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Introduction

The medicinal use of the extract of the plant Cannabis sativa (marijuana)
goes back more than three thousand years in history. Besides its use as
a well-known psychotropic agent, it was a popular painkiller in ancient
China and an anxiolytic drug in India. Although the different properties
of marijuana have been known for thousands of years, scientific research
on the effects of the marijuana constituents – called cannabinoids – has
begun only in the last few decades.

The identification of the endocannabinoid system was a breakthrough
discovery. The generation of endogenous cannabinoid ligands (endocan-
nabinoids) and the expression of the cannabinoid receptors and/or
endocannabinoid metabolizing enzymes have been described in most
tissues both in experimental animals and in humans, and have been
implicated in the regulation of various physiological and pathological
functions. Recent studies have also established a firm connection between
the dysregulation of the endocannabinoid system and numerous major
diseases and pathological states. Thus, the modulation of the
endocannabinoid system has become an appealing therapeutic target in
various diseases.

Cannabinoid receptors and cannabinoid receptor antagonists

The first major step in the discovery of the endocannabinoid system was
the identi-fication of the most important psychoactive constituent
of marijuana, ∆9-tetrahydrocannabinol (THC) [1]. Experiments with THC and
other synthetic analogues showed structural and stereo-selectivity that
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supported a drug-receptor interaction. This was
proven in the early 1990s, when two different
cannabinoid receptors were cloned [2, 3]. Two splice
variants of CB1 (CB1A and CB1B) are also known, but
their expression has not been reported [4]. Besides
the fact that the cannabinoid-1 (CB1) receptor is one
of the most abundant receptors of the mammalian
brain, its presence has been demonstrated in many
peripheral cells and tissue (myocardium,
postganglionic autonomic nerve terminal, vascular
endothelium, vascular smooth muscle cells,
adipocytes, liver, skeletal muscle) (for review see [4]).
The localization of the cannabinoid-2 (CB2) receptor
is different. Initially it was considered to be expressed
mainly in the cells of the haematopoietic and
immune systems [3]. However, CB2 receptors have
recently been found in various other tissues, e.g. in
the central nervous system, liver, myocardium,
human coronary endothelial cells, smooth muscle
cells, pancreas and bone [4]. 

The cannabinoid receptor signalling mechanism
is very complex. Both CB1 and CB2 are G-protein
coupled receptors. They have seven transmem-
brane domains containing the cannabinoid binding
site and couple primarily to the Gi/o subtypes of G
proteins [4], causing inhibition of adenylate cyclase;
however there are data for activation of adenylate
cyclase and coupling to Gq/11 protein as well [5].
Through the G-protein mechanism cannabinoids
activate different potassium channels and inhibit
calcium channels [6]. Cannabinoids activate
the multifunctional mitogen activated protein
kinases (p44/42 MAP kinase, JUN terminal kinase,
phosphatidylinositol-3-kinase) (for review see [4]).
An important finding is the agonist selective
activation of different G-protein subunits allowing
the possibility of selective action of different
agonists according to the different pattern of
G-protein subunit expression [7]. 

Pharmacological evidence suggests that there
are more additional cannabinoid receptors. One
of these putative receptors has endothelial
localization and its activation results in vasodilation
[8], while the other one is at a presynaptic site on
glutamatergic nerves in the hippocampus [9].
Molecular proof of these binding sites is still
lacking. Data have recently been published
suggesting that GPR55 is another cannabinoid
receptor; however the in vivo function of this
receptor is elusive [10].

Despite the fact that the CB1 and CB2 receptors
have only 44% homology, THC binds both receptors
with similar affinity. In contrast, newly synthesized
agonists and antagonists can specifically bind either
to CB1 or CB2 receptors. The highly selective
cannabinoid receptor antagonists (e.g. SR141716:
rimonabant) for CB1 [11], and SR144528 for CB2 [12]
and experiments involving genetically modified

knockout mice [13] provided an important tool for
the characterization of the function of these
receptors in health and disease.

The endocannabinoids

Following the discovery of CB1 and CB2 receptors,
endogenous lipid ligands for these receptors
– called endocannabinoids – were identified. So far
two endocannabinoids have been characterized
best: arachidonyl ethanolamide (anandamide, from
the Sanskrit word “ananda” = “bliss”) isolated from
porcine brain [14], and 2-arachidonoyl glycerol 
(2-AG), present both in the gut [15] and in the brain
[16]. These lipid-like substances bind to cannabinoid
receptors and mimic many of the biological actions
of plant-derived cannabinoids [17, 18]. The basal
level of 2-AG in the brain is a hundred times higher
than that of anandamide [4]. Anandamide is
a partial or full agonist of CB1 (depending on
the localization and biological response measured)
and also binds with very low efficacy to CB2
receptors. 2-AG is a full agonist at both cannabinoid
receptors (for review, see [4]).

Anandamide is synthesized in vivo in the cell
membrane from a membrane lipid precursor, from
N-arachidonoyl phosphatidyl ethanolamide, through
a multistep enzymatic process [19] containing parallel
pathways and involving various enzymes, such as
phospholipase D, phospholipase C, and phospho-
diesterase [20]. The modulation of the activity of these
enzymes may also emerge as a therapeutic target in
the near future. The other endocannabinoid, 2-AG, is
produced from diacylglycerol (DAG) by DAG-lipase (for
review, see [4]). 

Endocannabinoids are not stored, but produced
on demand. After being released into the extracellular
space the uptake of endocannabinoids by neurons
and other cells is performed mainly by facilitated
diffusion driven by a concentration gradient. 
The findings that anandamide uptake can be
selectively inhibited by structural analogues suggest
that this uptake mechanism involves a saturable
transporter protein which remains to be identified [4]. 

Evidence emerging from experiments using fatty
acid amid hydrolase (FAAH) inhibitors or FAAH
knockout mice strongly suggests that in vivo FAAH
is primarily responsible for the intracellular
degradation of anandamide (for review, see [21]).
Although 2-AG can also be degraded by FAAH 
in vitro, there is no evidence for such a mechanism
in vivo. 2-AG is hydrolyzed by monoacylglyceride
lipase (MGL) [22]. 

The cannabinoid receptors, the endocannabinoids,
the enzymes involved in the production and
degradation of endocannabinoids, and the putative
membrane transporters responsible for their cellular
uptake and possible release, together comprise
the endocannabinoid system.
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Endocannabinoid system and cardiometabolic risk

Accumulating recent evidence suggests a key
role of the endocannabinoid system in various
obesity-related metabolic and cardiovascular
diseases. These effects involve both central and
peripheral mechanisms. For example leptin and
endocannabinoid interaction on food intake was
demonstrated in wild type and CB1 knockout mice,
indicating that hunger-induced increase in food
intake may be mediated by endocannabinoids
through CB1 receptors [23]. In genetically obese
(leptin or leptin receptor defective) mice rimonabant
significantly decreased food intake, demonstrating
that the endocannabinoid system is involved in
hyperphagia in these models [23]. The anatomical
localization of the leptin-endocannabinoid intera-
ction is probably in the lateral hypothalamus [24].
There may be other localizations in the brainstem
and limbic forebrain, where the endocannabinoids
mediate orexigenic effects [4]. 

Besides central mechanisms, peripheral effects
of the endocannabinoid system are also involved in
energy balance. Chronic treatment with rimonabant
after a transient reduction of food intake causes
sustained weight loss in diet-induced obese rodents,
suggesting an increase in energy expenditure ([25],
for review, see [26]). Many recent findings suggest that
an important target of the endocannabinoid system
is the adipose tissue itself. CB1 receptors are expressed
on adipocytes, where all the enzymes responsible for
the biosynthesis and metabolism of endocannabinoids
are present [27]. The activation of CB1 receptors results
in increased lipogenesis and decreased fatty acid
oxidation in the adipose tissue [28], while CB1 blockade
can reverse these effects. Treatment with rimonabant
also increases adiponectin expression, a hormonal
stimulus for fatty acid β-oxidation leading to energy
expenditure [29].

The other major peripheral target of the endo-
cannabinoid system in obesity related diseases is
the liver, where the blockade of CB1 receptors can
reverse hepatic steatosis [30]. It has recently been
shown that mice with hepatocyte-specific deletion
of CB1 receptors in spite of a high fat diet develop
much less steatosis, have normal lipid profile and
do not develop insulin and leptin resistance [31]. 

As CB1 receptors are also present on the skeletal
myocytes it was obvious to assume that cannabinoid
activation can influence insulin resistance by
affecting skeletal muscle glucose uptake. Indeed, in
an obese rodent model chronic treatment with
rimonabant increased insulin-stimulated glucose
uptake and phosphorylation in the soleus muscle,
improving insulin resistance [32].

Cardiometabolic risk

Use of the term “metabolic syndrome” has
recently been widely and extensively debated. Its

five individual components – increased waist
circumference, elevated triglycerides, reduced
high-density lipoprotein (HDL) cholesterol, elevated
blood pressure, and elevated fasting glucose
– frequently aggregate in the same individual.
However, an analysis of two prospective studies
(PROSPER, BRHS) did not find an association
of the metabolic syndrome with cardiovascular risk
in the elderly in spite of its significant relation to
diabetes [33]; therefore it was thought to “put yet
another nail in the coffin of the metabolic
syndrome” [34]. On the other hand, these findings
are in good agreement with the concept
of cardiometabolic risk (CMR). Being aware
of the fact that cardiovascular morbidity and
mortality are still the largest burden in the world,
an academic group (International Chair on
Cardiometabolic Risk – ICCMR) has been formed
to emphasise the importance of an early
epidemiological survey and preventive measures
in cardiometabolic risk, considered to be one
of the major issues jeopardizing the present and
forthcoming health status. This academic group’s
key objective is to organise and harmonise these
activities with special regards to research,
prevention, education and management of CMR,
in the region: particularly to exchange epide-
miological data, unify methodologies, and create
a harmonised, well-controlled practical approach
for individuals. Why it is absolutely necessary is
substantiated by a new study showing that
intensification of medication in the presence
of several cardiometabolic risk factors, such as
hypertension, dyslipidaemia, diabetes, and
abdominal obesity, is often being pursued
inappropriately [35, 36]. Drugs having beneficial
effects on most cardiometabolic components were
greatly needed. Antagonising CB1 cannabinoid
receptors in experimental animal models as well
as in humans was shown to have a favourable
effect on body weight, and lipid and glucose
metabolism, so this new group of drugs seemed
to have great clinical potential. Two drugs (rimo-
nabant, taranabant) have been thoroughly
investigated. Because of its many side effects
taranabant did not reach approval for clinical
practice and its further development was stopped.
Rimonabant has been approved for clinical practice
in Europe as it was shown to have favourable
effects on abdominal obesity and also on lipid and
carbohydrate metabolism. However, because of its
psychiatric side effects (anxiety, depression) this
drug has recently been withdrawn from the market.

Several human studies have provided valuable
information on the effects of the CB1 antagonist
rimonabant on cardiometabolic risk factors. In
the following section we summarize the most
important results of these studies.
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RIO North America Study

This was a double-blind, placebo-controlled trial
including 3040 obese individuals who were
randomized to treatment by placebo, or by 5 mg,
or by 20 mg daily rimonabant. All three groups
of patients had a reduced-calorie diet. After one
year, patients in the rimonabant arms were
re-randomized to either rimonabant or placebo to
investigate if rimonabant’s effects would be
maintained following cessation of the drug. 
The primary end point of the study was the change
in weight at one year and maintenance of weight
changes at two years. Effects of rimonabant on lipid
parameters (plasma level of HDL cholesterol and
on triglycerides) were also studied.

After one year the completion rate was 309 (51%)
patients in the placebo group, 620 (51%) patients in
the 5 mg of rimonabant group, and 673 (55%)
patients in the 20 mg of rimonabant group. As
compared to the data in the placebo-treated 
group, in the rimonabant-treated patients on
20 mg/day dose the body weight significantly
(P<0.001) decreased by 6.3 kg (vs. 1.6 kg), the waist
circumference by 6.1 cm (vs. 2.5 cm), the plasma
level of triglycerides by 5.3% (vs. 7.9% increase), and
the HDL cholesterol increased by 12.6% (vs. 5.4%). 

After two years, patients who stayed on the
20-mg dose of rimonabant maintained the same
body weight and waist circumference, while those
re-randomized to placebo gained weight to a nearly
identical level of those who had been on placebo
for two years. Effects of 20 mg/day rimonabant on
lipid parameters at two years were greater than
expected from the degree of weight loss, sug-
gesting that the metabolic effects of rimonabant
are independent of weight-loss effects.

Side effects were similar in all treatment 
groups, but withdrawal was slightly higher in
the rimonabant groups than in the placebo group.
The most common drug-related adverse event was
nausea (11.2% for the 20 mg of rimonabant group
vs 5.8% for the placebo group) [37].

RIO-Europe Study

The effects of rimonabant (5 or 20 mg once daily
in addition to a low calorie diet) on body weight and
cardiovascular risk factors in overweight or obese
patients (body-mass index 30 kg/m2 or greater, or
body-mass index greater than 27 kg/m2) with
dyslipidaemia, hypertension or both were assessed
by this randomized, double-blind, placebo-controlled
trial. The primary efficacy endpoint was weight
change from baseline after 1 year of treatment, but
parameters characterizing lipid and carbohydrate
metabolism were also investigated. 

Weight loss at 1 year was significantly greater in
patients treated with rimonabant 5 mg (mean

–3.4 kg, P=0.002 vs. placebo) or 20 mg (–6.6 kg,
P<0.001 vs. placebo) compared with placebo 
(–1.8 kg). Rimonabant (20 mg) produced
significantly greater improvements than placebo in
waist circumference, HDL cholesterol, triglycerides,
and insulin resistance. The effects of rimonabant
5 mg were of less clinical significance. Rimonabant
was generally well tolerated with mild and transient
side effects. At two years 20 mg rimonabant
induced a significant (P<0.001) decrease in waist
circumference by 7.5 cm (vs. 3.4 cm by placebo), in
body weight 7.2 kg (vs. 2.5 kg by placebo), in plasma
level of triglycerides 8.8% (vs. 6.3% increase in
placebo), and an increase in HDL cholesterol
by 28.2% (vs. 16.8% by placebo) [38]. 

RIO-Diabetes Study

In the RIO-Diabetes study patients had type
2 diabetes that was poorly controlled with either
metformin or a sulphonylurea, a body mass index
of 27 to 40 kg/m2, and were free of other clinically
significant conditions (e.g. severe vascular
complications of diabetes). Three hundred and 
39  patients were randomized to receive rimo-
nabant 20 mg/day, 358 to rimonabant
5 mg/day, and 348 patients to placebo treatment. 

Patients in the 20 mg/day rimonabant-treated
group lost significantly (P<0.0001) more weight and
showed improvements in the ratio of total
cholesterol /high-density-lipoprotein cholesterol
(–0.51 vs. –0.16, respectively), triglycerides 
(–9.1 vs. + 7.3%, respectively), fasting glucose level
(–0.64 vs. + 0.33 mg/dl), glycosylated haemoglobin
(–0.6 vs. + 0.1%, respectively), and hsC-reactive
protein (–1.4 vs. 0.0 mg/l, respectively) as com-
pared to those in the placebo group. Patients in 
the 5 mg/day rimonabant group had statistically
significant but less pronounced reductions in body
weight and waist circumference and less changes
in metabolic parameters. Rimonabant induced
metabolic changes were independent of weight
loss; therefore it was hypothesized that rimonabant
has a direct modulating effect on such
cardiovascular and metabolic risk factors/markers.
Dropout rates were not different in the three
groups. More people from the rimonabant group
than from the placebo group withdrew because
of adverse events (depressed mood disorders,
nausea, and dizziness) [39].

RIO-Lipids Study

The RIO-Lipids double-blind, randomized trial
aimed to extend observations from the RIO-Europe
Study to show the benefits of rimonabant in
overweight or obese individuals who had high risk
of cardiovascular disease. One thousand and
thirty-six overweight or obese (body mass indices
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of 27 and 40) patients were included who had had
untreated dyslipidaemia (triglyceride levels
between 1.69 and 7.90 mmol/l) or had a ratio
of total cholesterol/high-density lipoprotein
cholesterol higher than 4.5 in women and 5.0 in
men. The patients were treated with rimonabant
20 mg/day or placebo for 12 months.

As compared with placebo, rimonabant 20 mg
significantly decreased body weight by 6.7 kg, waist
circumference by 5.8 cm, increased HDL cholesterol
by 10.0%, reduced triglycerides by 13.0%, and
increased levels of adiponectin by 46.2%. Rates
of study completion were low, with no significant
differences between placebo- or rimonabant-treated
group (62.6 vs. 63.9% respectively) [40].

A meta-analysis of studies with 20 mg/day
rimonabant involving a total of 6625 [42] or 5580
[43] patients showed a significant weight loss 
(4.64-6.5 kg) and a reduction in waist circumference
(3.84-6.4 cm). Statistically significant but minimal
reductions in weight and waist circumference were
also seen in the 5 mg/day group compared with
placebo. Plasma levels of triglycerides were
significantly reduced (by 19.82 mg/dl or by 6.9%),
and HDL cholesterol was significantly increased
(by 3.54 mg/dl or by 16.4%) in the 20 mg/day group
compared with the placebo-treated patients.
General adverse effects and serious adverse effects
were significantly greater in the 20-mg group as
compared with placebo: depressive disorders
1.9 vs. 0.8%, nausea 1.4 vs. 0.1%, mood alterations
with depressive symptoms 1.0 vs. 0.6%, and
anxiety 1.0 vs. 0.3% [41, 42].

After 1 year of treatment with rimonabant
20 mg/day the mean reduction in systolic blood
pressure from baseline was –0.8 mm Hg (0.3 mm Hg
for placebo); that in diastolic blood pressure was 
–0.8 (–0.3 mm Hg for placebo). However, in
the subgroup of hypertensive patients the change
in systolic blood pressure was –7.5 mm Hg for
rimonabant 20 mg/day vs. –4.7 mm Hg for placebo,
and that for diastolic blood pressure was –5.2 mm Hg
vs. –3.0 mm Hg in the placebo-treated group
(P<0.001). Reductions were even more pronounced
in patients with dyslipidaemia and type 2 diabetes.
The effect of rimonabant 20 mg on blood pressure
was thought to be related to the weight loss [42].

SERENADE Study

This was a 6-month, randomized, double-blind,
placebo-controlled trial of rimonabant 20 mg/day
in drug-naive patients with type-2 diabetes
(HbA1c 7-10%). The primary endpoint was
the change of HbA1c from baseline; secondary
endpoints were changes in body weight, waist
circumference and lipid profile. From 281
randomized patients 236 (84.9%) completed
the study. Baseline HbA1c (7.9%) was reduced by

–0.8% with rimonabant vs. –0.3% with placebo
(P=0.0002). Decrease in body weight from baseline
was –6.7 kg with rimonabant and –2.8 kg with
placebo (P<0.0001). Rimonabant reduced waist
circumference (–6 vs. –2 cm, P<0.0001), fasting
plasma level of glucose (–0.9 vs. –0.1 mmol/l,
P=0.0012), that of triglycerides (–16.3 vs. +4.4%,
P=0.0031) and increased plasma level of HDL
cholesterol (+10.1 vs. +3.2%, P<0.0001). Adverse
events occurred more frequently with rimonabant
vs. placebo: dizziness (10.9 vs. 2.1%), nausea (8.7
vs. 3.6%), anxiety (5.8 vs. 3.6%), depressed mood
(5.8 vs. 0.7%) and paraesthesia (2.9 vs. 1.4%) [44].

The ARPEGGIO Study

The ARPEGGIO Study was a double-blind,
randomised, parallel-group, fixed-dose, two-arm
controlled trial, a part of the phase III/b
programme, to study rimonabant (20 mg daily) 
vs. control in the management of type 2 diabetes
and cardiovascular disease. It was the first trial
of rimonabant in 368 insulin-treated patients with
type-2 diabetes (HbA1c ≥7%), not appropriately
controlled with insulin therapy (daily insulin dose
greater than or equal to 30 U/day for at least
4 weeks), in addition to diet and exercise
measures, performed in 12 countries, 60 centres.
The primary objective of the study was to assess
the effect of rimonabant 20 mg/day on HbA1c over
a period of 48 weeks. Other efficacy parameters
were body weight, waist circumference, serum
lipids, data for glycaemic control, and adverse
event data.

In addition to the significant improvement
of HbA1c, when added to insulin for the treatment
of type-2 diabetes rimonabant 20 mg/day tripled
the number of diabetic patients reaching the 7%
HbA1c level (6.75% of patients for control group,
and 18.4% for rimonabant group, P=0.0012). It also
significantly (P=0.0193) decreased fasting plasma
glucose, with a mean treatment difference 
of –0.88 mmol/l, a result consistent with the HbA1c
reduction. Rimonabant significantly decreased body
weight over placebo, resulting in a mean treatment
difference of –2.56 kg.

Fewer patients in the rimonabant group
compared with the placebo group experienced
serious treatment-emergent adverse events 
(16.8 vs. 19.3%, respectively). However, anxiety was
reported in 5% of the patients in the control arm
vs. 14% on rimonabant 20 mg; depression (including
depressed mood) was 7.5% in the control group
vs. 14% in the rimonabant group. It is important 
to note that most of the patients had a medical
history of depression. Similar numbers of severe
hypoglycaemia were reported with rimonabant
20 mg/day and control (8 and 7 cases, respecti-
vely) [45]. 
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The STRADIVARIUS Trial

STRADIVARIUS was a multinational trial that
involved 839 patients who had abdominal obesity,
defined as a waist circumference of more
than 102 cm for men or more than 88 cm for wo-
men, and who required coronary angiography for
a clinical indication. To be eligible, patients had to
have two additional risk factors of the metabolic
syndrome or be a current smoker. The patients were
randomly assigned to treatment with either
rimonabant, 20 mg daily (422 patients) or placebo
(417 patients). Both percent atheroma volume (PAV)
and total atheroma volume (TAV) were determined
by intravascular ultrasound technique (IVUS) on all
patients at the beginning of the study and again
at 18 months on 676 patients who completed
the trial, regardless of whether they were still taking
the study drug (PAV represents the percent
of the external elastic membrane area occupied by
the atheroma, whereas TAV is the absolute change
in the sum of atheroma areas). In addition, changes
over the course of the study in the patients’ weight
and waist circumference and in several biochemical
parameters, including HDL, triglyceride, and CRP
levels and in the level of haemoglobin A1c (HbA1c)
in patients with diabetes, were also documented.

At 18 months, in rimonabant-treated patients
body weight decreased by 4.3 kg, compared
with 0.5 kg for those in the placebo group (P<0.001).
There was also a significant difference in
the decrease in waist circumference in the two
groups (4.5 cm in the rimonabant arm vs. 1.0 cm in
the placebo arm, P<0.001). Although there was
a tendency favouring rimonabant treatment,
the primary end point did not show a significant
difference: PAV increased by 0.25% (–0.04 to 0.54)
in the rimonabant arm and by 0.51% (0.22 to 0.80)
in the placebo arm (P=0.22). However, there was
a significant (P=0.03) difference between the two
groups as the TAV decreased by 2.2 mm3 (–4.09 to
–0.24) in the rimonabant arm and increased by
0.88 mm3 (–1.03 to 2.79) in the placebo arm. In
the subgroup analyses, rimonabant also
significantly reduced PAV in patients who were not
taking statins (by 1.31% compared with placebo)
and in those with high baseline triglyceride levels
(≥140 mg/ml), among whom a decrease in PAV
of 0.77% vs. placebo was observed. Rimonabant
increased the HDL level by 22.4% (vs. 6.9% in
the placebo arm), and reduced the triglyceride level
by 20.5% (vs. 6.2%), and the CRP level by 50.3%
(vs. 30.9%) For all differences P<0.001. Among
patients with diabetes, the HbA1c level decreased
by 0.11% in the rimonabant arm and increased
by 0.40% in the placebo arm (P<0.001).

Higher frequency of psychiatric adverse events
in the rimonabant arm (43.4 vs. 28.4%, P<0.001)
was noted. Anxiety (rimonabant by 18.0% vs.

placebo by 11.8%, P=0.01) and depression (rimo-
nabant by 16.8% vs. placebo by 11.3%, P=0.02)
significantly increased. However, it is important to
note that about 25% of the patients in the study
had a history of psychiatric disease at the start
of the trial [46].

The ADAGIO-LIPIDS Trial

ADAGIO-LIPIDS was a phase 3, randomized,
double-blind, placebo-controlled multicentre study
to determine the net effect of rimonabant on HDL
cholesterol and triglyceride levels, and on
the cardiometabolic profile of weight-stable
overweight/obese patients with atherogenic
dyslipidaemia. The CT analysis was conducted to
measure how much subcutaneous and visceral fat
was lost on rimonabant as well as to determine
whether rimonabant could reduce liver fat. In
53 sites in 14 countries 404 patients were
randomized to rimonabant 20 mg/day (297 com-
pleted) and another 395 patients to placebo 
(294 completed). Patients in both the treatment
and placebo arms altered their diets, reduced daily
caloric intake by 600 kcal after randomization to
treatment and were followed for 12 months. Thus
both groups of patients reduced body weight and
waist circumference, and increased HDL cholesterol
levels, before active treatment began.

At one year as compared with placebo,
rimonabant significantly (P<0.0001) increased HDL
cholesterol levels by 8.7% (vs. 1.8% in placebo), and
reduced triglycerides by 19.5% (vs. 2.7% in placebo).
Changes in apolipoprotein levels also improved
significantly with rimonabant, as did HDL and LDL
cholesterol particle size. Blood pressure was
reduced significantly (P<0.0001) by 3/3 mm Hg
(systolic/diastolic BP, respectively) with rimonabant,
as compared with placebo (BP did not change).
Levels of CRP were also reduced with rimonabant
by 10.4% (vs. 7.8% in placebo), and those
of adiponectin were increased by 23.0% (vs. 5.1%
in placebo). Body weight was decreased in
the rimonabant-treated group by 5.8 kg (vs. 2.2 kg
in placebo), and waist circumference by 6.2 cm
(vs. 3.3 in placebo).

In the CT analysis as compared with placebo,
rimonabant treatment significantly reduced total
adipose tissue by 12.2% (vs. 5.2% in placebo), visceral
fat by 16.0% (vs. 5.9 in placebo), and subcutaneous
fat by 9.7% (vs. 4.7% in placebo) at 12 months. The
fatty liver index, a measure of hepatic steatosis, was
also improved significantly (P<0.0017) with
rimonabant by 0.16 (vs. 0.05 in placebo).

ADAGIO-LIPIDS included patients with no history
of psychiatric and/or depressive illness, and as
a result, discontinuation of therapy due to adverse
events was significantly less than has been reported
in other studies. Because of treatment-emergent
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adverse events only 57 patients discontinued
the trial in the rimonabant-treated patients and
40 patients in the placebo group [47].

Who could/should be treated by the CB1
antagonist rimonabant? The most important
indications for this treatment were elegantly
summarized by Di Marzo [48] as follows: 
1) patients with marked intra-abdominal obesity,

high triglyceride levels, low HDL cholesterol levels
and low insulin sensitivity, because the greatest
reduction in cardiometabolic risk factors, and
probably atherosclerosis, is likely to be observed
in these individuals;

2) patients who are not prone to have or who have
had no history of depression;

3) regarding the association of depression with
extreme obesity, rimonabant therapy might be
safer and more valuable in patients with a BMI
of 27-33 kg/m2, dyslipidaemia, pre-diabetes, and
a large waist circumference, than in very obese
individuals.
Unfortunately, ongoing trials aiming to assess

the efficacy of prolonged (≥2 years) treatment
with rimonabant at reducing carotid intima-
media thickness (the AUDITOR trial), the
likelihood of developing type 2 diabetes (the
RAPSODI trial), and the long-term risk
of cardiovascular events (the CRESCENDO trial)
have been stopped. These studies would have
been able to define more accurately the proper
patient groups in which CB1 antagonists may
improve the cardiometabolic risk. 

Taking into account that rimonabant and
taranabant easily cross the blood-brain barrier, most
psychiatric side effects of these drugs stem from
their effects on CB1 receptors in the CNS; therefore
drugs acting only at CB1 receptors outside the CNS
might have important clinical value in reducing
cardiometabolic risk. There is growing evidence for
CB1 receptors in peripheral tissues modulating pain
sensitivity and obesity-related hormonal and
metabolic abnormalities (see reviews: [49-51]). 
It has recently been reported that LH-21, a CB1
antagonist with limited brain penetration, reduced
food intake but did not affect dyslipidaemia or
hepatic steatosis in obese Zucker rats, but
the anti-obesity effect of this compound may not
be related to CB1 receptor blockade [52, 53]. Two
small molecules with high affinity for the CB1
receptor (<30 nM), and selectivity vs. CB2 receptors,
JD-2114 and JD-5006, have also been synthesised
and found to equally reduce body weight and
improve associated lipid and glycaemic risk factors
as did rimonabant in a diet-induced model
of obesity in mice [54].

Further studies are needed to shed light on
the future of CB1 receptor antagonism in clinical
practice.
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