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BSTRACT
besity and cardiometabolic risk, or the metabolic syn-
rome, continue to be major public health concerns. To
ate, treatment with lifestyle and pharmacotherapy in-
erventions has resulted in limited efficacy in reversing
he upward trend in this present-day health crisis. Re-
earch reveals that a modest 5% to 10% weight loss re-
ults in substantial improvement in health. While obtain-
ng modest weight loss is often achievable, maintaining
ost weight is challenging. Research has recently im-
roved our understanding of several endogenous path-
ays that influence body weight regulation and disease

isk. The endocannabinoid system has been found to reg-
late appetite and energy expenditure, as well as lipid
nd glucose metabolism. Interest in blocking stimulation
f this pathway to aid weight loss and reduce cardiomet-
bolic risk factor development is an area of interest and
esearch. This article reviews the mechanisms by which
he endocannabinoid system is believed to influence body
eight regulation and cardiometabolic risk factors, as
ell as the results of clinical trials investigating the

afety and efficacy of a selective cannabinoid-1 receptor
ntagonist (rimonabant). Clinical trials investigating
imonabant treatment resulted in substantial reductions
n body weight and markers for cardiometabolic risk in
tudy participants. However, increases in adverse events
ere reported in the drug-treated group. Data regarding
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ong-term benefit and adverse events from rimonabant
reatment are being collected in several ongoing clinical
rials. Rimonabant is currently available in 42 countries,
ut has not received United States Food and Drug Ad-
inistration approval. Food and nutrition professionals

lay a pivotal role in tackling the current obesity crisis; it
s essential that they understand the many physiological

echanisms regulating body weight. Emerging research
ata reveals pathways that influence appetite and energy
etabolism, and this knowledge may form the foundation

or new clinical treatment options for obese individuals.
 Am Diet Assoc. 2008;108:823-831.

besity is not a new health problem. Archeological
finds in Egypt dating back to between 2,000 and
2,500 BC reveal that some individuals in the upper

ocial classes were obese (1). The current obesity epi-
emic, however, presents as a major public health con-
ern for all socioeconomic groups, with higher prevalence
ates noted in minority and economically impoverished
roups (2). Prevalence of overweight and obesity, defined
s a body mass index (BMI; calculated as kg/m2) �25 and
30, respectively, continues an upward trend in devel-

ped as well as in developing countries (3). Two thirds of
ll adults in the United States are overweight, with close
o one third meeting the criteria for obesity (4), increasing
he risk for developing cardiovascular disease, type 2
iabetes mellitus (T2DM), cancer, gallstones, osteoarthri-
is, nonalcoholic fatty liver disease, sleep apnea, and
sthma (5,6). The direct cost of overweight and obesity in
he United States, expressed in 2002 dollars is estimated
t $92 billion (7).
Overweight and obese individuals also experience psy-

hosocial burdens as a consequence of excess fat mass.
ncreased stigmatization, being a target of discrimina-
ion, and scoring lower on health-related quality-of-life
urveys have been associated with overweight and obe-
ity (5,6,8). The multiple benefits of weight loss appear
bvious, yet the ability to lose and maintain lost weight
emains extremely difficult (9,10). It is essential that food
nd nutrition professionals guiding those seeking lasting
eight loss understand the physiological obstacles faced

n accomplishing this goal. New therapeutic pathways
ave been discovered offering hope to obese individuals

ghting to regain their health. One pathway recently
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dentified is the endocannabinoid system, stimulation of
hich is associated with fat mass deposition and disease
evelopment. Factors influencing disease promotion in
verweight and obese individuals, as well as current
reatment options, are briefly presented, followed by a
eview of the endocannabinoid system and results from
linical trials with a compound that blocks the endocan-
abinoid system.

XCESS FAT MASS AND DISEASE INITIATION
here is a strong association between fat mass and dis-
ase promotion. Fat cells, also known as adipocytes, se-
rete proteins, referred to as adipokines, which influence
ody weight regulation, vascular integrity, inflammation,
nd disease initiation (11,12). Leptin is secreted from fat
ells and crosses the blood-brain barrier to bind to its
eceptor in the hypothalamus. Depending on the amount
f leptin available, it will activate or deactivate signals
hat inhibit or increase food intake and regulate energy
xpenditure (11). Leptin is known to affect the gene ex-
ression and pathway of both appetite-suppressing and
ppetite-stimulating substances (13).
Other adipokines secreted from fat cells include tumor

ecrosis factor-�, interleukin-6, and plasminogen activa-
ion inhibitor-1, all of which promote a pro-inflammatory
nd prothrombotic state. Interleukin-6 levels have been
ound to be 10-fold higher in obese than lean individuals
14). It has been proposed that excess fat mass overstim-
lates the innate immune system, creating a state of
hronic, low-level inflammation, ultimately propagating
isease (15).

BESITY AND THE METABOLIC SYNDROME
isk for developing the metabolic syndrome is greater in
verweight and obese individuals, particularly those with
bdominal adiposity (16,17). The metabolic syndrome
onsists of a “constellation” of cardiometabolic risk factors
hat increases disease risk. The syndrome is character-
zed by increased serum levels of triglycerides and glu-
ose, reduced serum levels of high-density lipoprotein
HDL) cholesterol, increased blood pressure, and central
diposity (18,19). Development of the metabolic syn-
rome can lead to development of T2DM and cardiovas-
ular disease (19). Age-adjusted prevalence rate for the
etabolic syndrome in the United States adult popula-

ion is estimated at 27%, with the greatest rise noted in
omen (16).

REATING OBESITY
revention measures are of paramount importance in
alting the exponential rise in the prevalence of over-
eight and obesity; however, the need for effective treat-
ent options to manage obesity is an urgent matter.
besity treatment modalities include diet, exercise, phar-
acotherapy, and surgery (20,21). The National Heart,
ung, and Blood Institute of the National Institutes of
ealth recommends lifestyle modification targeted at de-

reasing calorie intake and increasing physical activity as
he first line of action in the treatment of overweight and
besity (20). If no substantial weight loss has occurred

fter 6 months of treatment, those with a BMI of �30 or a

24 May 2008 Volume 108 Number 5
BMI of �27 with the presence of comorbidities, may
equire the addition of pharmacology to their treatment
lan (20). Surgical intervention to treat severe obesity is
eserved for those with a BMI �40, or with a BMI �35
ith comorbid illness (20). The American Dietetic Asso-

iation endorses ongoing lifestyle management as an in-
egral component of obesity care. However, if optimal
ontrol cannot be reached with medical nutrition therapy
MNT) alone, and concurrent pharmacotherapy is re-
uired, the American Dietetic Association proposes a
eam approach, with active collaboration among food and
utrition professionals and other members of the health
are team (22).

EASONABLE GOAL SETTING
reduction of 5% to 10% of body weight will improve the

ipid profile, insulin sensitivity, and endothelial function,
s well as reduce thrombosis and inflammatory markers
20,23). Encouraging patients to lose a modest amount of
eight can be a challenge, as data collected during
eight-loss trials report that many dieters desire to lose
30% of their body weight (24-26). Results from the Di-

betes Prevention Program highlight the powerful effect a
mall reduction in body weight can have on derailing dis-
ase incidence. This trial had a mean follow-up of 2.8 years,
nd participants who lost an average of 5.9% of baseline
ody weight (5.6 kg) decreased their incidence of devel-
ping T2DM by 58%, compared to the control group (27).
Lifestyle modification has been effective in promoting

hort-term weight-loss success with many individuals
chieving a 9% to 10% reduction in body weight in the
rst 6 months of treatment (10). However, long-term
reatment success through lifestyle interventions is less
ncouraging, with weight regain a common occurrence
9,10). Researchers report that weight loss typically
eaks after 6 months of treatment; however, by the
-year mark, one third of lost weight is usually regained,
nd often all lost weight is regained within 5 years (9,10).
eight regain was noted as a common outcome in a

eview of several lifestyle modification weight-loss inter-
entions. In a meta-analysis, six randomized clinical tri-
ls treating overweight or obese adult study participants
ith either diet alone or with diet and exercise were

eviewed (28). Although diet combined with exercise re-
ulted in greater weight loss than diet alone (13 vs 9.9 kg;
�0.063), almost half of lost weight was regained after 1
ear in both groups (28).
Endogenous mechanisms can help to explain the great

ifficulty experienced in weight-loss maintenance. Body
eight regulation is controlled, in part, by multiple phys-

ological mechanisms, such as the endocannabinoid sys-
em, which act on overlapping separate pathways to ul-
imately defend body fat and impede weight-loss efforts
s a survival strategy (11). Furthermore, experts point to
plethora of obstacles in our “obesogenic” environment

hat create difficulty in maintaining lost weight (9). The
xpanding portion size of foods served, increased accessi-
ility to high-fat fast food, increased soda consumption,
nd fewer opportunities for daily calorie usage though
eisure time and nonleisure time physical activities are
ited as a few of the many culprits that lay in the path of
healthy lifestyle (9,29). The impact of the many physical

nd environmental obstacles present has prompted inter-
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st in more aggressive treatment options to aid those
truggling to achieve lasting weight loss (30,31).

URRENT PHARMACOLOGICAL TREATMENT OF OBESITY
harmacological treatment of obesity dates back to the
950s, when phentermine received US Food and Drug
dministration (FDA) approval for short-term manage-
ent of obesity (30). Phentermine remains available to-

ay (30). In 1997 and 1999, approval was received from
he FDA for sibutramine and orlistat, respectively, for
ong-term treatment of obesity (32). A review of mecha-
isms of action, side effects, and placebo-corrected
eight-loss outcomes for FDA-approved medications is
rovided in Table 1. Although these medications produce
onsiderably more weight loss than placebo, total weight
oss has been only modest.

Combining both behavioral guidance and weight-loss
edication may hold the promise of additive or synergis-

ic results. Wadden and colleagues (33) studied 224 men
nd women and reported substantial improvement in
eight-loss success in the group of dieters who received

ntensive behavioral therapy along with sibutramine, in
omparison with those who received drug treatment
lone (�12.1 and �5.0 kg, respectively; P�0.001). These
ata underscore the benefit of increased weight loss when
reatment modalities are combined. In addition, continu-
tion of MNT along with medication will certainly benefit
reatment outcomes, and may reduce or eliminate the
eed for use of multiple weight-loss medications (22).
A handful of FDA-approved medications, such as topi-

amate, zonisamide, bupropion, and metformin, intended
or treatment of illnesses other than obesity, have also
een found to reduce body weight (30,31), but FDA ap-
roval for obesity treatment has not been sought. Limited
fficacy and the potential for detrimental side effects of
rug treatments have led some experts to describe the
istory of pharmacologic treatment of obesity as, “ . . . less
roductive than expected” (30,32,34). Researchers con-
inue to search for improved treatment options. Research
evelopments during the past decade have improved our
nderstanding of endogenous pathways that influence
ody-weight regulation, and have led to the investigation
f several new targets to modulate appetite and energy
etabolism (35).

NDOCANNABINOID SYSTEM
ne new pathway of interest is the endocannabinoid

ystem. The endocannabinoid system consists of canna-
inoid receptors, their endogenous ligands (endocannabi-
oids), and the enzymes for endocannabinoid biosynthe-
is and degradation (36). Interest in the endocannabinoid
ystem began with the observation that marijuana use
ltered sensory perception creating elation, euphoria,
nd hunger. More than 40 years ago, Gaoni and Mechou-
am purified the psychoactive compound in hemp (�9-
etrahydrocannabinol), creating a foundation for substan-
ive research on the endocannabinoid system (37).
annabinoid receptor sites, along with endogenous li-
ands, function as a signaling network with multiple
entral and peripheral actions that regulate a wide spec-

rum of vital physiological functions, including appetite c
nd metabolism (36,38). Weight gain, particularly ab-
ominal fat mass gain, along with the consumption of a
igh-fat, high-calorie diet are postulated to overstimulate
he endocannabinoid system, initiating dysregulation,
ontributing to the “pathophysiology” of body-weight reg-
lation (36,38-41). A review of the effect of the endocan-
abinoid system on organs targeting body weight and
ardiometabolic risk factors is provided in the Figure.

annabinoid Receptors: CB1 and CB2

igh-affinity cannabinoid-binding sites were discovered
n rodent brain cells (42), and two cannabinoid receptors
ere subsequently cloned in humans. Cannabinoid recep-

or-1 (CB1), which primarily modulates food intake and
nergy expenditure, was cloned in 1991 (43). Cannabi-
oid receptor-2 (CB2), which appears to influence im-
une function, was cloned in 1993 (44). Cannabinoid

eceptors-1 are located throughout the central nervous
ystem, as well as in various peripheral tissues, such as
dipocytes, hepatocytes, skeletal muscles, endothelial
ells, and the gastrointestinal tract. Cannabinoid recep-
ors-2 are found in the spleen, thymus, and tonsils, and
re not believed to be involved in regulation of food intake
nd energy homeostasis (38).

ndogenous Cannabinoid Ligands
he search for compounds that couple to cannabinoid
eceptors led to the discovery of N-arachidonoyl-ethanol-
mine (AEA or anandamide) (45), and 2-arachidonoyl-
lycerol (2-AG) (46), endogenous cannabinoid ligands
38), which are potent mediators of energy homeostasis
41). They primarily activate CB1 and/or CB2 receptors
38,47,48). Engeli and colleagues (41) measured circulat-
ng levels of endogenous endocannabinoids in 20 lean and
0 obese postmenopausal women to investigate the asso-
iation between fat mass and endocannabinoid levels.
evels of AEA and 2-AG were 35% and 52% higher,
espectively, in obese vs lean subjects. In addition, a
trong negative correlation was found between expres-
ion of fatty acid amide hydrolase, the enzyme that de-
rades AEA, and circulating endocannabinoid levels.
his suggests that obese individuals may have higher
irculating endocannabinoids because of reduced degra-
ation enzymes available (41). External factors have also
een implicated in increasing serum endocannabinoid
evels. The amount of n-6 polyunsaturated fatty acids in
he diet may directly influence endocannabinoid levels by
ncreasing availability of phospholipid precursors (49).
onversely, n-3 polyunsaturated fatty acids are believed

o suppress endogenous ligand production, thus poten-
ially reducing endocannabinoid system stimulation
50,51).

NDOCANNABINOID SIGNALING SYSTEM AND
EIGHT REGULATION
esearch on animal models revealed a strong association
etween the endocannabinoid system and body weight
egulation (52). Exogenous administration of 2-AG di-
ectly into the nucleus accumbens of rats caused an acute
ncrease in food consumption (53). Alternately, CB re-
1
eptor antagonists decreased food intake and body weight

May 2008 ● Journal of the AMERICAN DIETETIC ASSOCIATION 825



Table 1. Action, side effects, and weight-loss outcomes of FDAa-approved obesity medications and rimonabant (30-32,62-65,67)

Compound
FDA-approval (yes/no),
year of approval Organ target Mechanism of action Usual dosage

Placebo-corrected weight
loss (kg) (95% CIb) Side effects

Phentermine Yes, 1959 CNSc Sympathomimetic amine 15-30 mg daily �3.6d (�6.0 to �0.6) Palpitations, tachycardia,
elevated blood
pressure,
gastrointestinal effects

Sibutramine Yes, 1997 CNS Combined norepinephrine
and serotonin reuptake
inhibitor

10 or 15 mg
once daily

�4.45d (�5.29 to �3.62) Increased blood
pressure, increased
pulse, dry mouth,
insomnia, constipation

Orlistat Yes, 1999 Gut Gastric and pancreatic
lipase inhibitor

120 mg three
times daily

�2.75d (�3.3 to �2.20) Diarrhea, flatulence,
bloating

Rimonabant No CNS/peripheral
organs

Cannabinoid-1 receptor
antagonist

20 mg once daily �4.6d (�4.3 to 5.0) Depression, anxiety,
dizziness, nausea

Rimonabant in Obesity trial
North Americae �4.7 (�4.1 to �5.4)
Europee — �4.8 (�3.9 to �5.7)
Lipide �5.4 (�4.6 to �6.3)
Diabetese �3.9 (�3.2 to �4.6)

aFDA�US Food and Drug Administration.
bCI�confidence interval.
cCNS�central nervous system.
dResults from pooled data.
eData based on intention-to-treat analysis (last observation carried forward).
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54). Researchers found that even while taking in the
ame number of calories, mice without CB1 receptors
ere resistant to diet-induced obesity when compared to
ice with intact receptors (55), suggesting a metabolic as
ell as appetite effect associated with the endocannabi-
oid system. Administration of a CB1 receptor blocker
rimonabant) in genetically obese and leptin-deficient
ice protected the rodents from developing characteristic
yperphagia and weight gain (56).
The communication between the satiety-stimulating

ormone leptin, the hunger-inducing peptide ghrelin, and
ndocannabinoid production illuminates the power of the
ndocannabinoid system on appetite. Leptin has been
ound to suppress production of endocannabinoids in the
ypothalamus. Genetically obese mice with defects in the

eptin-signaling pathway exhibit elevated levels of both
EA and 2-AG in the hypothalamus (57). Conversely, ghre-

in appears to upregulate hypothalamic endocannabinoid
evels. Blockade of CB1 receptors with rimonabant was
ound to strongly reduce the appetite-stimulating action
f ghrelin when injected into the hypothalamus of mice
49). In addition, endocannabinoids and CB1 receptors
re found in the neurons of the gastrointestinal mesen-
ery and the mucosa of the fundus and appear to influ-
nce gastric emptying, gastric motility, and release of
hrelin into the circulation (58). Hence, leptin downregu-
ates endocannabinoid levels, whereas ghrelin upregu-
ates production (59).

Cannabinoid receptor-1 antagonists may influence
eight by increasing energy expenditure. Obese rats

reated with rimonabant reduced their body weight by
0% after 4 days of reduced food intake, and continued to
ose weight throughout the 2-week treatment period,
ven when food intake became comparable with that of
ean rats. Researchers measured oxygen consumption
n genetically obese mice treated with a CB1 antagonist
rimonabant). They found that a 7-day treatment with

Adipose Tissue Liver

Periphera

Central Ne
Nucleus Accumbens
Increase motivation to 
eat

Decrease adiponectin
Lipogenesis

Increase free fatty aci
synthesis
Increase triglyceride r
Hepatic lipid accumul

igure. Response to stimulation of the endocannabinoid system (36,4
vailable online at www.adajournal.org as part of a PowerPoint presen
CB1 receptor antagonist caused a 37% increase in f
asal oxygen consumption, thus supporting the theory
hat the endocannabinoid system influences energy ex-
enditure (60).

ndocannabinoid Signaling System and Lipid and
lucose Regulation

growing body of evidence suggests that the endocan-
abinoid system is involved in the physiological regula-
ion of glucose and lipid metabolism in peripheral tissues
38). For example, in animals, the intake of a high-fat diet
ctivates the hepatic endocannabinoid system, which
eads to increased lipogenesis and the subsequent devel-
pment of hepatic steatosis (fatty liver) (61). Thus, block-
ng the endocannabinoid system to reduce cardiometa-
olic risk proved appealing. The many favorable results
rom animal trials led researchers to develop a CB1 re-
eptor antagonist to treat obesity in humans.

uman Trials with CB1 Receptor Antagonist Rimonabant
esults from human clinical trials investigating the
afety and efficacy of a selective CB1 antagonist (rimon-
bant), in the treatment of obesity report favorable out-
ome measurements (62-65). The Rimonabant in Obesity
rials, which constitute four separate trials, collected
ata from �6,600 participants. The Rimonabant in Obe-
ity trials were conduced using a randomized, double-
lind, placebo-controlled study design in multiple sites
hroughout North America, South America, and Europe.

Rimonabant in Obesity North America and Europe tri-
ls included adult men and women with a BMI �30 or a
MI of �27 with obesity-induced disease (62,63). The
imonabant in Obesity Lipids trial enrolled drug naïve,
yperlipidemic overweight and obese men and women
64). The Rimonabant in Obesity Diabetes trial included
verweight and obese men and women on monotherapy
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articipants in the Rimonabant in Obesity trials was 45
o 56 years, mean weight range was 93 to 105 kg, and
ean BMI was 34 to 38 (66). Study participants were

andomized into placebo, 5 mg rimonabant, or 20 mg
imonabant treatment groups and were followed for 1
ear. The Rimonabant in Obesity North America study
aptured data for 2 years. During the second year of the
rial, subjects in the placebo group continued to receive
lacebo, and the treatment group was re-randomized to
eceive either the same dose of rimonabant as year 1, or
o receive placebo (62). In the four Rimonabant in Obesity
rials, all study participants were guided individually by
ealth care professionals to follow a 600-calorie deficit
iet, and on ways to increase daily physical activity (62-65).
At the 1-year mark, statistically significant reductions

n weight in the 20 mg rimonabant groups were reported
n the Rimonabant in Obesity North America, Europe,
ipids, and Diabetes trials (�6.3, �6.6, �6.9, and �5.3
g, respectively), compared to the placebo groups (�1.6,
1.8, �1.5 and �1.4 kg, respectively) (62-65). In a recent
ochrane review, pooled weight loss results with rimon-
bant treatment from the Rimonabant in Obesity trials
ere reported as slightly greater than the pooled weight

oss results from trials with sibutramine, and greater
han the weight loss results observed with orlistat (67). A
eview of placebo-corrected weight-loss outcome mea-
urements from the Rimonabant in Obesity trials is re-
orted in Table 1.
Statistically significant reductions in waist circumfer-

nce were reported in the 20 mg rimonabant groups in
he Rimonabant in Obesity North America, Europe, Lip-
ds, and Diabetes trials (�6.1, �6.5, �7.1 and �5.2 cm,
espectively) vs placebo-treated groups (�2.5, �2.4, �2.4
nd �1.9 cm, respectively) (62-65). Other significant, fa-
orable outcome measures in the 20 mg rimonabant
roup vs the placebo-treated group include decreased se-
um triglycerides and fasting glucose, increased levels of
erum HDL cholesterol, and decreased insulin resistance,
easured by homeostatic model assessment. In addition,

here were statistically significant reductions in the num-
er of study participants meeting the National Choles-
erol Education Program Adult Treatment Panel III cri-
eria for diagnosis of the metabolic syndrome at the
ermination of the study in all four Rimonabant in Obe-
ity trials (62-65).
Reductions in total cholesterol and low-density lipopro-

ein-cholesterol were not detected in the participants of
he Rimonabant in Obesity trials. However, the Rimon-
bant in Obesity Lipid trial reported that measurements
f atherogenic, smaller, dense, low-density lipoprotein-
holesterol fractions were substantially reduced in the
0-mg rimonabant group (�1.5%) vs the placebo-treated
roup (�3.2%) (64). In addition, the Rimonabant in Obe-
ity Lipid trial collected data on changes in adiponectin
nd C-reactive protein levels. Higher adiponectin levels
re associated with improved insulin sensitivity, vascular
ntegrity, and resistance to inflammation (68,69). Con-
ersely, elevated C-reactive protein, an inflammatory bio-
arker, is associated with increased cardiovascular risk

70). Treatment with 20-mg rimonabant resulted in sub-
tantially reduced serum levels of C-reactive protein and
ubstantially elevated levels of adiponectin, in compari-

on with placebo-treated groups (64). p

28 May 2008 Volume 108 Number 5
Glycemic control was measured in the Rimonabant in
besity Diabetes Trial, and twice as many participants

eceiving 20 mg rimonabant (43%) achieved the target
ndpoint of glycosylated hemoglobin A1c �6.5% com-
ared with placebo (21%) (65). More than 50% of the
mprovement in glycosylated hemoglobin A1c levels re-
orted were independent of the weight loss achieved (65).
At the end of the 2-year mark in Rimonabant in Obesity
orth America, subjects who were randomized from 20
g rimonabant to placebo experienced weight regain,
hereas those who remained on the drug maintained

heir favorable outcome. Researchers concluded that 20
g per day of rimonabant plus lifestyle changes for 2

ears promoted sustained reductions in weight, waist
ircumference, and favorable changes in cardiometabolic
isk factors, including reductions in serum triglycerides
nd fasting glucose, and an increase in serum HDL cho-
esterol levels (62).

At the 1-year mark, substantial improvements in food-
ehavior parameters, assessed by a visual analog scale,
ere found in participants in the 20 mg rimonabant
roup vs the placebo-treated group. Participants in the 20
g rimonabant group reported lower appetite (P�0.0001),

ncreased ease in following the diet (P�0.0001), less de-
ire for high-fat foods (P�0.0003), and less desire for
weets (P�0.04), when compared with the placebo-
reated group (65).

A higher incidence of adverse events was reported in
he 20-mg rimonabant group as compared to those in the
lacebo or 5-mg rimonabant group. Dizziness, headache,
nxiety, depressed mood, and nausea were the most com-
on side effects reported as reasons for study discontin-

ation in the 20-mg rimonabant group (62-65). A review
f adverse events reported in the Rimonabant in Obesity
rials is presented in Table 2. Rimonabant is currently
vailable in 42 countries; however, it is not available in
he United States (71).

The emergence of psychiatric conditions with the use of
cannabinoid receptor antagonist is biologically plausi-

le, therefore, reports of psychiatric adverse events in the
imonabant in Obesity trials have been documented and
re being evaluated. Pooled data from the four Rimon-
bant in Obesity trials reveal that 26% of participants in
he 20-mg rimonabant group reported psychiatric symp-
oms (depressive events, anxiety, psychomotor agitation,
r sleep disorder) vs 14% in the placebo group. Symptoms
f depression were reported in 9% of participants in the
0-mg rimonabant group, vs 5% of participants in the
lacebo group (depressed mood, depression, depressive
ymptoms, or major depression) (72). Depressive episodes
ere most often mild or moderate in severity with recov-

ry after discontinuation of drug, or corrective treatment
73). Rimonabant was approved in Europe in 2006 and
he European Medicines Agency recommended contrain-
icating use of rimonabant in patients with ongoing
ajor depression, or in those being treated with antide-

ressants because of risk of exacerbation of existing con-
itions. The agency also recommended discontinuation of
imonabant if depression develops (74).
Participants of the Rimonabant in Obesity trials were

redominately white females. Therefore, study results
annot be generalized to minority populations, and this

resents as a study limitation. The high attrition rate,
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pproximately 50% reported in the Rimonabant in Obe-
ity trials, is another limitation that may influence out-
ome measurement reporting. High attrition rates have
een documented as a common problem in weight-loss
edication trials (75). In addition, questions regarding

uration of treatment with rimonabant beyond the 2-year
oint, as well as long-term side effects, remain unan-
wered. To address these questions several studies are
urrently underway, continuing the investigation of
reatment with rimonabant on abdominal adiposity, lipid
rofile measures, diabetes outcome, and cardiovascular
isease risk factors (76). The Comprehensive Rimonabant
valuation Study of Cardiovascular Endpoints and Out-

omes trial is currently investigating the effect of rimon-
bant on myocardial infarction, stroke, and cardiovascu-
ar death in 17,000 obese study participants spanning 4
o 5 years (76,77). There is still much to learn about the
ndocannabinoid system; however, what has been uncov-
red during the past decade suggests that this pathway
ay lead to a new treatment option for obese individuals.

ONCLUSIONS AND PRACTICAL APPLICATION
esearch data collected during the past decade has

Table 2. Adverse events reported in the Rimonabant in Obesity tria

R

North America Euro

Adverse events
Placebo
(n�498)

20 mg
Rimonabant
(n�1,042)

Placebo
(n�305)

2
R
(

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
Nasopharyngitis 14 17 15.7 1
Upper respiratory

infection 15.2 18.5 7.5
Influenza 7.7 8.8 10.5
Gastroenteritis 4.8 5.7 7.9
Vomiting — — — —
Bronchitis 5.1 4.3 5.2
Nausea 5.8 11.2 4.3 1
Diarrhea 5.1 5.3 3.0
Depressed mood 3.1 5.2 — —
Dizziness 4.0 5.6 4.9
Arthralgia 8.2 8.8 6.9
Sinusitis 11.7 8.7 5.6
Insomnia 4.4 5.8 — —
Anxiety 2.1 6.1 — —
Headache 10.2 7.8 13.4
Back pain 6.1 5.9 8.5
Fatigue 3.6 5.2 5.6
Hypoglycemia — — — —
Serious adverse

event 3.5 4.5 7.5
Adverse events that

led to study
discontinuation 7.2 12.8 9.2 1

aData from references 62-65.
reatly improved our understanding of the development i
f obesity and cardiometabolic risk factors. However, re-
ent obesity prevalence rates confirm that our improved
nowledge has not resulted in a reduction in incidence
ates (4). Achieving a body weight loss of 5% to 10% has
een shown to improve health and decrease disease inci-
ence. However, we are reminded by data collected dur-
ng weight-loss trials that many obese individuals desire
o lose much greater amounts of weight. Data also sup-
orts that MNT is the hallmark of effective, long-term
eight-loss success. Food and nutrition professionals

ounseling overweight and obese patients are in a unique
osition to educate patients on the many physical benefits
f modest weight loss, as well as the endogenous factors
hat oppose loss of large amounts of body weight. To
ubstantially reduce disease risk, maintenance of lost
eight is essential and, therefore, continuation of MNT is

f paramount importance.
The American Dietetic Association, in a position paper

n weight management, proposes that to improve health
equires a “lifelong commitment” to a healthful lifestyle
78). The need to manage obesity as a chronic illness is
pparent, and patients need to learn that there is no
uick fix to maintaining a healthy weight. Lifestyle mod-

5% in any group)a

abant in Obesity Trials

Lipids Diabetes

abant
9)

Placebo
(n�342)

20 mg
Rimonabant
(n�347)

Placebo
(n�348)

20 mg
Rimonabant
(n�339)

™™™™™™ % ™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
21.6 19.4 21 12

9.9 8.7 9.0 7.0
5.3 9.5 — —
6.4 6.6 — —

— — 2.0 6.0
— — — —
3.2 12.7 6.0 12.0
4.1 7.2 7.0 7.0

— — — —
6.7 10.4 5.0 9.0
9.6 5.5 8.0 9.0

— — — —
2.6 6.4 — —
3.8 8.7 3.0 5.0

15.8 15.3 9.0 8.0
10.2 7.2 7.0 7.0
— — 4.0 5.0
— — 2.0 5.0

2.3 4.0 4.0 8.0

7.0 15.0 5.0 15.0
ls (�

imon

pe

0 mg
imon

n�59

™™™™
5.5

5.5
9.0
8.5

5.7
2.9
7.2

8.7
7.8
4.3

9.8
9.2
4.2

8.7

4.5
fication techniques that are realistic and sustainable

May 2008 ● Journal of the AMERICAN DIETETIC ASSOCIATION 829



s
t

H
p
e
a
c
s
s

t
o
l
t
a
d
f
g
o
e
d
a
w
t
i
c
h

T
H
a

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

8

hould be instituted in a team-approach setting to facili-
ate the best possible outcomes.

Pharmacological obesity treatment options are limited.
owever, several pathways have recently emerged as
otential targets to modify endogenous appetite and en-
rgy mechanisms. The endocannabinoid system presents
s an intriguing target to modulate obesity, as well as
ardiometabolic health. Research efforts continue with
everal large-scale trials investigating the efficacy and
afety of rimonabant currently underway (77).
Food and nutrition professionals play a pivotal role in

ackling the difficult mission of preventing and treating
besity. To work in concert with physicians, combining
ifestyle modifications along with medication use requires
hat food and nutrition professionals remain current with
dvances in pharmacology for obesity treatment (79). Un-
erstanding the physiological mechanisms that defend
at mass will help practitioners educate and effectively
uide obese patients toward an improved understanding
f obesity, and a realistic treatment plan. In addition,
ducating the public about the physiological factors un-
erlying fat mass deposition will help to oppose the neg-
tive biases aimed at obese individuals. Staying current
ith obesity treatment options, and participating as a

eam member along with physicians, will aid those work-
ng with this population in dispensing the best quality of
are, ultimately leading to the best hope for improved
ealth outcomes for obese patients.

he authors wish to thank Judith Townsend, PA, and
eather Bainbridge, RD, for their help in editing this
rticle.
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