunities
for physical activity during the workday (Jeffery,
1991). People at lower socioeconomic levels living
in urban areas also lack access to physical activity
sites. Such strategies will be essential for effective
initial and long-term prevention of obesity for
large numbers of individuals and for the
community at large. Research is needed to clarify
the role of societal policies, procedures, laws, and
other factors that serve as disincentives to lifelong
caloric balance. The importance of obesity
prevention needs to be brought to the attention
of health care payors and practitioners,
employers, educators, and public officials as an
important priority to be addressed in policies,
programmes, and direct services to individuals
and families. The development and implemen-
tation of appropriate policies and programmes will
require outcomes research that identifies effective
weight gain prevention approaches. These
programmes must be useful for multiple settings,
including health care facilities, schools,
worksites, community and religious institutions,
and be applicable to a broad population (NIH,
1998).

In the end, efforts should be made to make
the general public more aware of the need to
prevent overweight and obesity. Efforts to
understand the genetic, developmental, environ-
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mental, and behavioral underpinnings of obesity
and to mount successful prevention strategies
are particularly critical for populations in which
overweight and obesity and related health
problems such as diabetes are disproportionately
prevalent; for example, women in lower socio-
economic groups and women and sometimes men
in many ethnic minority populations. Public
health approaches for preventing obesity, that
is, approaches designed to reduce the difficulty
for any given individual of adopting healthful
eating and activity patterns, will particularly
benefit the socially disadvantaged, who—
compared to the more advantaged - may have
less access to preventive health services and
fewer feasible options for making changes in their
daily routines and lifestyles (Link and Phelan,
1996). Primary care practitioners are an important
element in preventing and managing obesity in
the developed countries. Prevention of over-
weight and obesity in primary care settings is
compatible with efforts to prevent their health
consequences, through control of dyslipidemia,
high blood pressure, and type 2 diabetes. Thus,
both the quality and quantity of life may be
enhanced through preventive strategies. As high
blood pressure, high blood cholesterol, and type
2 diabetes should be aggressively treated in
overweight patients and may be treated prior to
and in conjunction with weight loss.

ECONOMIC  BURDEN  OF  OVERWEIGHT
AND  OBESITY

The costs of obesity to a community and
individuals may be divided into the direct costs
to the health system and the indirect or social
costs to the individual and community (e.g. sick
days, individual expenditure on weight loss). The
direct costs depend in the main part on the
diseases caused by obesity and the cost of these
diseases. One of the problems in this assessment
is the relative risk of the disease in different
communities and ethnic groups. Several methods
have been used to calculate these costs and there
have been a wide range of results on the cost of
obesity in different countries. Some diseases
which have been included in the calculations are
Type 2 diabetes, heart disease, hypertension,
endometrial cancer, arthritis and colorectal cancer.
Indirect costs also vary widely. One of the latest
estimates in the United States for indirect costs
was US $47.6 billion per year. Little data is yet

available for the Asia-Pacific region. It is necessary
to develop a standard way of calculating the costs
of obesity so that various countries’ health
expenditure can be compared and for the benefits
of treatment to be calculated. For these reasons,
suggested standard formulae are being prepared
(WHO, 2000).

FUTURE   RESEARCH

Obesity is a heterogeneous chronic disorder
that has many causes, although the fundamental
basis is an imbalance between energy intake and
energy expenditure. Future research needs to
examine the most effective ways to treat and
prevent obesity, the causes of obesity and their
mechanisms, the influence of fat distribution on
health risk, and the development of better
methods for assessing energy intake and energy
expenditure (NIH, 1998; WHO, 2000).

INTERVENTION  APPROACHES

Considerable research is needed on inter-
vention approaches to treat and prevent obesity.
Increased research on behavioral theory speci-
fically addressing obesity treatment and pre-
vention for all individuals, including children and
adolescents, needs to be conducted. Interven-
tion methods to prevent weight gain with smoking
cessation are of particularly high priority in
helping achieve smoking cessation. More
research is needed on behavioral intervention
methods conducted in various settings, parti-
cularly the primary care setting. Effective pro-
grammes to treat or prevent obesity in culturally,
ethnically, and socio economically diverse
populations need to be developed and tested.
Simple screening tools should be tested for their
predictive value in achieving lifestyle modi-
fications that lead to weight loss or weight control
practices. Research is needed on identifying
appropriate and successful intervention content.
Of particular importance is research on the optimal
amount of physical activity to promote weight
loss, the maintenance of weight loss, and the
prevention of obesity. Research on surgical
interventions for weight loss should include
evaluating surgical risk, including not only
complications, morbidity, and mortality, but also
long-term postoperative surveillance to monitor
vitamin and mineral nutritional adequacy.
Evaluation of the health benefits of weight loss
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from surgery should include changes in fat
distribution; cardio respiratory fitness; obesity-
related co-morbidities, including blood pressure,
blood lipids, and glucose tolerance; and degree of
success in long term weight loss maintenance.
Finally, research is needed on techniques for
integrating behavioral methods to promote long-
term maintenance of weight loss after surgical
treatment. Likewise, research on pharmacologic
interventions for weight loss should include
evaluating changes in fat distribution, cardio
respiratory fitness, obesity-related co-morbidities,
and the degree of success of long-term weight loss
maintenance. Better methods for integrating
behavioral methods, along with pharmacologic
treatment, should also be investigated. Finally,
research is needed on environmental and popula-
tion-based intervention methods, including
community- and school-based interventions, to
augment public health approaches toward promo-
ting weight maintenance and preventing obesity
in the general population.

CAUSES  AND  MECHANISMS  OF
OBESITY

The regulation of energy balance needs to be
explored, including the neuroendocrine factors
that control energy intake, energy expenditure,
and the differentiation of adipose tissue resulting
from excess calories. The genes that are important
in human obesity need to be identified. These
include those that alter eating and physical
activity behaviors, those that affect thermo-
genesis, and those associated with the co-morbi-
dities of obesity. The roles of environmental and
behavioral influences on metabolic factors
important in obesity, as well as gene-environment
interactions, need to be studied. Predictive factors
should be examined to identify who is most at
risk of developing obesity, and whether there are
critical periods of life when these factors are most
operative. In addition, the influence of the
intrauterine environment on the development of
obesity needs to be investigated, particularly to
determine whether early deprivation leads to a
later propensity for overweight and associated
co-morbidities, such as insulin resistance, or if
high maternal weight gain and high birth weight
are related to the risk of obesity and its co-
morbidities.

CENTRAL  BODY  FAT,  BODY  WEIGHT
AND  DISEASES

The influence of abdominal fat independent
of total body fat on health risk needs to be further
defined. More information is needed on the
relationship between differential body fat
compartments and increased risk, the distribution
of body fat compartments among various racial
group populations, and the relationship between
abdominal fat and disease risk in racial groups.
Weight loss studies should include measure-
ments of abdominal fat, as well as cardio respira-
tory fitness, to better assess health improvement.
Intentional weight loss treatments need to be
examined in terms of their acute and chronic effect
on the development and progression of diabetes,
heart disease, and overall mortality. Large pros-
pective studies are needed to examine the
relationship of body mass index and body fat
distribution to overall mortality.

EVALUATION  SYSTEM

Much of the current research is hampered by
the lack of good methods to accurately, objecti-
vely, and economically assess energy intake and
expenditure, including physical activity, body
composition and fat distribution, and behavioral
and psychological variables. More research is
therefore needed to focus on measures to assess
intake of fat and other dietary components, levels
of physical activity, energy metabolism, and body
fat and visceral obesity. In addition, better
methods for assessment of psychological, beha-
vioral, and psychosocial variables that may be
related to behavioral risk factors for obesity (such
as poor diet and inactive lifestyle) are needed,
and particularly so for special population seg-
ments based on race, ethnicity, and socio-
economic status. Methods for assessing culture,
social integration, and psychological stress
should also be developed.
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KEYWORDS Overweight. Biological Factors. Public Health Problem. Energy Regulation

ABSTRACT Obesity, simply defined, is the state of being excessively overweight. It afflicts a significant and possibly
growing proportion of people in developed as well as developing societies. It has emerged as the most prevalent
serious public health problem of the new millennium. Obesity may not be regarded simply as a cosmetic problem
affecting certain individuals, but a crisis that threatens global well being. An estimated 300 million people around the
world are obese. The International Obesity Task Force (IOTF) conservative estimates, based on current trends, show
that obesity levels will continue to rise in the early 21st century - with severe health consequences - unless urgent
action is taken now. It is half a century since obesity was introduced into the international classification of diseases.
In the 21st century it has become an epidemic. Obesity levels in some countries have doubled in recent years and are
rising in developing countries too. Several factors may contribute to the development of obesity. Obesity develops
over time and, once it develop, is difficult to treat. Certain detrimental effects to health are attributed to obesity.
Obesity is clearly associated with hypertension, hypercholesterolemia, NIDDM, and excess of certain cancers and
other medical problems. The risk to health increases with the degree of obesity. The consequences of ignoring obesity
are increasing levels of serious illness and rising health costs. Obesity research efforts should be directed toward
elucidation of biologic markers, factors regulating the regional distribution of fat, studies of energy regulation, and
studies utilizing the techniques of anthropology, psychiatry, and the social sciences.
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