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Context: Obesity results from a prolonged small positive energy balance, and its treatment needs
to reverse this imbalance.

Evidence Acquisition: Citations retrieved from PubMed and The Handbook of Obesity 2008 were
selected to illustrate the points.

Evidence Synthesis: Many different diets have been tried to treat obesity, and weight loss occurs
with all of them. There is currently no evidence that clearly supports a superiority of one macro-
nutrient composition for diets used for weight loss. The principal effect seems to be the degree of
adherence to the prescribed calorie reduction. Lifestyle strategies to modify eating behavior can
be used in individual counseling sessions or in groups, both of which are important in helping
patients modify their patterns of eating. Physical activity is particularly important in helping pa-
tients maintain a weight loss once achieved and is less valuable for weight loss itself. Food intake
is controlled through many different mechanisms, but only a few drugs have been developed that
tap these mechanisms. Orlistat, which blocks intestinal lipase, is one; sibutramine, a serotonin-
norepinephrine reuptake inhibitor, is a second. Surgical approaches provide the most dramatic
weight loss and have been demonstrated to reduce long-term mortality and reduce the incidence
of diabetes.

Conclusions: Weight loss can be achieved by many methods, but the surgical procedures appear to
be the most durable. (J Clin Endocrinol Metab 93: S81–S88, 2008)

Obesity is often described as an epidemic (1, 2) with a prev-
alence exceeding 30% in US adults (3). The fundamental

problem is the result of a small, but prolonged, positive energy
balance, where energy from food exceeds energy needed for ev-
eryday living (4).

Realities in Treating an Obese Patient

One of the key messages for obese patients is that when caloric
intake is reduced below that needed for daily energy expenditure,
there is a predictable rate of weight loss (5–7). Men generally lose
weight faster than women of similar height and weight on any
given diet, because men have more lean body mass and therefore
higher energy expenditure. Similarly, older patients have a lower
metabolic expenditure and as a rule lose weight more slowly than
do younger subjects with similar adherence to weight-loss pro-

grams. Thus, adherence to any program is an essential compo-
nent of success.

Model for Addressing the Problem

If obesity is the result of a prolonged small difference between
energy intake and energy expenditure, then losing body fat re-
quires reversing this imbalance. The relationship between energy
intake and expenditure is shown at the top of Fig. 1. Below this
are various strategies that can be used to treat this imbalance.

Diet and the Treatment of Obesity

Types of diet
Reducing energy intake from food is one strategy for weight

loss (4). This can be done by reducing calories or by changing the
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intake of carbohydrate, fat, or protein that will in turn reduce
total intake (8). We will discuss each of these in turn.

Very-low-calorie diets (VLCD)
VLCD or very-low-energy diets have energy levels between

200 and 800 kcal/d. The theory behind them is that the lower the
energy intake, the more it would accelerate weight and fat loss.
Contrary to this theory are data showing that weight loss from
a 400-kcal/d VLCD compared with an 800-kcal/d diet was not
different (9). Most weight-loss diets can produce a decline in
energy expenditure with a drop in triiodothyronine and leptin.
Treatment with leptin partially corrects these changes (10).

Balanced-deficit diets
Diets that reduce carbohydrate, protein, and fat, the so-called

balanced-deficit diets or prudent diets, have been widely used in
treating obesity. In a metaanalysis of low-calorie diets, Avenell
and colleagues (11) found that in 12 studies, the difference after
12 months between control and treated groups was �5.31 kg
[95% confidence interval (CI) � �5.86 to �4.77 kg). In another
systematic review of 16 studies that used diet but without phar-
macological intervention and that had more than 100 subjects in
each group and a duration of more than 1 yr, weight loss after
2–3 yr was usually less than 5 kg below baseline (�3.5 � 2.4 kg;
range, 0.9–10.0 kg), and after 4–7 yr where there were data, it
was �3.6 � 2.6 kg (12).

Portion-controlled diets are one way of achieving a balanced
caloric deficit. This can be done most simply by using individu-
ally packaged foods. Frozen low-calorie meals containing 250–
350 kcal/package can be a convenient way to do this, except for
the high salt content of many of these foods. In one 4-yr study,
this approach resulted in early initial weight loss, which then was
maintained (13).

Low-fat diets
Low-fat diets are a standard strategy to help patients lose

weight. A metaanalysis of five randomized controlled trials of

low-fat diets showed that these diets produced significant weight
loss but not more so than did the control diets (14). Subsequently,
a large clinical trial of low-fat vs. control diets (15) randomly
assigned 48,835 women to either low-fat or control diets. Weight
loss was 2.2 kg below baseline at yr 1 and 0.6 kg after an average
of 7.5 yr of follow-up. At both times, the low-fat diet group was
significantly lighter than the normal-fat diet group. There was a
clear relationship between the decrease in percent fat and weight
loss (P � 0.001 for trend). This relationship is shown in Fig. 2.
In another metaanalysis of weight-loss studies, Astrup and col-
leagues (16) found that over the first 6 months, low-fat diets
produced weight loss and that heavier individuals lost more
weight.

Low-carbohydrate diets
Two strategies have been used to lower carbohydrate intake.

One is to use foods with a lower glycemic index or lower glycemic
load, and the other is to reduce the total amount of carbohydrate.
The glycemic index is based on the rise in blood glucose in re-
sponse to the test food compared with the rise after a 50-g portion
of white bread (17); glycemic load is the product of glycemic
index and amount of carbohydrate in the food.

Two randomized clinical trials of low-glycemic-load (higher-
fiber) diets vs. a conventional diet failed to show any differences
in weight loss between the two diets, but those on the lower-
glycemic-load diet had a higher resting energy expenditure,
lower triglycerides, and less insulin resistance (18, 19). Thus,
eating foods with more fiber can have benefits over and above
any effect on body weight and make good nutritional sense.

The second low-carbohydrate strategy is the very-low-car-
bohydrate diet. Several recent studies have shown a small but
significantly greater weight loss over the first 6 months, but not
12 months, in people eating a very-low-carbohydrate diet based
on the Atkins plan compared with the control diet (20–22). Diets

FIG. 2. Reducing dietary fat intake is associated with a reduction in weight gain.
Relation of changes in fat intake to changes in body weight is shown. Subgroups
of the Women’s Health Initiative who had different degrees of reduction in
dietary fat intake are shown in relation to the changes in body weight during
follow-up. The greater the reduction in fat intake, the less weight was regained.

FIG. 1. A model for energy balance and treatment of obesity. A model relating
energy balance to treatments for obesity. The top shows that changes in energy
stores are the result of changes in intake and/or energy expenditure. The other
boxes show ways in which these two components of the system can be altered
therapeutically.
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with similarly low carbohydrate levels but without a named diet
plan did not show this effect, raising concern about whether it is
the carbohydrate level itself or a placebo effect (7).

High-protein diets
High-protein diets have also been touted as weight-loss diets.

One study compared 15 and 25% protein diets as part of a low
fat intake. Weight loss over 6 months was greater with the higher-
protein diet (23, 24), and this difference was maintained at 12
and 24 months. Higher-protein diets may also enhance weight
maintenance (24–26). After weight loss with a VLCD for 4 wk,
148 male and female subjects were stratified by age, BMI, body
weight, restrained eating, and resting energy expenditure and
randomized to a control condition or a supplement of 48.2 g/d
additional protein. At the end of 3 months, the group receiving
the protein supplement to bring protein to 18% had a 50%
reduction in body weight regain.

Diets popularized through trade books
A recent analysis of several popular diets by Consumers

Union (27) has been adapted in Table 1. Included in this analysis
are a low-carbohydrate diet (Atkins) (28), a low-fat diet (Ornish)
(29), a low-glycemic-index diet (South Beach) (30), computer
diets (e-Diets), an energy-density diet (Volumetrics) (31), por-
tion-controlled (13), and commercial groups.

Comparison of diets with different macronutrient
composition

Two randomized clinical trials have compared several trade-
book diets head to head. In the first, 169 obese individuals were
randomized to one of four popular diets, including the Atkins
Diet, The Ornish Diet, the Weight Watchers Diet, and the Zone
Diet (32). At the end of 12 months, each diet produced weight
loss of about 5 kg, but there was no difference between diets.
Adherence to the diet was the single most important criterion of
success in this trial, and the Atkins and Ornish diets were ap-
parently more difficult to adhere to. In a second 1-yr trial, the
Atkins, Zone, Ornish, and LEARN diets were compared (33).
This trial found that the Atkins diet produced more weight loss
at 6 and 12 months compared with the other three diets, which
had similar results. In this study, too, a post hoc analysis showed
that adherence was the best predictor for weight loss and that the
level of adherence was not very good to any diet (34). Two rea-
sons are proposed for the differences. First, the study by Gardner

and colleagues (33) had a more homogeneous population, in-
cluding only premenopausal women. Second, the Gardner
study was larger and thus had more statistical power to detect
differences.

Lifestyle Changes and the Treatment of
Obesity

Elements of a lifestyle program
Current behavioral packages usually include keeping food

diaries and activity records, controlling the stimuli that activate
eating, slowing down the rate of eating, setting goals, behavioral
contracting and reinforcement, nutrition education, meal plan-
ning, modification of physical activity, social support, cognitive
restructuring, and problem solving (35).

Behavioral programs can be successful when administered
individually, as was done with the Diabetes Prevention Program,
where weight loss averaged 7% below baseline by 6 months with
only a slow gradual regain over the ensuing 3 yr (36, 37). It can
also be done using groups, which provide a more economical
setting, because a single therapist can treat up to 15 or more
participants (38). A recent review of long-term effectiveness of
lifestyle and behavioral weight-loss interventions by Norris and
colleagues (39) found 22 studies that examined weight loss in this
group of patients with some studies lasting up to 5 yr. Compared
with weight loss among more than 500 diabetics receiving usual
care, behavioral strategies produced an added �1.7 kg of weight
loss (95% CI � 0.3–3.2 kg). If physical activity and behavioral
strategies were combined with a VLCD (n � 117 diabetics),
weight loss was �3.0 kg more than in the VLCD comparison
groups. With more intense physical activity added on top of
behavioral and dietary advice, added weight loss was �3.9 kg.
The authors conclude that weight-loss strategies involving
behavior change, diet, and physical activity were associated
with small between-group improvements in weight loss for
diabetics. In a metaanalysis, Avenell and colleagues (11)
found that in four trials, adding behavioral therapy to diet
increased the weight loss after 12 months by �7.67 kg (95%
CI � �11.97 to �3.36 kg).

Increasing physical activity was a key element in success for
members of the National Weight Control Registry (35). In this
group of more than 4000 individuals who had lost at least 13.6 kg
(30 pounds) and kept it off for at least 1 yr, increasing physical

TABLE 1. Nutritional content of several popular diets

Diet
Protein

(%)
Fat
(%)

Saturated fat
(%)

Carbohydrate
(%)

Fiber
(g/1000 kcal)

Fruits and vegetables
(daily servings)

Atkins 29 60 20 11 12 6
e-Diets 24 23 5 53 19 12
Jenny Craig 20 18 7 62 16 6
Ornish 16 6 1 77 31 17
Slim-Fast 21 22 6 57 21 12
South Beach 22 39 9 38 19 3
Volumetrics 22 23 7 55 20 14
Weight Waters 20 24 7 56 20 11

Adapted from Ref. 27.
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activity was an important element in success. These individ-
uals had lost an average of 33 kg and maintained it for an
average of 5.7 yr. Women in the Registry reported expending
2545 kcal/wk and men 3293 kcal/wk. This would be equiv-
alent to about 1 h/d moderate-intensity activity, such as brisk
walking.

The efficacy of dietary counseling vs. control therapy has been
examined in a metaanalysis (40). A random-effects model of
46 studies of dietary counseling showed a maximum net treat-
ment effect of �1.9 BMI units (95% CI � �2.3 to �1.5 BMI
units) (approximately 6% weight loss) over 12 months. There
was a loss of about �0.1 BMI unit per month for the 12
months of active treatment and a regain of about 0.02– 0.03
BMI units per month during subsequent phases. In a meta-
analysis of four behavioral programs that included family
members, Avenell and colleagues (11) found that after 12
months, a family-based intervention had a weight loss of
�2.96 kg (95% CI � �5.31 to �0.60 kg) more than the
control behavioral programs.

Exercise and the Treatment of Obesity

Elements: strength vs. endurance
Two kinds of exercise, endurance and strength training, have

been used to treat obesity. Endurance exercises, such as walking
briskly, jogging, running, or riding a bicycle, are useful for in-
creasing cardiovascular fitness, whereas weight lifting strength-
ens individual muscle groups. Step counters that can be attached
to the belt are a useful way to monitor walking. Current recom-
mendations are to walk 30–90 min/d for 5 d/wk (41, 42). In a
trial of three dose levels of exercise, including the current level of
8 kcal/kg, Church et al. (41) showed a dose-dependent increase
in cardiorespiratory performance across a range of exercise levels
averaging 72, 136, and 192 min/wk but with no differences in
body weight.

One of the best trials of exercise and diet is shown in a year-
long study by Wood and colleagues (43), who reported a de-
crease of �7.2 kg in body weight in the group receiving the
dietary prescription and a decrease of �4.0 kg in body weight in
the group participating in the exercise intervention. There was a
decrease in low-density lipoprotein-cholesterol and triglycerides
and an increase in high-density lipoprotein (HDL)-cholesterol.
These effects occurred in both men and women. In a metaanalysis
of changes in lipids with diet and exercise, Dattilo and colleagues
(44) found that for each decrease of 1 kg in body weight there was
a decrease of �0.75 mg/dl in total cholesterol, a decrease of
0.6 mg/dl in triglycerides, and a change in HDL-cholesterol
that depended on whether body weight was stable or body
weight was still declining. If weight was stable, HDL-choles-
terol increased �0.35 mg/dl, but if weight loss was still oc-
curring, HDL-cholesterol was �0.25 mg/dl lower.

Exercise may also be beneficial in maintaining weight loss.
Activity that expends about 2500 kcal/wk has shown benefit
in helping patients maintain weight losses (41, 45– 47).

Medications and the Treatment of Obesity

Mechanisms underlying drug therapy of obesity
Currently available medications to treat obesity work in the

brain and on the gut (4, 48). A number of neurotransmitter sys-
tems, including monoamines, amino acids, and neuropeptides,
are involved in modulating food intake (49). Serotonin 5-HT2C

receptors modulate fat and caloric intake. Mice that cannot ex-
press the 5-HT2C receptor are obese and have increased food
intake. Sibutramine blocks serotonin and norepinephrine re-
uptake. Lorcaserin, a drug in clinical trial, works directly on
serotonin-2C receptors in the brain. These receptors may
work through modulation of downstream melanocortin-4 re-
ceptors (50).

�1-Receptors also modulate feeding. Some �1-receptor drugs
that are used to treat hypertension produce weight gain, indi-
cating that this receptor is clinically important. In contrast, stim-
ulation of �2-receptors increases food intake, and a polymor-
phism in the �2a adrenoceptor is associated with reduced
metabolic rate in humans. Activation of �2-receptors in the brain
reduces food intake, and �-blocker drugs can increase body
weight.

The two endogenous endocannabinoids, anandamide and
2-arachidonoylglycerol, increase food intake by acting on the
cannabinoid-1 (CB-1) receptor (51). This is a preganglionic re-
ceptor, where antagonists (rimonabant and taranabant) have
been shown to reduce food intake and lead to weight loss.

Other drugs act in the periphery. Blockade of intestinal lipase
with orlistat will produce weight loss. Glucagon-like peptide-1
released from intestinal L-cells acts on the pancreas and brain
to reduce food intake. Amylin is secreted from the pancreas and
can reduce food intake.

Drugs approved by the U.S. Food and Drug
Administration (FDA) for the treatment of obesity

Several drugs are currently approved in the United States to
treat obesity (Table 2).

Sibutramine
Sibutramine is a serotonin-norepinephrine reuptake inhibi-

tor. In a 6-month trial where 1047 patients were randomized to
placebo or doses of sibutramine ranging from 1–30 mg/d, there
was a clear dose-response effect (52). Longer trials with sibutra-
mine have been conducted in uncomplicated obese patients, in
patients with hypertension, in diabetics, and in children (4, 48).
In a metaanalysis of long-term studies of sibutramine, the pla-
cebo group had a weighted mean weight loss of �2.18 � 5.23 kg.
The drug-treated group had a weighted mean weight loss of
�6.35 � 6.47 kg for a net, or placebo-subtracted weight loss, of
�4.16 kg (95% CI � �4.73 to �3.59) (53). Sibutramine can be
used as intermittent therapy (54). During this 12-month trial, the
continuous-therapy and intermittent-therapy groups lost the
same amount of weight. Sibutramine has been used in children
(52). In a large 12-month-long multicenter trial with 498 ado-
lescents ages 12–16 yr, the mean absolute change in BMI was
�2.9 kg/m2 (�8.2%) in the sibutramine group compared with
�0.3 kg/m2 (�0.8%) in the placebo group (P � 0.001) (55).
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Sibutramine has also been studied as part of a behavioral weight-
loss program. With sibutramine alone and minimal behavioral
intervention, the weight loss over 12 months was approximately
�5.0 � 7.4 kg over 12 months. Behavior modification alone
produced a weight loss of �6.7 � 7.9 kg. Adding a brief behav-
ioral therapy session to a group that also received sibutramine
produced a slightly larger weight loss of �7.5 � 8.0 kg. When the
intensive lifestyle intervention was combined with sibutramine,
the weight loss increased to �12.1 � 9.8 kg (56).

Safety. Sibutramine increases blood pressure levels in normo-
tensive patients or blunts the decrease that might have occurred
with weight loss. Systolic and diastolic blood pressure levels in-
creased an average of �0.8 mm Hg and �0.6 mm Hg, and pulse
increased approximately 4–5 beats/min (48, 57). Caution should
be used when combining sibutramine with other drugs that may
increase blood pressure levels. Sibutramine is contraindicated in
patients with a history of coronary artery disease, congestive
heart failure, cardiac arrhythmias, or stroke. Sibutramine should
not be used with selective serotonin reuptake inhibitors or mono-
amine oxidase inhibitors, and there should be a 2-wk interval
between terminating monoamine oxidase inhibitors and begin-
ning sibutramine. Because sibutramine is metabolized by the cy-
tochrome P-450 enzyme system (isozyme CYP3A4), it may in-
terfere with the metabolism of erythromycin and ketoconazole,
and it has a small effect (7% increase in area under the curve) on
the metabolism of simvastatin, but not other statins.

Sympathomimetic drugs
The sympathomimetic drugs, benzphetamine, diethylpro-

pion, phendimetrazine, and phentermine, are grouped together
because they act like norepinephrine and were tested before
1975. One of the longest of the clinical trials of drugs in this

group lasted 36 wk and compared placebo treatment with con-
tinuous phentermine or intermittent phentermine (48). Both
continuous and intermittent phentermine therapy produced
more weight loss than did placebo.

Safety of sympathomimetic drugs. Sympathomimetic drugs pro-
duce insomnia, dry mouth, asthenia, and constipation. They are
scheduled by the Drug Enforcement Agency, suggesting the U.S.
government’s view that they may be abused. Sympathomimetic
drugs can also increase blood pressure.

Orlistat
Orlistat is a potent and selective inhibitor of pancreatic lipase

that reduces intestinal digestion of fat. A number of long-term
clinical trials with orlistat have been published using uncompli-
cated obese patients and obese patients with diabetes. A 4-yr
double-blind, randomized, placebo-controlled trial with orlistat
in 3304 overweight patients, 21% of whom had impaired glu-
cose tolerance (58), achieved a weight loss during the first year
of more than �11% below baseline in the orlistat-treated group
compared with 6% below baseline in the placebo-treated group.
Over the remaining 3 yr of the trial, there was a small regain in
weight, such that by the end of 4 yr, the orlistat-treated patients
were �6.9% below baseline, compared with �4.1% for those
receiving placebo. There was a reduction of 37% in the conver-
sion of patients from impaired glucose tolerance to diabetes.
Orlistat has also been studied in adolescents. In 539 adoles-
cents, orlistat 120 mg three times per day decreased BMI by
�0.55 kg/m2 in the drug-treated group compared with an
increase of �0.31 kg/m2 in the placebo group (59). In a meta-
analysis of trials with orlistat, the weighted mean weight loss in
the placebo group was �2.40 � 6.99 kg, and the weight loss in

TABLE 2. Drugs approved by the FDA that produce weight loss

Generic name Trade names Usual dose Comments

Drugs approved by the FDA for the long-term
treatment of obesity (12 months)

Orlistat Xenical 120 mg 3 times/d May have gastrointestinal
side effects

Sibutramine Meridia (U.S.) Reductil
(rest of world)

5–15 mg once daily Norepinephrine-serotonin
reuptake inhibitor; may raise
blood pressure

Drugs approved by the FDA for short-term
treatment of obesity (12 wk)

Sympathomimetic drugs;
approved for only a

Diethylpropion short time
Tablets Tenuate 25 mg 3 times/d
Extended release Tenuate 75 mg in morning

Phentermine HCl
Capsules Phentridol, Teramine,

Adipex-P
15–37.5 mg in the morning

Tablets Tetramine, Adipex-P 15–37.5 mg in the morning
Extended release Ionamin 15 or 30 mg/d in the morning

Benzphetamine Didrex 25–150 mg/d in single or divided doses
Phendimetrazine

Capsules, extended release Adipost, Bontril, Melfial 105 mg once daily
Tablets Prelu-2, X-trozine,

Bontril, Obezine
35 mg 2–3 times/d

Adapted from Ref. 48.
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those treated with orlistat was �5.70 � 7.28 kg for a net effect
of �2.87 (95% CI � �3.21 to �2.53) (53).

Safety of orlistat. Orlistat is not absorbed to any significant de-
gree, and its side effects are thus related to the blockade of tri-
glyceride digestion in the intestine (48). Fecal fat loss and related
GI symptoms are common initially, but they subside as patients
learn to use the drug. Orlistat can cause small but significant
decreases in fat-soluble vitamins. Levels usually remain within
the normal range, but a few patients may need vitamin supple-
mentation. Because it is impossible to tell which patients need
vitamins, it is wise to provide a multivitamin routinely with in-
structions to take it before bedtime. Orlistat does not seem to
affect the absorption of other drugs, except acyclovir.

Combining orlistat and sibutramine
When orlistat was combined with sibutramine in a 4-month

trial initiated at the end of a 12-month treatment period with
sibutramine, there was no further weight loss (60). Thus, we have
no data that combining orlistat and sibutramine is beneficial.

Drugs approved by European Regulatory Authorities but
not by the FDA

Rimonabant
Rimonabant is approved and marketed in Europe, but at an

Advisory Committee meeting to the FDA in June 2007, the vote
was not to approve rimonabant in the United States. Rimon-
abant is a specific antagonist of the CB-1 receptor. Genetically
engineered mice that lack the CB-1 receptor are lean and resistant
to diet-induced obesity.

The results of four phase III trials of rimonabant for the treat-
ment of obesity have been published (61–64): two in uncompli-
cated obesity, and one each in patients with dyslipidemia and
diabetes. A fifth study, called STRADIVARIUS, examined the
effect of treatment for rimonabant on coronary artery plaque
thickness in patients needing coronary angiography (65). At the
end of 18 months, there was no significant difference in the pri-
mary endpoint (percent atheroma volume) between groups (pla-
cebo vs. 20 mg/d rimonabant), but the secondary endpoint (total
atheroma volume) showed significant improvement in the
rimonabant group, raising the possibility that this drug may have
benefits on the progression of coronary vascular disease.

Safety. There were significantly more psychiatric side effects
with the higher dose of rimonabant in the first year of treatment,
and three suicides were reported to the FDA during clinical trials.
Because patients with depression were excluded from the initial
phase III studies, there is no information on how this drug works
in depressed patients or those taking antidepressants (66).

Drugs that have been used to treat obesity but are not
approved by the FDA for this purpose

Several drugs approved for purposes other than weight loss
have been used for the treatment of obesity including metformin,
fluoxetine, bupropion, topiramate, and zonisamide (4). Physi-
cians who decide to try these agents are using them off-label and

would be well advised to do so only with signed informed consent
from the patient.

Combinations of drugs that produce weight loss
The first important clinical trial combining drugs that acted

by separate mechanisms used phentermine and fenfluramine
(67). This trial showed a highly significant weight loss of nearly
15% below baseline with fewer side effects by using combination
therapy. This combination became very popular, but due to re-
ports of aortic valvular regurgitation associated with its use (68),
fenfluramine was withdrawn from the market worldwide on
September 15, 1997. Several other combinations of existing
drugs are now under development, and the results are awaited
with interest (4).

Drugs that increase energy expenditure
There are no effective drugs in this class.

Conclusions

A number of treatments have been used in the obese patient, but
all produce weight loss of about 10% below baseline. There are
presently only two drugs approved for long-term treatment of
overweight patients, and their effectiveness is limited to pallia-
tion of the chronic disease of obesity.
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