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Abstract － Over the last decade, the incidence of overweight and obesity has nearly doubled in many 
countries and is considered a pandemic. Obesity was identified as a major risk factor for cardiovascular 
disease as the same level as smoking and diabetes. Visceral fat is considered one of the key contributors to 
outcome and certain ethnic groups such as Asians seem to be more affected than others. Weight reduction 
through lifestyle changes was found to be impactful to improve overall health, but weight loss and 
maintenance thereof is limited and difficult to sustain. Surgical intervention demonstrated a greater weight 
loss in the severely obese and was associated with improved all-cause mortality. Despite numerous 
pharmacological targets and a high medical need, only few drugs have been successfully developed. Earlier 
studies with amphetamine-derived compounds showed significant weight loss but their critical safety profiles 
led to market withdrawals and disappointment. More recent compounds; orlistat - a lipase inhibitor, 
rimonabant - a cannaboid-1-receptor antagonist, and sibutramine - a combined serotonin/norepinephrine 
re-uptake inhibitor, all demonstrated similar significant efficacy; however, they carry specific safety profiles 
making them unsuitable for every patient. The main limitation of pharmacotherapy is the absence of clear 
benefit-risk assessments through outcome studies. Such a study - the SCOUT trial - was designed to 
compare sibutramine versus placebo and the effect on morbidity and mortality in nearly 10,000 obese 
patients with additional risk factors. Such studies could provide new scientific evidence for obesity treatment 
and may support future pharmacological approaches. 

Keywords: Obesity, Pharmacotherapy, Weight management, Orlistat, Rimonabant, Sibutramine

OBESITY, A WORLDWIDE RISK FOR 
CARDIOVASCULAR OUTCOME

    Globally, the leading causes of mortality are dominated 
by ischemic heart and cerebrovascular diseases. Over 
12.4 million patients (23.2%) die annually from conditions 
which are contributed to arteriosclerosis (Neal et al., 
2002). In comparison, the HIV/AIDS death incidence is ap-
proximately 2.3 million per year (4.2%). Current data in-
dicate that in more affluent countries excess weight has 
become the third leading contributor to premature death 
and disease, after smoking and blood pressure (Lopez et 

al., 2006). Prospective data have shown that obesity is 
causally linked to major problems of premature death and 
cardiovascular disease, with an impact that is equivalent to 
that of heavy smoking (Prospective Studies Collaboration, 
2009). Visceral obesity has also been identified as a 
stand-alone risk factor for myocardial infarction and had a 
similar increased risk of an approximately 3 times - similar 
to smoking and hypertension (Yusuf et al., 2004). Abdo-
minal fat accumulation independently increases car-
diovascular risk, so in middle-aged individuals, waist cir-
cumference, a surrogate marker for abdominal fat, may 
predict the development of stroke, myocardial infarction 
and cardiovascular mortality as well as diabetes in non-di-
abetic patients (Yusuf et al., 2005). 
    Overweight and obesity has a major impact on global 
health, for example, its prevalence has already reached 
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Fig. 1. Percentage of patients achieving 5% weight loss at 1 
year (Completers). Fig. 2. Effect of weight loss drugs on waist circumference.

over 50% in the USA and is significantly increasing in 
countries with Western life style. Diabetes and hyper-
tension are consequences of obesity and are directly 
linked to increased Body Mass Index (BMI). Recent stud-
ies revealed that the correlations are different among 
races. Orientals are much more prone to develop obe-
sity-related diseases than Caucasians (Huxley et al., 
2008) confirming earlier reports that Asians (including 
Indians) have a significantly higher concentration of viscer-
al fat, whereas, subcutaneous fat tissue did not reach a 
statistical difference versus Caucasians. Since it was also 
proven that visceral fat is the main contributor to outcome, 
specific therapies become crucial to target this condition. 
As a consequence, national guidelines in some Asian 
countries set the target for treatment lower than in the 
Western hemisphere (W.H.O. Expert Consultation, 2004).

OBESITY - DOES INTERVENTION HELP?

    Already a decade ago, studies of weight loss achieved 
through lifestyle changes such as caloric restriction and in-
creased exercise in men with impaired glucose tolerance 
improved all-cause mortality by more than 50% over a 
12-year follow-up. The study showed similar reductions for 
cardiovascular death, but the data did not reach statistical 
significance. It is important to realize that weight loss ach-
ieved by the lifestyle intervention group could be consid-
ered as only moderate with a percentage weight change of 
−2.3 to −3.7% over the control group (−0.5 to −1.7%) 
(Eriksson and Lindgärde, 1998). 
    Management of obesity and its related conditions poses 
a major clinical challenge. For most people, particularly 
those at high cardiovascular risk, treatment by means of 
such lifestyle measures alone is inadequate and it is possi-
ble to postulate that the addition of specific pharmacother-
apy or bariatric surgery could provide a greater effect size.

    The Scandinavian Obesity Study (SOS) addressed the 
surgical aspect. Patients with morbid obesity indicative for 
surgical intervention were compared to a non-surgical con-
trol group. In the surgical group as might be expected, 
there was a significantly greater drop in body weight of up 
to −30% which resulted in a significant reduction of mor-
tality over the 14-year follow-up period. An additional im-
portant finding was the difference in mortality versus the 
control group which only became apparent approximately 
5 years after surgery (Sjöström et al., 2007). This supports 
the hypothesis that obesity treatment strategies should be 
of long-term nature.
    The open question remains: What results could be ach-
ieved through pharmacological intervention?

OVERVIEW OF DRUG THERAPIES

    Drug treatment for obesity has often been seen to be 
controversial, largely because of a failure to understand 
how it should be used. Initially treatment was targeted on 
immediate and relatively rapid weight loss based around 
centrally acting amphetamine derived compounds. In 
1997, concerns were raised about the safety of two of 
these widely used weight management drugs; namely dex-
fenfluramine and fenfluramine because of their association 
with pathological changes to heart valves when used alone 
or in combination with phentermine (F.D.A., 1997). As a re-
sult of these concerns, the manufacturer agreed to with-
draw both treatments from the market. 
    More recent developments by the pharmaceutical in-
dustry have resulted from the recognition of the need for 
long term drug treatment for weight loss and weight loss 
maintenance. This has resulted in the development and 
subsequent availability of only three major compounds: or-
listat, sibutramine and rimonabant (Fig. 1, 2). 
    Orlistat is a peripherally acting gastric-lipase inhibitor, 
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which reduces the up-take of fat within the jejunum and 
small intestine thereby blocking the hydrolysis of trigly-
cerides, and reducing the absorption of monoacylglyceri-
des and free fatty acids (Guerciolini, 1997). The weight- 
loss efficacy of orlistat has been demonstrated in random-
ized trials of 1 and 2 years’ duration with a second year 
weight-maintenance phase (Sjöström et al., 1998; Rössner 
et al., 2000) as well as in a 4-year trial designed to assess 
both weight loss and the prevention of type 2 diabetes 
(Torgerson et al., 2004).
    The side effects associated with orlistat are principally 
gastrointestinal in nature, and include malabsorption 
(urgency of defecation, diarrhea and abdominal discom-
fort) in patients who exceed 50-60 g dietary fat/day 
(Padwal and Majumdar, 2007). Due to this local effect, it 
may be predicted that there could be reduced efficacy in 
countries where obesity is supported to a lower degree by 
high-fat diets. A lower-strength preparation with similar 
short-term efficacy and fewer side effects has been ap-
proved for use without a prescription in some countries no-
tably the U.S., Europe and Australia.
    Sibutramine is a centrally-acting serotonin and nor-
epinephrine re-uptake inhibitor which acts in the hypothal-
amus and other CNS areas to increase the activity of neu-
rones which rely on these two neurotransmitters. This re-
duces energy intake by promoting early termination of eat-
ing behavior during a meal and prolonged satiation result-
ing in significant weight loss (Hansen et al., 1999; Halford 
et al., 2008).This weight loss would usually be accom-
panied by a compensatory reduction in energy ex-
penditure, but there is evidence that a secondary effect of 
sibutramine on metabolic rate (Walsh et al., 1999) attenu-
ates this fall, enhancing weight loss and weight-loss 
maintenance. Randomised placebo-controlled studies 
have shown that sibutramine given in conjunction with life-
style and dietary advice can induce dose-dependent 
weight loss and maintenance in a wide variety of patient 
types, including those with comorbidities such as type 2 
diabetes (James et al., 2000; McNulty et al., 2003; Hauner 
et al., 2004). 
    As a consequence of its peripheral mode of action, 
treatment with sibutramine in some patients may result in 
small increases in blood pressure and heart rate and si-
butramine is not recommended in patients with uncon-
trolled hypertension, pre-existing cardiovascular disease, 
or tachycardia (Padwal and Majumdar, 2007). More recent 
studies in patients with hypertension, sibutramine was 
found to initiate a clonidine-like effect leading to an aver-
age decrease in blood pressure (Birkenfeld et al., 2002; 
Heusser et al., 2006).

    The third and final drug to be developed for long term 
weight management was rimonabant, a specific antagonist 
of the CB1 receptor of the endocannabinoid system (Cota, 
2003). Blocking the CB1 receptor with rimonabant has 
central nervous system inhibitory effects on food seeking 
and other “addictive” behaviors, and direct effects through 
hypothalamic leptin pathways that also reduce food intake 
and possibly increase energy expenditure. The overall ef-
fect was the weight loss demonstrated in the Rimonabant 
in Obesity trials (RIO programme), which demonstrated 
similar degrees of weight loss (Despres et al., 2005; Van 
Gaal et al., 2005; Scheen et al., 2006). However, the drug 
was linked to an increased risk of psychiatric side effects 
such as anxiety and depressive disorders probably be-
cause it has unwanted effects on ‘protective’ aspects of an 
activated brain endocannabinoid system (Christensen et 
al., 2007) This side-effect profile resulted in an approval re-
jection by the F.D.A. in the U.S. (F.D.A., 2007) and a vol-
untary withdrawal by the manufacturer from the market in 
E.U. countries. As a consequence, other cannabinoid re-
ceptor antagonist developments for the treatment of obe-
sity were halted. 
    These aspects clearly show the difficulties associated 
with the development of anti-obesity drugs. Although, obe-
sity as a chronic disease requiring long-term therapy has 
been recognized and proven by all three drugs; sibutr-
amine with STORM (James et al., 2000), orlistat with 
XENDOS (Torgerson et al., 2004) and with rimonabant in 
RIO North America (Pi-Sunyer et al., 2006), it is safety 
over the long term that remains the key issue.
    The lack of large-scale outcome studies where pharma-
cological treatments prove their overall benefit-risk profile 
seems to be one of the main reasons why such therapies 
are not widely used, despite the global epidemic of obesity. 
The ongoing Sibutramine Cardiovascular OUTcomes 
(SCOUT) trial is the first randomized, prospective study to 
evaluate the potential benefits of weight management on 
morbidity and mortality to provide this important infor-
mation. Over 10,700 overweight or obese patients with 
cardiovascular risk factors were enrolled in 16 countries 
world-wide. After a 6-week, single-blind, lead-in period 
when all patients received 10 mg of sibutramine (James et 
al, 2005) eligible patients were randomized into a dou-
ble-blind, placebo-controlled randomization phase. Patients 
in the lead-in period had significant weight loss (−2.2 kg), 
which was associated with reduction in systolic and dia-
stolic blood pressure (−3/−1 mmHg) and a slight, but sig-
nificant increase in heart rate (1.5 bpm) (Torp-Peterson et 
al., 2007). The scientific community awaits the overall 
study data in 2010. 
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FUTURE PERSPECTIVES

    More recent pharmacological targets such as leptin and 
triple re-uptake inhibitors for serotonin, norepinephrine and 
dopamine have a difficult path before they can achieve 
success in the ever-growing market with few pharmaceut-
ical options. It is becoming apparent that the requirement 
for evidence of a benefit on clinical outcomes seems to be 
essential for evidence-based medicine which is accepted 
globally. Furthermore, reassurance of the safety profile of 
newly-developed compounds appropriate for long-term 
therapy requires exposure of many patients at great initial 
cost and high potential failure. This factor alone could be 
the most important reason why a number of pharmaceut-
ical companies are currently involved in the development 
of fixed drug combinations of already existing products 
with known side-effect profiles - hoping to increase the effi-
cacy of products with limited or minimal weight loss proper-
ties by combination with other similar low-efficacy drugs. 
Vivus Inc. (Vivus, 2009) have reported successful phase III 
data of their amphetamine combination of phentermine 
with topiramate. In accordance to the Company’s press re-
lease, this product showed weight loss of over 13% in 
study completers. Orexigen Therapeutics (Orexigen, 2009) 
released somewhat lower efficacy data for their combina-
tion of the antidepressant bupropion - an aminoketone se-
lective norepinephrine/dopamine re-uptake inhibitor and 
the opioid receptor antagonist, naltrexone. Regardless of 
their promising efficacy data, even with well-established 
mono-compounds, their medical and commercial success 
will be dependent on scientific evidence proven through 
long-term cardiovascular outcome trials in obese patients. 
    In the presence of a dramatically increasing obesity 
pandemic, new therapeutic targets are of high interest in 
order to provide alternatives which can not be satisfied 
with our current treatment armamentarium. The estab-
lished medications have limitations in terms of the patients 
that can benefit; thus there is a continuous and growing 
unmet need for new efficacious and safe therapies for this 
disease. Research efforts look toward certain hormones 
such as ghrelin and leptin which are associated with sati-
ety and energy expenditure. So far, ghrelin blockade is 
known to reduce hunger, however, since ghrelin has other 
neurological functions, the therapeutic window of specific 
inhibitors needs to be carefully assessed, this includes the 
“vaccine approach” with ghrelin-directed antibodies. 
    The satiety hormone leptin is another option which is un-
der investigation for the treatment of obesity. However, at 
this point in time its major limitation is the absence of an 
approved oral formulation which makes long-term treat-

ment cumbersome and unpractical. Future research could 
target formulation development and the search of a small-
er molecule which mimics the structure of leptin but is bio-
available after oral administration. For all these new tar-
gets the key questions remains: Will these approaches 
provide safe and efficacious treatments for our patients? 
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