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The prevalence of obesity in the developed world is increasing.

Approximately 23% of adult Canadians (5.5 million people) are

obese. Obesity is associated with an increased risk of developing sev-

eral comorbid diseases, ranging from cardiovascular diseases to

cholelithiasis and nonalcoholic fatty liver disease. The etiology of

obesity is multifactorial, involving a complex interaction among

genetics, hormones and the environment. The available evidence

and recommendations for nonpharmacological management of obe-

sity, including dietary therapy, physical activity and behavioural

therapy, in addition to pharmacotherapy are discussed. A brief dis-

cussion on endoscopic and surgical procedures is undertaken.

Several antiobesity treatment options are available and may be indi-

cated in appropriate situations. Selecting obesity therapy may be

guided by body mass index measurements, comorbid illnesses and

patient preference.
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Obésité : Pathogenèse et stratégies de prise en
charge

La prévalence de l’obésité dans le monde industrialisé est en hausse.

Environ 23 % des Canadiens adultes (5,5 millions de personnes) souffrent

d’obésité. L’obésité est associée à un risque accru à l’égard de plusieurs

comorbidités, qui vont des maladies cardiovasculaires à la cholélithiase,

en passant par la maladie du foie gras non alcoolique. L’étiologie de

l’obésité est plurifactorielle et met en cause une interaction complexe

entre la génétique, les hormones et l’environnement. Le présent article se

propose de faire le point sur les preuves accumulées et sur les recomman-

dations en ce qui a trait à la prise en charge non pharmacologique de

l’obésité, y compris par la diétothérapie, l’activité physique et la thérapie

comportementale, en plus de la pharmacothérapie, On abordera briève-

ment les interventions endoscopiques et chirurgicales également.

Plusieurs options thérapeutiques anti-obésité sont offertes et peuvent être

indiquées selon le cas. Le choix du traitement anti-obésité repose sur

l’indice de masse corporelle, la présence de comorbidités et la préférence

des patients.

The prevalence of obesity in the developed world is increas-
ing. Approximately 23% of adult Canadians (5.5 million

people) are obese (defined as a body mass index [BMI] greater
than 30 kg/m2) and an additional 36% are overweight (BMI of
25 kg/m2 or more) (1), compared with obesity rates of only
14% in the late 1970s. 

The rise in obesity is likely multifactorial. Although there
is certainly a genetic predisposition to obesity (discussed
below), several environmental factors are also implicated (2),
including excess portion size, dietary macronutrient composi-
tion and sedentary lifestyle in the setting of modern-day con-
veniences.

Obesity-related comorbidities incur major health care costs,
with an estimated direct annual cost of $1,800,000,000, which
is approximately 2.4% of the total health care expenditure (3).
It is associated with an increased risk of several diseases: coro-
nary artery disease, cerebrovascular disease, hypertension,
hyperlipidemia, type II diabetes, cholelithiasis, pulmonary
embolism, sleep apnea, gynecological abnormalities,
osteoarthritis, psychiatric illness and malignancy (breast,
endometrial, prostate and colon). Furthermore, it is an inde-
pendent risk factor for increased mortality (3).

Obesity has major health implications in gastroenterology
because it plays a major role in the pathogenesis of nonalco-
holic fatty liver disease (NAFLD). NAFLD is the most com-
mon cause of abnormal liver tests in North America, with a
prevalence of 32% in obese males and 42% in obese

females (4). Disease pathogenesis is related to insulin resist-
ance and oxidative stress. NAFLD is no longer thought of as
a benign condition; it has the potential to manifest as steato-
sis, steatohepatitis or fibrosis and then progress to cirrhosis
over seven years in 5% of patients (5,6). The natural history
of NAFLD indicates that the presence of fat in liver biopsies
is associated with a reduced life expectancy (6). Risk factors
for NAFLD include obesity (67% to 71% of patients), glu-
cose intolerance (12% to 37% of patients), dyslipidemia
(57% to 68% of patients) and hypertension (36% to 70% of
patients) (7). A modest weight loss (5% to 10%) in this pop-
ulation can significantly reduce obesity-related disorders and
complications (8).

Patients with a BMI of 25 kg/m2 or greater are classified as
being overweight. Preobesity and obesity class I, II and III
(extreme obesity) are defined as a BMI of 25 kg/m2 to
29 kg/m2, 30 kg/m2 to 34 kg/m2, 35 kg/m2 to 39 kg/m2, and
40 kg/m2 or greater, respectively. However, obesity-related dis-
ease risk is also increased in individuals with normal weight
and BMI who have an increased waist circumference: a waist
circumference of more than 102 cm (40 inches) in men and
more than 88 cm (35 inches) in women, poses a significant risk
(9). Waist circumference is an indirect measurement of vis-
ceral adiposity, which is metabolically active and responsible
for the secretion of pro-inflammatory cytokines that are, in
part, responsible for the pathogenesis of insulin resistance and
the metabolic syndrome.
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Most adults in the United States attempt to lose weight at
some point in time (10). Despite these high rates, long-term
weight loss maintenance is poor, with 50% of weight being
regained within one year (11). Medically significant benefits
can be seen even with small, sustained weight loss (12),
emphasizing the need to understand the pathogenesis of obe-
sity, allowing for the development of appropriate therapeutic
options.

PATHOGENESIS AND ETIOLOGY
The etiology of obesity is multifactorial, involving a complex
interaction among genetics, hormones and the environment.
Though multiple candidate genes have been implicated in the
pathogenesis of obesity, these findings are inconsistent (13,14).
These genes include the beta-3-adrenergic receptor gene (13),
peroxisome-proliferator-activated receptor gamma 2 gene, chro-
mosome 10p, melanocortin-4 receptor gene and other genetic
polymorphisms.

Multiple hormones are involved in the regulation and
pathophysiology of obesity, including gut-related hormones,
adipokines and others. Ghrelin is a circulating peptide hor-
mone derived from the stomach. It is the only known periph-
erally acting orexigenic hormone and is responsible for
stimulating appetite (15). In a double-blind cross-over study,
intravenous ghrelin infusion into healthy volunteers led to a
30% increase in food intake at a buffet, with no change in gas-
tric emptying (16). All other gut-derived hormones serve as
anorectic agents that are responsible for limiting food intake to
achieve optimal digestion and absorption while avoiding the
consequences of overfeeding, such as hyperinsulinemia and
insulin resistance. These anorectic gut hormones are discussed
below.

Peptide YY (PYY) is found throughout the intestine at pro-
gressively higher levels distally, with the highest levels in the
colon and rectum. It is secreted by the L cells of the distal small
bowel and colon. PYY is released postprandially, and signals to
the hypothalamus, resulting in delayed gastric emptying, thus
reducing gastric secretion. Administration of PYY before meals
results in decreased food consumption (17).

Cholecystokinin (CCK), produced in the gallbladder, pan-
creas and stomach, and concentrated in the small intestine, is
released in response to dietary fat. It regulates gallbladder con-
traction, pancreatic exocrine secretion, gastric emptying and
gut motility. CCK also acts centrally by increasing satiety and
decreasing appetite and acts on the satiety signal via subtype
CCK-A receptors on the afferent vagal fibres to the brain,
causing termination of appetite. 

Meal termination is also regulated by postprandial release of
oxyntomodulin. This peptide is secreted from the intestinal
cells that also secrete PYY. A single infusion of oxyntomodulin
suppresses appetite and reduces food intake over a 12 h period.
It is associated with a reduction in fasting ghrelin levels (18). 

Glucagon-like peptide-1, which is the 6 to 29 amino acid
segment of glucagon, enhances satiety and reduces food intake
when administered intravenously to humans (19).

Several hormones, collectively referred to as adipokines, are
produced by the adipocytes. The key secretory products are
tumour necrosis factor-alpha (TNF-α), interleukin-6 (IL-6),
leptin and adiponectin. The role of TNF-α in obesity has
been linked to insulin resistance through the liberation of
free fatty acids, reduction in adiponectin synthesis and
impairment of insulin signalling. TNF-α also activates

nuclear factor-kappa B, leading to a series of inflammatory
changes in vascular tissue. 

IL-6 is a pleiotropic circulating cytokine resulting in
inflammation, impairment of host defenses and tissue injury. It
is secreted by many cell types, including immune and endothe-
lial cells, fibroblasts and adipocytes. It acts by inhibiting
insulin receptor signal transduction in hepatocytes, increasing
circulating free fatty acids from adipose tissue and reducing
adiponectin secretion. 

Leptin acts as a dominant long-term signal responsible for
informing the brain of adipose energy reserves. Leptin is trans-
ported across the blood-brain barrier and binds to specific
receptors on appetite-modulating neurons and the arcuate
nucleus in the hypothalamus, inhibiting appetite. Leptin-
deficient mice that lack leptin receptors have been shown to
be hyperphagic and obese. Furthermore, leptin deficiency
reduces energy expenditure (20). True leptin deficiency in
humans is rare; however, obese humans are, in part, leptin-
resistant. 

Adiponectin is an adipokine derived from plasma protein.
It is insulin sensitizing, anti-inflammatory and antiathero-
genic. In contrast to other adipokines, adiponectin messenger
RNA (mRNA) levels are reduced in adipose tissue in obese
and diabetic individuals (21), and adiponectin levels are
restored to normal levels after weight loss (22).

Increased visceral fat results in increased levels of IL-6,
TNF-α and C-reactive protein, and reduced levels of
adiponectin and interleukin-10, resulting in a proinflammatory
milieu that leads to both insulin resistance and endothelial dys-
function, and culminating in the metabolic syndrome, diabetes
and atherosclerosis. Visceral adiposity modulates these key reg-
ulators of inflammation, and has a proinflammatory potential
equivalent to or greater than that of macrophages.

Secondary causes of obesity include drugs, and neuroen-
docrine diseases (hypothalamic, pituitary, thyroid and adrenal).

TREATMENT
Weight loss occurs by generating a negative energy balance,
which is achieved by consuming fewer calories than energy
expended. The evidence and recommendations for nonphar-
macological management of obesity, including diet therapy,
physical activity and behavioural therapy, as well as pharma-
cotherapy, and endoscopic and bariatric surgery are discussed
in the present review.

Diet therapy
Although many different types of weight loss diets exist, they
all share the same goal of reducing total energy intake.
Unfortunately, despite the presence of numerous dietary pro-
grams, few have been studied in a systematic manner. The
most popular include low calorie (eg, Weight Watchers
International, Inc); very low calorie; high protein and low
carbohydrate (eg, Atkins Nutritionals, Inc); and low fat diets.
Low calorie diet (LCD): In general, LCDs provide a deficit
of 500 calories per day. The most rigorously studied and rec-
ognized commercial weight loss program in this category is
the Weight Watchers program. There are two different diet
programs offered by Weight Watchers, the first being the
‘Flex Program’, in which members keep a total daily tally of
‘points’ based on the number of calories consumed. Their
goal is to maintain a total number of ‘points’ within a range
determined by their current weight and weight loss goal.
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Weight Watchers also offers a ‘Core Plan’, in which partici-
pants are provided with recommended servings from each of the
food groups and allowed to choose from a list of nutritious food.
The program is a hypocaloric, balanced deficit diet in which
clients prepare their own meals. The program also includes an
activity plan, a cognitive/behavioural support plan, group ses-
sions and weekly meetings. The hallmark of the program is that
the group support is facilitated by an individual who has lost
weight and maintained their weight loss using the Weight
Watchers program.

Four randomized, controlled trials have been sponsored by
Weight Watchers to evaluate the weight loss efficacy of the
program (23-26). In the largest, a multicentre trial, 423 partic-
ipants were randomly assigned to attend Weight Watchers
meetings or to participate in a self-help intervention, includ-
ing two visits with a dietician. The dropout rate of 27% was
similar in both groups. The Weight Watchers group lost 5.3%
(4.3 kg) of their initial weight after one year and maintained a
weight loss of 3.2% (2.9 kg) after two years, versus 1.5%
(1.3 kg) and 0% (0.2 kg), respectively among those in the self-
help group (P<0.001). Interestingly, participants in the Weight
Watchers group who achieved the greatest weight loss were
those who attended the most group sessions (26).

In a single-centre study, 48 obese breast cancer survivors
were randomly assigned to one of four groups: standard care;
weekly Weight Watchers meetings; individual counselling
with a dietician; or weekly Weight Watchers meetings plus
individualized dietary counselling. The dropout rate for all
four groups was 19% after one year. The individuals in the
standard care group gained 0.9 kg, those in the Weight
Watchers group lost 2.6 kg, those who received individual
counselling lost 8.0 kg (P<0.05 versus standard care) and those
attending both Weight Watchers and individual care lost
9.4 kg (P<0.05 versus standard care) (24). Interestingly,
Weight Watchers was not noted to be superior to individual
care, thus emphasizing the importance of a supportive program
that incorporates behavioural modification, rather than diet
type alone.

Weight loss maintenance in overweight individuals was
evaluated one to five years after their completion of the
Weight Watchers program (27). Participants who had success-
fully completed the Weight Watchers program were contacted
via a phone survey. Two hundred fifty-eight people were
recruited and weighed. The percentage of weight loss regained
at one to five years ranged between 30% and 80%. At
five years, 20% of individuals remained within five pounds of
their goal weight, 40% maintained a weight loss of at least 5%,
and 20% maintained a weight loss of 10% or more. The per-
centage of participants who were still below their initial weight
was 70%. As such, the participants were successful in main-
taining a weight loss that is thought to be sufficient to reduce
obesity-related complications and morbidity (8), proving that
the Weight Watchers program is an effective weight loss and
maintenance program. Its success can likely be attributed to
the supportive and individualized environment with like-
minded individuals.
Very low calorie diet (VLCD): A VLCD is defined as a total
daily calorie intake of less than or equal to 800 kcal/day. The
weight loss mechanism is secondary to severe calorie restric-
tion. VLCDs are usually implemented by replacing a patient’s
regular food choices with specific foods or liquid diets. In
one review, weight loss with VLCDs averaged 1.5 kg to 2.5 kg

per week and a total loss of 20 kg after 12 to 16 weeks, com-
pared with LCDs, which led to a weight loss of 0.4 kg to 0.5 kg
per week and a total average weight loss of 6 kg to 8 kg (28).

Studies comparing short-term (four to six weeks) weight
loss with VLCDs (energy restriction varied from 240 kcal to
880 kcal) and LCDs (800 kcal/day to 1200 kcal/day) show
there was a trend toward greater weight loss in the VLCD
groups than in the LCD groups, although this was not statisti-
cally significant (29).

Two randomized, controlled trials evaluated intermediate
weight loss results after 24 to 26 weeks on a VLCD or LCD.
Weight loss was similar between the two groups and no ten-
dency to greater weight reduction with VLCDs was identified
(29,30).

There are several randomized, controlled trials in which
long-term weight loss maintenance of VLCDs was calculated
using the amount of weight regained as the percentage of ini-
tial weight loss (from one to five years) (31-33). The two five-
year follow-up studies revealed variable per cent weight regain,
ranging between 121% and 45% (31,32). Although less weight
regain was noted in patients who exercised and received
behavioural therapy, this was not reproduced by all studies
(31).

Overall, the role of VLCDs in weight loss maintenance is
inconsistent (9,34). VLCDs are not recommended beyond
16 weeks, after which point a LCD should be initiated.
Although they are effective at achieving substantial initial
weight loss, maintenance of weight loss over the long term is
not satisfactory and weight regain when the diet is stopped is
often rapid, indicating that a more sustainable approach rather
than such extreme calorie restriction may afford better long-
term success (28). Due to VLCDs resulting in rapid weight
loss, they can be associated with a number of medical risks and
patients should be medically supervised.
Low carbohydrate diet: Low carbohydrate diets are relatively
high in fat and protein while restricting carbohydrate intake to
20 g per day (35). The Atkins diet, the most popular example,
is a low carbohydrate, high protein and high fat diet. In the
initial two-week induction phase, carbohydrate intake is lim-
ited to 20 g/day. Subsequently, in the maintenance phase,
dieters are allowed to add 5 g of carbohydrates per week to
approximately 50 g per day without any restriction to fat or
protein intake. The principle behind this diet is that depletion
of glycogen stores because of severe carbohydrate restriction
leads to excretion of bound water, and the ketogenic nature of
the diet suppresses appetite. The high protein content is highly
satiating, reducing spontaneous food intake and thus decreas-
ing energy intake (36).

In a one-year multicentre trial, 63 obese patients were ran-
domly assigned to either the Atkins diet or a conventional
diet, described as a low calorie, high carbohydrate and low fat
diet (1200 kcal/day to 1500 kcal/day for women and
1500 kcal/day to 1800 kcal/day for men, with 60% of calories
from carbohydrate, 25% from fat and 15% from protein) (30).
Individuals in both groups met with a registered dietician at
three, six and 12 months to review dietary issues. Subjects on
the Atkins diet achieved a significantly greater change in their
mean body weight than subjects on the conventional diet at
three months (–6.8%±5.0% versus –2.7%±3.7%, respectively;
P=0.001) and six months (–7.0%±6.5% versus –3.2±5.6%,
respectively; P=0.02). However, at 12 months there was no sig-
nificant difference between the two groups (–4.4%±6.7% versus

Pathogenesis and management of obesity

Can J Gastroenterol Vol 22 No 1 January 2008 63

10455_kaila.qxd  11/01/2008  3:13 PM  Page 63



–2.5%±6.3% of body weight, respectively; P=0.26). These
results were duplicated in other studies, which demonstrated a
better initial weight loss in the low carbohydrate diet (37,38)
but no difference between the diets after one year (38), sug-
gesting that there is greater weight regain in the low
carbohydrate group and that long-term adherence to such diets
is difficult.
Low fat diet: A low fat diet is defined as one providing
0.7 kcal/g/day or less of fat calories. A meta-analysis compared
low carbohydrate diets with no restriction to energy intake
(maximum intake of 60 g of carbohydrates per day) to low fat
diets (maximum allowance of 30% of daily energy intake from
fat) in individuals with a BMI of at least 25 kg/m2. Only
intention-to-treat trials with a six-month follow-up period
were analyzed. Five trials met these criteria. After six months,
individuals who were randomly assigned to the low carbohy-
drate diets had lost more weight, with a mean difference in
weight loss of –3.3 kg (95% CI –5.3 kg to –1.4 kg). The differ-
ence was not apparent at 12 months, with a mean difference in
weight loss of –1.0 kg (95% CI 3.5 kg to 1.5 kg). These results
indicate that low carbohydrate diets are more effective for
short-term weight loss than low fat diets but this response is
not sustained for long-term weight maintenance (39).

Another study evaluated a lower fat diet incorporating
higher carbohydrate intake, without focusing on weight loss
and calorie reduction. In the Women’s Health Initiative
Dietary Modification Trial of 48,835 postmenopausal women
(40), 40% were randomly assigned to group and individual
sessions to help reduce dietary fat intake (total fat intake of
20% per day) and increase ingestion of fruit, vegetables (five
or more servings) and whole grains (six or more servings).
The remainder of the women were assigned to receive a bal-
anced diet without any contact with a dietician (control
group). Women in the intervention group lost more weight
(mean, 2.2 kg) and maintained a lower weight at 7.5 years,
but the difference was not significant. No tendency to gain
weight in the intervention group was noted. The greatest
weight loss was seen in women who had reduced their calo-
ries from fat.

However, low fat diets may be no more effective than other
types of weight reduction diets, based on a meta-analysis of
six trials evaluating the efficacy of low-fat dietary counselling
for the purpose of weight loss (41). Overall, there are conflict-
ing results on the effectiveness of low fat diets and thus, their
efficacy remains unclear.
Diet compliance: Adherence is difficult for most participants
on any diet. This was demonstrated in a single-centre trial of
obese patients (mean BMI equal to 35 kg/m2) with the meta-
bolic syndrome who were randomly assigned to three diets:
Atkins, Weight Watchers and very low fat (42). At one year,
there was a trend toward a higher dropout rate in the low
carbohydrate and very low fat diets, compared with other
more moderate diets (Atkins, 48%; very low fat, 50%; and
Weight Watchers, 35%). The average weight loss was 4 kg to
7 kg in those who completed the study. In the intention-to-
treat analysis, the mean weight loss was similar for all
three diets and ranged between only 2 kg and 3 kg, but there
was no statistically significant difference between diets
(P<0.4). Despite weight loss in individuals who were able to
adhere to the diet, no single diet resulted in a satisfactory
adherence rate that did not decline over time (P<0.001).
Interestingly, diet adherence was the most important predictor

of weight loss and reduction of cardiovascular risk factors than
the specific diet. Similar trends are noted in other studies,
showing attrition rates after one year ranging between 31%
and 48% in the low carbohydrate diet group (36) and
between 37% and 50% in those individuals randomly
assigned to the low fat group (39).
Clinical benefits of diets: Essentially, the ultimate goal of
weight loss is to improve clinical outcomes in obesity-related
complications and disease morbidity. The effects of calorie
restriction in humans have been examined. Participants were
randomly assigned for six months to one of the following
groups: control (weight maintenance diet), calorie restriction
(25% calorie restriction of baseline energy requirements),
calorie restriction with exercise (12.5% calorie restriction plus
12.5% increase in energy expenditure by structured exercise)
or a VLCD (890 kcal/day until 15% weight loss, followed by a
weight maintenance diet). The weight change in these diets
was –1.0%, –10.4%, –10.0% and –13.9%, respectively.
Two biomarkers of longevity, fasting insulin (P<0.01) and body
temperature (P<0.05), were significantly reduced with pro-
longed calorie restriction (43). Relative improvements in
insulin sensitivity and triglyceride levels were noted in patients
assigned to the Atkins diet, even after adjustment for degree of
weight loss (37).

A modest but statistically significant improvement in some
cardiovascular risk factors was noted in patients on the Weight
Watchers, Atkins and very low fat diets (42). Despite evidence
of positive effects of weight loss on cardiovascular risk factors,
evidence is lacking on their impact on cardiovascular out-
comes, likely due to inadequate study follow-up.

The Weight Watchers diet, a comprehensive weight loss
program, results in a mean weight loss of 5%, which can be
maintained by participants (23,25). Interestingly, this amount
of weight loss is sufficient to improve obesity-related complica-
tions (9,44). Thus, even moderate weight loss has health ben-
efits. Furthermore, it seems that no single type of diet is best
suited for every individual. Given low compliance rates with
any diet, certain dietary programs may be more suitable for
some than for others. Different diets have different effects on
cardiovascular risk factors and a patient’s medical profile may
guide choice of diet. The degree of metabolic syndrome may
influence the degree of carbohydrate restriction. Potentially,
dietary adherence may be improved by offering a variety of
dietary options to patients and matching those with patient
preference, lifestyle and cardiovascular profile to optimize
weight loss and thus, medical benefits.

Physical activity
Obesity is related to a sedentary lifestyle. Exercise causes
lipolysis, resulting in free fatty acid release from triglycerides
stored in fat for use as an energy source by muscle, increasing
energy expenditure (45). Although some reports indicate
that exercise alone can produce a 2% to 3% reduction in
BMI, it is a more effective weight loss tool when used in con-
junction with dietary modification. The majority of the liter-
ature suggests that physical activity alone is ineffective in
achieving initial weight loss or results in only modest weight
loss of a few kilograms (46). However, physical activity can
help in long-term weight loss maintenance. Several series of
observations have found that subjects who achieved success-
ful long-term weight loss maintenance had participated in a
regular exercise program (47).
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A starting program of 30 min to 45 min of moderate exer-
cise (eg, brisk walking) at least three days per week is recom-
mended. This amount of physical activity expends
approximately 150 kcal/day (500 to 1000 calories per week).
For some, this may not be adequate energy expenditure and
these individuals may require a loss of 2000 calories or more
per week to ensure weight loss maintenance. Any form of phys-
ical activity is appropriate as long as it increases heart rate and
energy expenditure. Walking is the most common, safe and
accessible mode of exercise that is prescribed. The National
Weight Control Registry recommends that individuals initially
walk 4000 steps per day, with a gradual increase to 12,000 steps
per day over a period of six months (45).

Behavioural modification
Behavioural strategies are designed to change patients’ dietary
and exercise habits. They target obstacles that limit adherence
to diets. These strategies include self-monitoring of eating
habits and physical activity, stress management of situations
that lead to overeating, avoiding situations that lead to inci-
dental eating, cognitive restructuring to correct unrealistic
goals and misconceptions about weight loss and body image,
social support from family and friends, and relapse prevention
after episodes of overeating or weight gain.

The American Gastroenterological Association’s guidelines
suggest that gastroenterologists incorporate behavioural ther-
apy principles to assist with weight loss (Table 1). Individuals
who receive regular behavioural therapy such as regular con-
tact with treatment providers are more likely to achieve and
maintain long-term weight loss.

Pharmacotherapy
Although there are a wide variety of weight loss agents that have
been tested in the treatment of obesity, currently only sibu-
tramine and orlistat are approved in Canada. In addition to
absolute weight loss, there are several important clinical benefits
on lipids and blood sugar control achieved by these agents
(Table 2). We will discuss the role of these agents in the induc-
tion and maintenance of weight loss, and briefly highlight future
directions in pharmacotherapy with rimonabant (Table 3).

Antiobesity drug therapy is indicated for those individuals
who cannot achieve weight loss despite an adequate trial of
lifestyle modification. Pharmacotherapy should only be pre-
scribed in conjunction with lifestyle modifications, and not as

monotherapy for obesity. Patients with a BMI of 30 kg/m2 or
more, with no concomitant comorbid diseases and those with
a BMI of 27.0 kg/m2 to 29.9 kg/m2 with two comorbid condi-
tions (hypertension, dyslipidemia, coronary artery disease, type
II diabetes or sleep apnea) may be candidates for pharmacolog-
ical therapy.
Sibutramine: Sibutramine was initially developed as an anti-
depressant and was incidentally found to reduce body weight,
decrease appetite and increase satiety. It inhibits norepineph-
rine and serotonin reuptake without stimulating their release
(48). There have been more than 10 prospective randomized
clinical trials to date. Three trials lasting at least one year
demonstrated a weight loss of 4 kg or 5% more than placebo;
35% more patients achieved at least 5% weight loss and 15%
more patients achieved at least 10% weight loss than patients
ingesting the placebo.

Patients who received 10 mg/day or 15 mg/day of sibu-
tramine experienced a greater weight loss than those who
received the placebo with dietary advice over a one-year
period, with a weight reduction of 4.4 kg, 6.4 kg and 1.6 kg
(P≤0.01), respectively (49). The only side effect reported was
dry mouth, which occurred more frequently in the treatment
group. Withdrawal rates from the study because of lack of effi-
cacy were higher in the placebo group (21%) compared with
the sibutramine group.

Sibutramine has also been shown to be effective at weight
loss maintenance (50). In one study, obese patients who lost
at least 6 kg during four weeks of a VLCD were randomly
assigned to either sibutramine 10 mg/day or placebo for
one year. The treatment group had a mean weight loss of
5.2 kg, compared with the placebo group weight loss of only
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TABLE 1
Behavioural therapy principles to assist with weight loss

• Develop realistic goals with patients

• Design a weight loss plan targeting small, incremental diet and activity 

goals

• Motivate patients to self-monitor diet and physical activity

• Aid patients in identifying and solving problems that are weight loss 

barriers

• Arrange regular clinic follow-ups with either the gastroenterologist or other 

medical personnel to

•• Record weight;

•• Review food records;

•• Provide continued encouragement and motivation; and

•• Consider group behaviour therapy in patients who are unsuccessful

with weight loss with less aggressive methods

TABLE 2
Clinical benefits of anti-obesity pharmacotherapy

Sibutramine Orlistat

• Improves HbA1C levels • Improves HbA1C levels

• Improves blood glucose levels • Improves blood glucose levels

• Delays diabetes • Lowers lipid levels

• Lowers total cholesterol levels

• Lowers low-density lipoprotein levels

HbA1C Glycosylated hemoglobin

TABLE 3
Induction of weight loss with pharmacotherapy

Duration Weight 
of loss

Patients, therapy, Dose, outcome,
Drug Reference n years mg kg (P)

Sibutramine Smith IG, 485 1 15 od 6.4

Goulder MA (47) (<0.001)

Orlistat Davidson MH, 880 1 120 tid 8.76

Hauptman J, (<0.001)

DiGirolamo M,

et al (57)

Rimonabant Pi-Sunyer FX, 1602 1 20 od 6.3

Aronne LJ, (<0.001)

Heshmati HM,

et al (58)

od Once daily; tid Three times per day
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0.5 kg (P=0.004). Seventy-five per cent of patients in the
sibutramine group maintained their weight loss after the
VLCD ended, compared with 42% in the placebo group
(P<0.01) (50).

The main side effects of sibutramine are cardiovascular
problems (tachycardia and increase in blood pressure), nerv-
ousness and insomnia. Some patients may also complain of dry
mouth and constipation. The drug is contraindicated in
patients using monoamine oxidase inhibitors and selective
serotonin reuptake inhibitors.
Orlistat: Orlistat is a potent, irreversible inhibitor of gastric
and pancreatic lipases that reduces systemic absorption of
dietary fat by 30%.

Eleven prospective, randomized clinical trials have evalu-
ated the efficacy of orlistat. Overall, the findings reveal a 3 kg
weight loss or 3% greater reduction in weight than with the
ingestion of a placebo. It also reduced low density lipoprotein
and cholesterol levels independently of body weight reduction,
delayed diabetes, improved glycemic control in diabetic
patients, and significantly reduced systolic and diastolic blood
pressure. However, no studies have demonstrated mortality
advantage or reduction in cardiovascular diseases.

Orlistat has been evaluated in weight loss maintenance. At
one year, patients treated with 120 mg of orlistat, three times
per day had significantly less weight regain than those in the
placebo group (33% versus 59%; P<0.001) (51).

Side effects include liquid stools, steatorrhea, fecal urgency,
incontinence, flatulence, abdominal cramping and fat-soluble
vitamin deficiencies.
Rimonabant: Rimonabant, a cannabinoid receptor antagonist,
has been investigated as a treatment option for both smoking
cessation and obesity. Endogenous cannabinoid receptor ago-
nists are present in the brain. Central nervous system levels of
cannabinoid receptors increase with greater demand of food.
The cannabinoid-1 receptor plays a role in the regulation of
appetite.

Trials have evaluated the efficacy of rimonabant as a
weight loss agent (52,53). In one trial, 1507 patients with a
BMI of more than 30 kg/m2 (with treated or untreated dys-
lipidemia, hypertension or both) were randomly assigned to
receive rimonabant (5 mg/day or 20 mg/day) or placebo, in
addition to a hypocaloric diet (600 kcal/day deficit) (52). The
mean dose-dependant weight loss at one year was
–3.4 kg±5.7 kg, –6.6 kg±7.2 kg and –1.8 kg±6.4 kg in the
rimonabant 5 mg, 20 mg and placebo groups, respectively.
Rimonabant 20 mg resulted in significantly greater improve-
ments than the placebo in waist circumference, high density
lipoproteins, triglycerides, insulin resistance and the metabolic

syndrome. Side effects, including mood changes, nausea and
vomiting, diarrhea, headache, dizziness and anxiety were
more frequent in the rimonabant 20 mg group than in the
5 mg or placebo groups.

Endoscopy
Endoscopically placed gastric balloons have limited availabil-
ity in Canada. A soft, saline-filled balloon is placed intragas-
trically, and induces satiety and restriction. The weight
results with this intervention appeared to be transient and
inconsistent (54). Placement can be complicated by nausea,
vomiting, abdominal pain, gastric erosions, ulcers, balloon
deflation and balloon migration, resulting in bowel obstruc-
tion. Usually, balloons need to be removed and replaced
every three to six months to prevent complications. If they
are placed for longer periods, appropriate monitoring with
imaging is required.

Surgical
Weight loss surgeries are reserved for patients with severe obe-
sity. Eligible patients are those with a BMI of 40 kg/m2 or more
in whom diet and medical therapy have failed or patients with
a BMI of 35 kg/m2 or more with comorbid conditions. Surgical
weight loss can be achieved by restrictive, malabsorptive or
combination procedures.

Roux-en-Y gastric bypass surgery results in weight loss by
gastric restriction, causing early satiety and malabsorption, as
well as reduction in hunger due to a decrease in ghrelin levels
and increased PYY. The approximate weight loss at one year is
50% (55). Complications associated with this surgery include
deficiencies in iron, calcium, vitamin B12, fat-soluble vitamins,
folic acid and electrolytes.

Vertical banded gastroplasty is a purely restrictive proce-
dure by which the patient is left with a pouch that dilates to
only 250 mm in diameter. Vomiting is a common side effect.
Weight loss with compliance is 60% (56). Drawbacks of the
procedure are that high calorie beverage ingestion can eventu-
ally lead to weight gain. Furthermore, the pouch can expand
with overeating.

Laparoscopic adjustable gastric banding, another purely
restrictive procedure, involves placing a small silicone band
around the fundus of the stomach. It is a short day-surgery and
can be adjusted after placement. Weight loss seen after this
procedure is also approximately 60% (56).

CONCLUSIONS
A thorough medical assessment is required to identify patients
who are obese or at risk for obesity or obesity-related compli-
cations. The medical evaluation should entail a complete his-
tory (eating patterns, behavioural patterns, physical activity,
weight history, attempts at weight loss, and obesity-related risk
factors and complications) and physical examination (includ-
ing a BMI and waist circumference measurement), as well as
appropriate laboratory and diagnostic testing (37).

Several antiobesity treatment options in isolation or in com-
bination are available to physicians. Selecting appropriate obe-
sity therapy can be guided by BMI and obesity-related
complications (Table 4) (9,10). The available therapeutic arma-
mentarium ranges from nonpharmacological therapy, such as
cognitive and behavioural treatment, physical activity and diets;
pharmacotherapy to endoscopic and surgical procedures.
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TABLE 4
Guide for selecting obesity treatment

Body mass index category, kg/m2

Treatment 25–26.9 27–29.9 30–34.9 35–39.9 ≥≥40

Diet, exercise and + + + + +

behaviour

Pharmacotherapy – With co- + + +

morbidities

Surgery – – – With co- +

morbidities

Reproduced/adapted with permission from reference 9
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