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Abstract In many industrialized nations, obesity is now considered an epidemic, resulting in accelerated morbidity
and mortality. Obesity is associated with an increased risk of coronary artery disease as well as the metabolic
syndrome comprised of abdominal obesity, increased fasting blood glucose, dyslipidemia and hypertension,
which are all recognized cardiovascular risk factors. Diet, exercise, and lifestyle changes constitute important
recommendations for treatment. Unfortunately, although effective in some individuals, these recommendations
have proven to be ineffective in adequately addressing the broad, enlarging scope of this public health problem.

Drug treatment is often indicated but is somewhat limited by the minimal number of well tolerated drugs
that have proven to have long-term efficacy in maintaining bodyweight loss. For example, phentermine may
result in modest bodyweight loss through suppression of appetite, but potential cardiovascular adverse effects
exist and the efficacy is mainly short-term. Sibutramine, an inhibitor of serotonin and norepinephrine (noradren-
aline) reuptake, may increase satiety and result in modest bodyweight loss. However, cardiovascular adverse
effects may occur in susceptible patients. Nonetheless, sibutramine is one of the few drugs that has been approved
by the US Food and Drug Administration (FDA) for bodyweight loss. Orlistat, a lipase inhibitor, is also approved
by the FDA for bodyweight loss but may have bothersome gastrointestinal adverse effects, especially among
patients who do not adhere to the recommended low-fat diet. Ongoing studies continue to evaluate other obesity
drug treatments that may result in bodyweight reduction through a number of different mechanisms.

It is anticipated that the development of effective and well tolerated antiobesity drugs will elevate the
pharmacologic treatment of obesity to the status of other cardiovascular risk factors and metabolic disorders.
This may be especially important given that dyslipidemia, hypertension and type 2 diabetes mellitus are often
secondary to, or exacerbated by, obesity.
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Obesity in the US and other industrialized nations is now
considered an epidemic.[1] Estimates of the prevalence of obesity
vary. Earlier estimates suggested that over 20% of adults in Eur-
ope and the US were obese,[2] More recent reports suggest that
approximately 50 to over 60% of adults in the US are overweight
or obese.[3-8]

According to the International Obesity Task Force,[7] obesity
is defined as a body mass index (BMI) [bodyweight in kilograms
divided by height in meters squared] ≥30 kg/m2.[6,9] Patients
meeting this criterion for obesity have a significantly increased
risk of numerous morbidities.[10] For example, obesity substan-
tially increases the risk of mortality[11] as well as cardiovascular
risk factors such as dyslipidemia, hypertension, and type 2 diabe-
tes mellitus. Obesity may also increase the risk of other disorders,
including gallbladder disease, sleep apnea, orthopedic disorders,
and various forms of cancer.[12,13]

Obesity is associated with an increased risk of coronary heart
disease (CHD) and congestive cardiomyopathy.[13,14] In fact, obe-
sity is an important listed criterion in defining metabolic syn-
drome. The third report of the National Cholesterol Education
Program Expert Panel (Adult Treatment Panel III)[15] has recog-
nized the importance of the metabolic syndrome as a cardiovas-
cular risk factor, defined it as abdominal obesity, atherogenic
dyslipidemia, hypertension and elevated fasting glucose (table I),
and made specific treatment recommendations for patients with
this metabolic abnormality which reportedly afflicts approxi-
mately 22% of adults in the US.[16]

Clinicians recognize the prevalence of obesity in their clini-
cal practice and the common comorbidities listed above. Treating
obesity is often frustrating because of the limited success of diet
and lifestyle interventions and the limited number of effective and
well tolerated pharmacologic therapies available. For example, it
is not uncommon for clinicians to encounter patients with obesity
with a history of bodyweight gain that the patients perceive is not
related to caloric intake; these patients often believe that their
obese state must be ‘hormonally’ related or a result of some as
yet undiagnosed medical condition. It is true that a minority of

patients with obesity may have an underlying medical condition
or may be receiving a concurrent drug treatment that contributes
to their obese state.[17] These potential secondary causes (such as
hypercortisolism and hypothyroidism) should be evaluated and
treated as necessary. But it is a basic law of thermodynamics that
the scientific and medical explanation of obesity is solely the
result of caloric intake that exceeds calories expended. This ex-
planation is often not welcomed by patients, because the sub-
sequent initial treatment is appropriate diet, routine physical ex-
ercise, and behavior recommendations, which may represent
significant and poorly accepted lifestyle changes on the part of
the patient with obesity.

1. Current Approaches to Obesity

In order to assist healthcare providers in the management of
the obesity epidemic, public health initiatives and diet and exer-
cise guidelines have been recommended by national organiza-
tions.[18] However, despite these recommendations, the preva-
lence of obesity, particularly among the young, has increased.[7,8]

This might reasonably suggest that public health guidelines have
not been in the past, and may not be in the future, sufficient in
stemming the epidemic of obesity. Therefore, as with other epi-
demics, it is likely that drug treatments for obesity will grow as
an important therapeutic option for this widespread disorder, and
drug research will continue to focus on the development of effec-
tive and well tolerated drug treatments for patients with obesity.

Current drug treatments include those that decrease appetite
or increase satiety, thermogenic agents, and digestive inhibi-
tors[17,19] and are outlined in table II.

The mechanism of action of most current drugs that decrease
appetite or increase satiety is through an increase in the availabil-
ity of anorexigenic central nervous system (CNS) neurotransmit-
ters such as norepinephrine (noradrenaline), serotonin (5-hydroxy-
tryptamine, 5-HT), dopamine, or a combination of these.[20]

Amphetamines are sympathetic amines that are rarely used
drugs for the treatment of obesity. Amphetamine drugs such as
dextroamphetamine (dexamphetamine) suppress appetite, and in-
crease metabolic rate. As a result of their stimulant effect, they
may cause dangerous cardiovascular adverse effects such as
tachycardia and hypertension. They also have high abuse poten-
tial and are therefore considered a US Drug Enforcement Admin-
istration (DEA) Schedule II drug, with sale and manufacturer
restrictions. Although dextroamphetamine does have an indica-
tion for treatment of narcolepsy and attention deficit hyperactiv-
ity disorder, it does not have a specific indication for the treat-
ment of obesity.

Benzphetamine and phendimetrazine are both US DEA

Table I. The National Cholesterol Education Program (Adult Treatment
Panel III)[15] definition of the metabolic syndrome

Three or more of the following must be present:
Waist circumference >102cm (40 inches) in men and >88cm (35 inches)
in women

Plasma triglyceride level ≥1.69 mmol/L (150 mg/dl)

Plasma high-density lipoprotein cholesterol level <1.04 mmol/L (40 mg/dl)
in men and <1.29 mmol/L (50 mg/dl) in women

Blood pressure ≥130 / ≥85mm Hg

Fasting blood glucose level ≥6.1 mmol/L (110 mg/dl)
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Schedule III anorectic sympathomimetic amines with a pharma-
cologic activity similar to the amphetamines and are approved
for short-term treatment of obesity.

Non-amphetamine DEA Schedule IV anorexiants include
mazindol, which is an isoindole compound, and diethylpropion
(amfepramone), which is a sympathomimetic amine. All of these
approved drugs primarily decrease appetite, but because they
may have effects somewhat similar to amphetamines, they may
have some potential to increase metabolic rate. These drugs have
less stimulant activity than amphetamines, have low abuse poten-
tial, and have an indication for short-term treatment of obesity
(for only a few weeks). It is presumed that ‘a few weeks’ is around
12 weeks.[20] Among their potential adverse effects are cardio-
vascular effects that include cardiac dysrhythmias, tachycardia,
and edema.

Given these potential adverse effects and the fact that for the
vast majority of patients obesity requires lifelong treatment, the
health benefits of using these anorexiants for only a few weeks
in the treatment of a lifelong condition is questionable. Thus,
these drugs are not widely prescribed for the treatment of obesity
in the US.

Another DEA Schedule IV appetite suppressant is the
noradrenergic sympathomimetic agent phentermine, which is
also a non-amphetamine anorexiant that is indicated for short-
term treatment of obesity (a few weeks). If effective, phentermine
usually results in only modest bodyweight reduction and usually
for only a few weeks. Phentermine is contraindicated in patients
with cardiovascular conditions such as advanced arteriosclerosis,

symptomatic cardiovascular disease, and moderate to severe hy-
pertension.

Another over-the-counter noradrenergic agent phenylpro-
panolamine was withdrawn from the US market in 2000 because
of unacceptable risks of stroke especially in adult women.[21]

Fluoxetine is a highly selective serotonin reuptake inhibitor
(SSRI) that may decrease appetite in some patients. However,
definitive and significant bodyweight loss has been reported in-
consistently in clinical trials. Trials of other drugs such as
bupropion and sertraline have yet to demonstrate definitive, long-
term efficacy in the treatment of obesity, even among patients
with coexistent depression. As a result, fluoxetine, bupropion and
sertraline have not received FDA approval for the treatment of
obesity.

Sibutramine inhibits serotonin and norepinephrine reuptake
and has been approved by the FDA for the treatment of obesity.
Its effectiveness in the treatment of obesity is thought to be pri-
marily through increasing satiety, although there may be some
stimulation of thermogenesis in animals by activating β-adreno-
ceptors in brown adipose tissue. Controlled studies have demon-
strated that bodyweight loss occurs for the first 6 months of treat-
ment with sibutramine and is maintained for up to 1.5 years
afterwards.[5,6,22] However, bodyweight gain frequently recurs
after discontinuation of this drug. In the Sibutramine Trial of
Obesity Reduction and Maintenance, participants who lost more
than 5% of their bodyweight after 6 months of therapy were ran-
domized to receive sibutramine or placebo for a further 18
months.[20,23] Some bodyweight regain was seen in both groups
during the second year of follow-up; however, the bodyweight
loss in the sibutramine-administered group was significantly
greater than the placebo group for the full 2 years of the trial.

Studies of sibutramine treatment have also demonstrated im-
provement in important cardiovascular risk factors, such as blood
lipid levels,[24] and improved blood glucose metabolism as mea-
sured by blood hemoglobin A1c levels.[25]

Potential cardiovascular adverse effects of sibutramine in-
clude mild increases in blood pressure and heart rate. Other ad-
verse effects include dry mouth, insomnia, and constipation. Of
most concern is that some patients may experience substantial
increases in blood pressure with sibutramine, and thus close mon-
itoring is required. Sibutramine is contraindicated in patients with
uncontrolled hypertension, CHD, cardiac dysrhythmias, conges-
tive heart failure, or stroke.

Ephedrine and caffeine are commonly used in combination
over-the-counter bodyweight loss preparations. They may also
have appetite suppressant and thermogenic properties. However,
these effects are short lived (weeks), and adverse effects may

Table II. Currently used antiobesity drugs

Drugs that primarily decrease appetite or increase satiety
Sibutramine

Benzphetamine

Phendimetrazine

Mazindol

Diethylpropion (amfepramone)

Drugs that increase RMR and thermogenesis and decrease appetite
Dextroamphetamine (dexamphetamine)a

Phentermine

Caffeineb

Ephedrineb

Drugs acting in the gastrointestinal tract
Orlistat

a Dextroamphetamine is not approved by the US Food and Drug
Administration for the treatment of obesity.

b Caffeine and ephedrine are commonly used in over-the-counter
combination preparations and not as individual treatments for obesity.

RMR = resting metabolic rate.
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include tremor, insomnia, and more severe cardiovascular ad-
verse effects such as cardiac dysrhythmias.

Orlistat is a gastrointestinal lipase inhibitor that impairs the
absorption of dietary fat. Significant and sustained bodyweight
reduction for at least 2 years has been noted in clinical trials.[5]

CHD risk factors have been shown to improve as well. This drug
initially was evaluated as a hypolipidemic agent, since lipid blood
levels improve with orlistat treatment, and this benefit may ex-
ceed what would be expected based upon bodyweight loss
alone.[26-28] Orlistat treatment may also favorably affect glucose
metabolism by improving glucose tolerance and delaying devel-
opment of type 2 diabetes mellitus in patients with obesity,[29]

and it improves blood glucose levels in patients with type 2 dia-
betes mellitus.[30] High blood pressure may be improved as
well.[31]

Orlistat treatment may result in gastrointestinal adverse ef-
fects such as flatus, oily stools, fecal urgency and fecal inconti-
nence. In addition, abdominal pain may occur, particularly
among patients who do not comply with the recommended low-
fat diet. Malabsorption of fat-soluble vitamins (A, D, E, and K)
has rarely, if ever, occurred, but a daily multivitamin in the eve-
ning is recommended concurrently with orlistat treatment as a
preventative measure.

The above describes the limited number of drugs available
for the safe and effective treatment of obesity for many patients.
Thus, new antiobesity drugs in development will pursue new
mechanisms of action as well as continue to explore mechanisms
of action of established antiobesity drugs (table III).

2. Antiobesity Drugs in Development

2.1 Antiobesity Drugs that Predominantly
Decrease Appetite or Increase Satiety

A reduction in caloric intake will continue to be a mainstay
of treatment of patients with obesity who have been unresponsive
to diet, exercise, and behavior modification.[32]

One antiobesity drug in phase III clinical trials is the can-
nabinoid (CB) receptor antagonist rimonabant, which may de-
crease caloric consumption by decreasing appetite. Rimonabant
blocks the CB1 receptor, which is found throughout the CNS, and
is a member of the G protein–coupled receptor family. The en-
dogenous CB system may be involved with a number of CNS
functions, including appetite.[33] Blocking or antagonizing these
functions may result in bodyweight reduction.[34]

Another antiobesity drug in phase III of development is cil-
iary neurotrophic factor (CNTF),[35] which is a nerve growth fac-
tor (cytokine) that is not found in appreciable levels in the blood

but is released locally in the hypothalamus at the cellular level.

It was originally studied as a potential treatment for amyotrophic

lateral sclerosis (ALS). It did not demonstrate efficacy in patients

with ALS, however bodyweight reduction was observed. Phase

II studies with CNTF, a hormone with some leptin-like neuroen-

docrine effects, have shown some promise in bodyweight reduc-

tion.
P57 is an extract from a cactus that reportedly has been eaten

by African tribesmen in order to decrease hunger during long

hunting trips. Clinical trials are planned to determine its safety

and effectiveness in the treatment of obesity.

Dopamine receptor antagonists may also reduce appetite and

thus caloric intake. For example, risperidone was shown to result

in bodyweight reduction in a very small trial involving treatment

of patients with Prader-Willi syndrome.[36] Ecopipam, a dopa-

mine (D1) receptor antagonist, was originally developed as a

Table III. Antiobesity drugs in various stages of development

Drugs that primarily decrease appetite or increase satiety
Ciliary neurotrophic factor

Cannabinoid (CB1) receptor antagonist (rimonabant)

P57

Dopamine antagonist (risperidone)

Selective 5-HT2C receptor agonists

Topiramate

Dopamine and norepinephrine (noradrenaline) reuptake inhibitors

Melanocortin-4 receptor (MC4R) agonists

Neuropeptide Y antagonists

Drugs that primarily increase RMR or thermogenesis
Adipocyte complement – related protein of 30kD (Acrp30)

β-adrenergic receptor stimulators (β-agonists)

Thyroid receptor agonists

Drugs that increase RMR and thermogenesis and decrease appetite
‘Second-generation’ leptina

Gastrointestinal-acting drugs
Cholecystokinin-A promoter (CCK-A promoter)

Glucagon-like peptide–1 (GLP-1)

Lipase inhibitor

Phytostanol

Ghrelin antagonists

Other
Growth hormone fragment

Insulin sensitizers (protein tyrosine phosphatase drugs, peroxisome
proliferation activator gamma receptor antagonists, short-acting
bromocriptine, carboxypeptidase inhibitors, somatostatin agonists)

Other hormone-acting drugs

a Newer generation leptin or leptin-like drugs might increase thermogenesis.

5-HT = serotonin (5-hydroxytryptamine); RMR = resting metabolic rate.
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treatment for schizophrenia. It has recently been withdrawn from
clinical trials with regard to treatment of obesity.

Selective 5-HT2C receptor agonists are being evaluated as
antiobesity drugs because they are thought to induce satiety. The
selectivity of these newer potential agents may have an advantage
over older antiobesity drugs which acted on the serotonergic sys-
tem. For example, dexfenfluramine, withdrawn from the market
because of associated heart valve abnormalities, indirectly re-
sulted in the indiscriminate activity of 5-HT receptors, including
those in peripheral tissue. Specifically, it has been suggested that
activation of 5-HT2B receptors accounted for the fenfluramine-
associated valvular heart disease.[37,38] In contrast, the distribu-
tion of 5-HT2C receptors i.e., expressed in high density in the
brain (notably in the hypothalamus) but absent or present in low
density in peripheral tissues, indicates that selective 5-HT2C re-
ceptor agonists may not have adverse effects related to peripheral
5-HT receptor activation.

At least one trial has suggested that topiramate, originally
intended for use as an antiepileptic drug, may be beneficial in
treating binge-eating disorder.[39] Other dopamine and norepi-
nephrine reuptake inhibitors are also in development. However,
the current clinical obesity trial program with topiramate has
been discontinued. Finally, other potential antiobesity drugs in
development included melancortin-4-receptor (MC4R) agonists
and neuropeptide Y antagonists.

2.2 Antiobesity Drugs that Predominantly Increase
Metabolic Rate or Thermogenesis

Other antiobesity drugs in development may increase resting
metabolic rate or thermogenesis. This is important because for
most people approximately two-thirds of the body’s energy ex-
penditure is a result of maintaining essential body functions and
body temperature. The resting metabolic rate is, in turn, depend-
ent upon lean body mass (such as muscle mass) and decreases
with age. Therefore, in the event that exercise is not sufficient in
achieving sufficient energy expenditure, drugs that increase en-
ergy expenditure might hold promise for bodyweight reduction.

Adipocyte complement-related protein of 30kD (Acrp30)
has been shown to result in bodyweight loss in mice by increasing
fatty acid oxidation in muscle.[40] β3-Adrenoceptors, located
mainly in adipose tissue, are thought to be involved in lipolysis
and thermogenesis. Selective β-adrenoceptor agonists may there-
fore theoretically increase metabolic rate and decrease body fat.
Thyroid hormone preparations have been evaluated in the treat-
ment of obesity since approximately 1900. Because of the ad-
verse effects of possible hyperthyroidism and potential accelera-
tion of osteoporosis, thyroid hormone is contraindicated as a

treatment for obesity.[19] However, thyroid hormone does in-
crease thermogenesis,[41] and antiobesity drugs in development
include agents that target certain actions at the thyroid hormone
receptor level but do not result in the undesirable adverse effects
of current thyroid hormone preparations.

2.3 Antiobesity Drugs that May Decrease
Appetite/Increase Satiety and Increase
Metabolic Rate/Thermogenesis

Yet other potential drug treatments, such as leptin (probably
the most studied obesity-related hormone) may both reduce ap-
petite/increase satiety and increase energy expenditure. Because
leptin is produced by fat cells and regulates food intake and en-
ergy expenditure, it was hoped that administration of recombi-
nant leptin would result in bodyweight loss. However, its physi-
ological effects are complex, and although some clinical trials
have suggested benefit,[42] other studies of bodyweight reduction
with peripheral leptin have been disappointing.[21] Phase II trials
with ‘second-generation’ leptin are currently ongoing in the
hopes of demonstrating superior efficacy compared with native
leptin. For example, some studies suggest that, in contrast to ro-
dents, no relationship has been found between blood leptin levels
and energy expenditure in humans.[43] Future studies of ‘second
generation’ leptin may help further illuminate the role of leptin
in human energy expenditure.

2.4 Antiobesity Drugs that Predominantly
Affect the Gastrointestinal System

Yet other potential antiobesity drugs may act directly on the
gastrointestinal system (GI). For example, cholecystokinin-A
(CCK-A) promoter is a gut hormone produced in the upper small
intestine as well as a neuropeptide in nerve terminals in the CNS
and peripheral nervous system.[44] It activates gastric fibers and
causes satiety,[6] and thus CCK-A agonists may conceivably
prove to be a useful treatment for obesity.

Glucagon-like peptide–1 (GLP-1) is a gut hormone that in-
hibits glucagon secretion and stimulates glucose-induced insulin
secretion. It may therefore reduce blood glucose levels in patients
with diabetes mellitus and may inhibit gastric emptying,[45,46] but
does not result in lipolysis.[47] GLP-1 is also one of a number of
hormones that signals satiety,[21] and thus bodyweight loss may
also occur through this additional mechanism. Other GI-acting
antiobesity drugs include lipase inhibitors, which are thought to
work similarly to the current lipase inhibitor, orlistat, phy-
tostanols which impair cholesterol absorption among other prop-
erties, and ghrelin antagonists. Ghrelin is an endogenous ligand
for the growth hormone secretagogue receptor secreted by the
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stomach, and may account for the observed increased appetite
after dieting. Inhibition of this hormone may be a potential target
in the treatment of obesity, and the weight regain so often asso-
ciated with bodyweight loss during obesity treatment.

2.5 Other Antiobesity Drugs

Other drugs in development, such as growth hormone frag-
ments, may have potential favorable effects upon obesity.
Growth hormone, given to patients with growth hormone defi-
ciency, results in an increase in lean body mass and a reduction
in fat mass. The use of growth hormone in patients with Prader
Willi syndrome has been shown to result in sustained fat utiliza-
tion and increased physical strength.[48] The use of growth hor-
mone fragment in patients with obesity without absolute growth
hormone deficiency may also hold promise in improving body
composition.

Drugs that increase insulin sensitivity or otherwise affect
insulin metabolism may be effective in treating obesity and in-
clude protein tyrosine phosphate drugs, peroxisome proliferation
activator gamma receptor antagonists, short-acting bromocript-
ine, carboxypeptidase inhibitors, and somatostatin agonists.
Hyperinsulinemia is often associated with early stages of obesity
and may worsen insulin resistance in skeletal muscle while adi-
pose tissue remains insulin sensitive. This often results in the
‘obesity metabolic cycle’ where hyperinsulinemia is followed by
worsening insulin resistance, followed by even greater
hyperinsulinemia. Not only might this worsen the predisposition
to further obesity, but may also eventually result in glucose in-
tolerance and frank type 2 diabetes mellitus. Thus correction of
this cycle might reasonably be expected to improve both these
two adverse consequences of the obesity metabolic cycle.

Other hormonally acting drugs include novel corticosteroid
drugs such as fluasterone, which is a synthetic analog of the adre-
nal steroid hormone, dehydroepiandrosterone. It has also been
shown in animals that human corticorelin may increase thermo-
genesis and fat oxidation, and decrease food intake, and may
present a novel strategy to increase energy expenditure.[49] Fi-
nally, obesity drugs in development may target 11 beta-
hydroxysteroid dehydrogenase type 1 which affects corticol me-
tabolism, and may increase visceral obesity and increase the risk
of metabolic syndrome.

3. Current Guidelines for Drug Treatment of Obesity

One approach to obesity treatment is to address obesity ther-
apy in a manner similar to treatment of other metabolic diseases,
such as dyslipidemia, hypertension, and type 2 diabetes mellitus.
Education and behavior modification can be an effective first

step, particularly with regard to appropriate diet and exercise
recommendations. If these nonpharmacologic, lifestyle interven-
tions fail, then the clinician may consider drug treatment based
upon recommended guidelines.[7,50,51] According to these guide-
lines, physicians might consider using drug treatment in patients
with comorbidities and a BMI ≥27 kg/m2 or in those with BMI
≥30 kg/m2 with or without comorbidities.

The rationale for initiation of drug treatment according to
these guidelines is the well-documented morbidity and mortality
risk of obesity and concurrent metabolic abnormalities that so
often accompany obesity. Realistically, the only FDA-approved
antiobesity drugs with well-controlled, long-term, safety and ef-
ficacy trials are sibutramine and orlistat. Trials of these drugs
have lasted for up to 2 years and demonstrated significant and
sustained bodyweight loss. Concomitant benefit of drug treat-
ment has also been observed in comorbidities such as improved
glucose metabolism and improved blood lipid levels.

The choice between these two current drug treatment options
is dependent upon anticipated potential benefits and risks as they
relate to the age and health status of the patient as well as the
known mechanisms of action and potential adverse effects of the
drugs. For example, patients with underlying cardiovascular dis-
orders, such as poorly controlled hypertension or significant
CHD, would not be candidates for treatment with sibutramine, as
these conditions may worsen as a result of a possible increase in
pulse rate and blood pressure. Patients with concomitant gas-
troenteropathies such as cholestasis, significant irritable bowel
syndrome, and chronic malabsorption syndromes (such as active
inflammatory bowel disease) would not be good candidates for
treatment with orlistat.

Therefore, the choice of which drug is best in the individual
patient should be based upon the individual clinical presentation
of the patient. For example, a patient with obesity who has con-
sistently failed low-fat, low-caloric diets and has no history of
significant atherosclerotic cardiovascular disease, uncontrolled
hypertension, or dysrhythmia/tachycardia may be a candidate for
sibutramine therapy. Alternatively, a patient with obesity with a
history of chronic constipation who is willing to adhere to a low-
fat diet might respond well to orlistat.

4. Rationale and Prospects for Combination
and Aggressive Use of Antiobesity Drugs

Perhaps one of the more intriguing aspects of antiobesity
drugs in development will be their potential use in combination
drug treatment. Again, in many ways, the treatment of the meta-
bolic condition of obesity is not unlike many other metabolic
disorders. For example, dyslipidemia, hypertension, and type 2
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diabetes mellitus are often managed by a multifactorial approach
including education, dietary counseling, behavior modification,
and, if needed, drug treatment. If this is not sufficient, then com-
bination drug treatment is often employed. This approach to these
other metabolic conditions is well accepted.

A small study in 34 women who were treated with sibutram-
ine for 1 year and then randomized to placebo or orlistat did not
demonstrate any additional significant bodyweight loss.[52] How-
ever, confirmatory large, long-term clinical trials of the com-
bined use of sibutramine and orlistat have yet to be performed.
Therefore, insufficient data are available to determine the long-
term safety and efficacy of this combination. However, as with
treatments of other metabolic diseases, it is conceivable that the
use of this combination might allow for equal or perhaps greater
efficacy and possibly the use of lower dosages, and thus a possi-
ble reduced risk of adverse effects.

It may be reasonable to conclude that the treatment of obesity
should be as aggressive as the recommended guidelines for the
treatment of dyslipidemia, hypertension, and type 2 diabetes mel-
litus, given the marked increase in morbidity with obesity and
that obesity-related morbidities (such as dyslipidemia, hyperten-
sion, and type 2 diabetes mellitus) might substantially improve
with treatment of obesity alone. In fact, it might be worth consid-
ering aggressive treatment of obesity as a first-line treatment for
patients with obesity-related metabolic abnormalities rather than
multiple combination drug treatments for the comorbidities that
result from the obese state. Hence, if such an approach becomes
as accepted for obesity as it is for the metabolic conditions that
may be the result of obesity, then early intervention with combi-
nation drug treatments may soon be subject to more studies.

4.1 Antiobesity Drugs and Coronary Artery Disease

With specific regard to atherosclerosis, it should be noted
that, despite antiobesity drug treatments being associated with an
improvement in CHD risk factors (such as dyslipidemia, hyper-
tension, and type 2 diabetes mellitus), no outcome trial has yet
demonstrated a reduction in CHD events with antiobesity drugs.
Although the benefits of reduction in CAD risk factors with anti-
obesity drugs may seem intuitive, it should be remembered that
until definitive trials were completed,[53,54] it was not definitively
known that ‘tight’ blood glucose control reduced chronic com-
plications in patients with type 1 or type 2 diabetes mellitus,
although this may have been predicted by the most obvious man-
ifestation of diabetes mellitus, which was high blood glucose
levels. Similarly, even though epidemiologic studies had demon-
strated a clear association between elevated blood cholesterol
levels and an increased risk for CHD, it was not until outcomes

trials were completed[55,56] that it became universally accepted
that drug treatment of hyperlipidemia reduced CHD morbidity
and overall mortality.

It is likely that until such definitive outcome trials are per-
formed with antiobesity drugs, there may be doubts among some
clinicians as to the benefits of long-term, aggressive use of anti-
obesity drugs specifically for the purpose of reducing actual CHD
events. Certainly, there may remain doubts as to the advisability
of using antiobesity drugs as initial therapy to treat dyslipidemia,
hypertension, or type 2 diabetes mellitus as opposed to, or in
preference to, established lipid-altering drugs or antihypertensive
drugs that have proven benefit on CHD outcomes in long-term
trials. Therefore, even though antiobesity drugs may have proven
benefits with regard to CHD risk factors such as dyslipidemia,
hypertension, and type 2 diabetes mellitus, the definitive benefit
of antiobesity drugs in reducing CHD events (and overall mor-
tality) will remain unknown until CHD outcome trials are com-
pleted.

5. Conclusion

Obesity results from an imbalance between caloric consump-
tion and energy expenditure. Obesity may result in significant
morbidity alone, and may cause or exacerbate important com-
orbidities such as cardiovascular risk factors. The treatment ap-
proach to patients with obesity includes dietary counseling, edu-
cation, routine physical exercise, behavior modification, and, if
needed, drug treatment. Sibutramine and orlistat are currently
available for the treatment of obesity and antiobesity drugs in
development include agents that decrease appetite, increase sati-
ety, and increase energy expenditure. Other potential antiobesity
drugs are recombinant gut hormones that may result in body-
weight loss through their physiological actions locally at the gut
or in the CNS. Insulin sensitizing drugs are being developed to
address the ‘obesity metabolic cycle.’ Other hormones may work
to favorably alter body composition.

It is to be expected that once more antiobesity drugs become
available, agents with different mechanisms of action may be
used in combination, as is currently accepted for the treatment of
other metabolic conditions such as dyslipidemia, hypertension,
and type 2 diabetes mellitus.
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