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ABSTRACT

BACKGROUND

Rimonabant, a selective cannabinoid-1 receptor (CB,) blocker, has been shown to re-
duce body weight and improve cardiovascular risk factors in obese patients. The Ri-
monabant in Obesity—Lipids (RIO-Lipids) study examined the effects of rimonabant on
metabolic risk factors, including adiponectin levels, in high-risk patients who are over-
weight or obese and have dyslipidemia.

METHODS

We randomly assigned 1036 overweight or obese patients (body-mass index [the weight
in kilograms divided by the square of the height in meters], 27 to 40) with untreated
dyslipidemia (triglyceride levels >1.69 to 7.90 mmol per liter, or a ratio of cholesterol to
high-density lipoprotein [HDL] cholesterol of >4.5 among women and >5 among
men) to double-blinded therapy with either placebo or rimonabant ata dose of 5 mg or
20 mg daily for 12 months in addition to a hypocaloric diet.

RESULTS

The rates of completion of the study were 62.6 percent, 60.3 percent, and 63.9 percent
in the placebo group, the group receiving 5 mg of rimonabant, and the group receiving
20 mg of rimonabant, respectively. The most frequent adverse events resulting in dis-
continuation of the drug were depression, anxiety, and nausea. As compared with pla-
cebo, rimonabant at a dose of 20 mg was associated with a significant (P<0.001) mean
weight loss (repeated-measures method, —6.7+0.5 kg, and last-observation-carried-
forward analyses, —5.4+0.4 kg), reduction in waist circumference (repeated-measures
method, —5.8+0.5 cm, and last-observation-carried-forward analyses, —4.7+0.5 cm),
increase in HDL cholesterol (repeated-measures method, +10.0+1.6 percent, and last-
observation-carried-forward analyses, +8.1+1.5 percent), and reduction in triglycer-
ides (repeated-measures method, —13.0+3.5 percent, and last-observation-carried-
forward analyses, —12.4%3.2 percent). Rimonabant at a dose of 20 mg also resulted
in an increase in plasma adiponectin levels (repeated-measures method, 57.7 percent,
and last-observation-carried-forward analyses, 46.2 percent; P<0.001), for a change
that was partly independent of weight loss alone.

CONCLUSIONS
Selective CB,-receptor blockade with rimonabant significantly reduces body weight
and waist circumference and improves the profile of several metabolic risk factors in
high-risk patients who are overweight or obese and have an atherogenic dyslipidemia.
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HE EPIDEMIC OF OBESITY IN DEVEL-
oped countries illustrates the inability of
homeostatic mechanisms to offset a sed-
entary lifestyle! and almost unlimited access to
processed, energy-dense foods of poor nutrition-
alvalue. Although modification of nutritional and
physical-activity habits is the cornerstone of ther-
apy for obesity, pharmacotherapy focusing on im-
provement of the metabolic risk profile in abdomi-
nally obese patients who are at high risk of diabetes
and cardiovascular disease may be required. The
newly discovered endocannabinoid (EC) system and
cannabinoid CB, receptor,2 with their reported roles
in the regulation of energy balance and body com-
position, offer a new target to induce weight loss
and improve the metabolism of carbohydrates and
lipids.2-4
The EC system consists of a family of locally
produced, short-lived, endogenous, phospholip-
id-derived agonists (endocannabinoids)5:¢ and the
Gyjo-protein—coupled CB; receptor” that they acti-
vate. CB; receptors are expressed predominantly in
several areas of the brain and in peripheral organs,
including the autonomic nervous system, liver,
muscle, gastrointestinal tract, and adipose tissue.2
Administration of the first endocannabinoid dis-
covered, anandamide, in the hypothalamus or of
2-arachidonoyl-glycerol in the nucleus accumbens
can provoke food intake in satiated rodents.8:° As
compared with wild-type animals, CB,-knockout
mice have leaner body composition, but this lean
phenotype is not fully explained by changes in food
intake.3
Stimulation of the CB, receptors in fat cells pro-
motes lipogenesis and inhibits the production of
adiponectin,31° a cytokine derived from adipose
tissue that has potentially important antidiabetic
and antiatherosclerotic properties.1! Rimonabant,
the first specific CB,-receptor blocker to enter clin-
ical development, has been shown to reduce food
intake and body weight in treated animals and to
alter metabolic activity in adipose tissue'2 while in-
ducing the expression of the adiponectin gene.13
The results of a phase 3 study involving obese
patients (Rimonabant in Obesity—Europe [RIO-
Europe] study) showed that rimonabant induces
significantweight loss and improves metabolic risk
factors for diabetes and cardiovascular disease.14
However, the patients enrolled in the study were
selected only on the basis of excess weight. There-
fore, we examined the effects of rimonabant in per-
sons at higher risk of cardiovascular disease, such

as patients with dyslipidemia who were overweight
or obese. Also, since only traditional risk factors
for cardiovascular disease were measured in the
RIO-Europe study, we explored the effect of ri-
monabant on other key metabolic risk markers for
cardiovascular disease such as the size of particles
of low-density lipoprotein (LDL) and the plasma
levels of C-reactive protein and adiponectin.

METHODS

STUDY DESIGN

The primary objective of the study was to assess the
effect of 12 months of randomized, double-blind
treatment with rimonabant at a dose of 5 mg or 20
mg, as compared with placebo, in addition to a hy-
pocaloric diet (a deficit of 600 kcal per day in rela-
tion to the calculated daily intake to maintain body
weight), on the loss of body weight in patients who
are overweight or obese (body-mass index [BMI], 27
to 40, with BMI defined as the weight in kilograms
divided by the square of the height in meters), have
untreated dyslipidemia, and do not have diabetes.
Secondary measures included changes from base-
line (randomization) in levels of high-density lipo-
protein (HDL) cholesterol, triglycerides, glucose,
and insulin during an oral glucose-tolerance test
and the prevalence of the metabolic syndrome (ac-
cording to the criteria of the third report of the Na-
tional Cholesterol Education Program Adult Treat-
ment Panel [NCEP-ATPIII]).15 Additional efficacy
measures included waist circumference, leptin and
adiponectin levels, and relevant biochemical cardio-
vascular risk markers. The safety assessment includ-
ed standard adverse-event reporting, vital signs, the
QT interval corrected for heart rate (QTc), and anxi-
ety and depression according to the hospital anxiety
and depression scales.141¢ The range of scores for
each scale is 0 to 21, with higher scores indicating a
worse condition. Data were gathered by the spon-
sor (Sanofi Aventis) and were analyzed jointly by the
authors and the sponsor. The data analysis and the
final analyses were reviewed and validated by the
authors, who then wrote the manuscript.

The study was conducted between September
2001 and November 2003 and was in compliance
with the Helsinki Declaration. It was conducted at
67 sites in eight countries, with an independent,
unblinded data safety monitoring board compris-
ing five permanent members. At each meeting of
the data safety monitoring board, it was mandatory
to have at least three permanent independent mem-
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bers, including a clinician, a safety expert, and a
statistician. All patients gave written informed con-
sent for participation in the study.

Inclusion criteria were age of 18 to 70 years;
BMI of 27 to 40; fasting plasma triglyceride levels
of 1.7 to 7.9 mmol per liter (150 to 700 mg per deci-
liter), a ratio of total cholesterol to HDL cholesterol
higher than 5 (among men) and higher than 4.5
(among women), or both; and variation in body
weight within the previous three months of less
than 5 kg. Exclusion criteria were a history of phar-
macologic treatment for dyslipidemia within six
weeks before screening, pharmacologic treatment
for weight loss within three months before screen-
ing, or treatment with a very-low-calorie diet with-
in six months before screening; diabetes mellitus
(type 1 or 2); clinically significant findings indicat-
ing cardiovascular, endocrine, pulmonary, neuro-
logic, psychiatric, gastrointestinal, hepatic, hema-
tologic, renal, or dermatologic disease; a positive
result on a test for hepatitis B surface antigen, hep-
atitis C antibody, or both; an abnormal thyrotropin
level (greater than the upper limit of the normal
range or less than the lower limit of the normal
range); one or more of the following: levels of ala-
nine aminotransferase or aspartate aminotransfer-
ase greater than 2.5 times the upper limit of the
normal range; hemoglobin levels less than 11 g per
deciliter, neutrophil levels less than 1500 per cubic
millimeter, platelet levels of less than 100,000 per
cubic millimeter, and a creatinine level greater than
150 pmol per liter (1.7 mg per deciliter); a history
of marijuana or hashish use; severe depression (de-
pression requiring hospitalization or indicated by
a suicide attempt); and treatment for epilepsy, an
eating disorder, or a malignant disease except
basal-cell skin cancers (within five years). Other
grounds for exclusion included systolic or diastolic
blood pressure at screening that was higher than
165 or 105 mm Hg, respectively; pregnancy or lac-
tation; or less than 80 percent compliance with a
hypocaloric diet and placebo during the post-
screening four-week, single-blind run-in period.1#

After enrollment, patients were stratified accord-
ing to baseline triglyceride levels (>4.5 vs. £4.5
mmol per liter [400 mg per deciliter]) and weight
loss during the run-in period (>2 vs. £2 kg) and as-
signed to double-blind therapy, receiving placebo or
rimonabant at a dose of 5 mg or 20 mg in a ratio of
1:1:1. Follow-up visits with a consulting dietitian
occurred every 2 weeks for the first two visits and
monthly thereafter for 12 months; standardized

assessments of body weight, blood pressure, waist
circumference, smoking status, and concomitant
medications were performed at each visit. Patients
were not eligible if they had recently (within the
past six months) quit smoking or were considering
quitting. Patients who had undergone randomiza-
tion were not allowed to change smoking status
during the study, and smokers who quit during the
study period were ruled out because of the known
effects of smoking cessation on body weight.

ASSAYS
Standard laboratory tests were performed by ICON
Laboratories (at sites in Farmingdale, New York,
and Dublin). The peak size of LDL particles and the
proportion of small (<255 A) LDL particles were
determined by means of nondenaturing 2 to 16
percent polyacrylamide-gradient-gel electropho-
resis.1” Apolipoprotein B and apolipoprotein A-I
were quantified by nephelometry. Serum C-reactive
protein levels were measured by immunoturbidi-
metric assay, glucose with the use of the hexoki-
nase method, insulin by immunometric assay, lep-
tin by radioimmunoassay,8 and adiponectin by an
enzyme-linked immunosorbentassay (B-Bridge In-
ternational). A 75-g oral glucose-tolerance test was
performed in the morning after an overnight fast,
and glucose and insulin areas under the curve
(AUCs) were calculated with the use of the trape-
zoid method.

STATISTICAL ANALYSIS

All statistical tests were two-sided, with an alpha
level of 0.05. The prespecified analysis of the pri-
mary end point (change in weight from baseline at
the last observation carried forward) was conduct-
ed with the use of analysis of variance with the
modified Bonferroni procedure (Hochberg) for ad-
justment for multiple comparisons. The analysis of
variance included terms for treatment and ran-
domization subgroup. Because this analysis ruled
out scheduled measurements collected during the
study, a post-hoc repeated-measures approach was
performed for changes in weight from baseline,
which provided a better estimate of the true effect
of the study drug. The repeated-measures model
included the fixed effects (randomization sub-
group, treatment, day [number of days after ran-
domization], and treatment-by-day interaction) and
a random effect (the patient). Similar methods
were used for the analysis of other efficacy end
points.
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Table 1. Patients’ Assignments, Values at Screening, and Baseline Efficacy and Safety Values.*
Placebo Group 5-mg Rimonabant Group 20-mg Rimonabant Group
Variable (N=342) (N=345) (N=346)
Patients’ assignment — no. (%)
Randomly assigned and exposed to medication 342 (100) 345 (100) 346 (100)
Intention-to-treat analysis 334 (97.7) 340 (98.6) 344 (99.4)
Completed study 214 (62.6) 208 (60.3) 221 (63.9)
Reason for discontinuation 128 (37.4) 137 (39.7) 125 (36.1)
Lack of efficacy 2 (0.6) 4(1.2) 3(0.9)
All adverse events 31(9.1) ( 4) 6 (16.2)
Poor compliance 13 (3.8) 8 (5.2) 3(3.8)
Patient’s request 70 (20.5) 71 (20 6) 42 (12.1)
Lost to follow-up 12 (3.5) 10 (2.9) 8 (2.3)
Other 0 5 (1.4) 3(0.9)
Screening values
Sex — %
Male 42.1 37.7 38.4
Female 57.9 62.3 61.6
Current smoker — % 17.8 16.8 15.3
Age —yri 47.0£10.1 48.1+10.2 48.4+10.0
Height — cm 168+9 168+9 167+10
Weight — kg 97.0+15.4 96.0+14.6 95.3+15.1
Body-mass indexi 34.0+3.5 34.1£3.5 33.9£3.3
Triglycerides — mmol/literz: 2.26+1.61 2.36+1.13 2.42+1.14
Total cholesterol — mmol/liter 6.01+0.86 6.03+0.81 5.91+0.91
HDL cholesterol — mmol/liter 1.15+0.24 1.16+0.25 1.14+0.25
Total cholesterol:HDL cholesterol ratio:: 5.38+1.02 5.37+1.09 5.33£1.09
Baseline efficacy values
Weight — kg 95.0+15.1 94.2+14.6 93.3+14.8
Waist circumference — cm 105.7+11.4 104.8+10.8 104.7+11.0
Triglycerides — mmol/liter 2.05+1.21 2.10£1.41 2.11+1.15
Total cholesterol — mmol/liter 5.65+£0.94 5.63+0.96 5.59+1.00
LDL cholesterol — mmol/liter 3.58+0.78 3.52+0.79 3.46+0.86
Peak size of LDL particles — A 259.315.0 260.0+5.0 259.1+4.8
Proportion of small LDL particles (<2554) — % 26.2+21.4 25.2+20.2 25.8+21.0
HDL cholesterol — mmol/liter 1.10+0.25 1.10+0.23 1.11+0.24
Total cholesterol:HDL cholesterol ratio 5.31£1.13 5.29+1.11 5.19+1.10
LDL cholesterol:HDL cholesterol ratio 3.36+0.82 3.30+0.83 3.20+0.81
Apolipoprotein B:apolipoprotein A-| ratio§ 0.73+0.15 0.73+0.18 0.72+0.16
Fasting glucose — mmol/liter 5.29+0.64 5.33+0.71 5.29+0.59
Fasting insulin — yU/ml 12.8+11.4 13.0+8.0 12.8+12.3
Metabolic syndrome — % 51.9 55.9 52.9
Adiponectin — pg/ml9 5.7+2.5 5.8+2.9 5.9+2.9
Leptin — ng/ml 18+10 20+12 18+11
C-reactive protein — mg/liter 53153 5.2+5.3 5.0+£5.0
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Table 1. (Continued.)

Variable

Baseline safety values
Heart rate — bpm
Blood pressure — mm Hg
Systolic
Diastolic
QTc — msec
Depression||

Anxiety|

Placebo Group 5-mg Rimonabant Group 20-mg Rimonabant Group

(N=342) (N=345) (N=346)
65.7+9.7 65.9+9.8 64.7+8.5

124.0+13.8 123.8+13.5 124.9+12.7
78.2+8.4 78.1+8.9 78.2+7.7

402.1+20.2 403.9+19.3 406.5+21.0
3.0+2.7 3.2+3.1 3.0£2.6
5.1+3.8 5.6+4.1 5.3+£3.3

* Plus—minus values are means +SD. LDL denotes low-density lipoprotein, HDL high-density lipoprotein, bpm beats per minute, and QTc the
QT interval corrected for heart rate. To convert values for triglycerides to milligrams per deciliter, divide by 0.01129. To convert values for cho-
lesterol to milligrams per deciliter, divide by 0.02586. To convert values for glucose to milligrams per deciliter, divide by 0.05551. To convert

values for insulin to picomoles per liter, multiply by 6.

T At least one post-baseline measurement of body weight was required for the analysis.

I The category was required according to the entry criteria of the study.

§ Measurements were performed in a subgroup of patients (231, 224, and 237 patients from the placebo group, the group receiving 5 mg of
rimonabant, and the group receiving 20 mg of rimonabant, respectively).

9§ Measurements were performed in a subgroup of patients (231, 222, and 238 patients from the placebo group, the group receiving 5 mg of
rimonabant, and the group receiving 20 mg of rimonabant, respectively).

| The disorder was measured according to the hospital anxiety and depression scales.246 The range of scores for each scale is 0 to 21, with

higher scores indicating a worse condition.

Patients were classified as having a response of
a 5 percent weight loss if they had a reduction in
body weight from baseline at the last observation
carried forward of at least 5 percent; the identifica-
tion of those with a response of a 10 percent weight
loss at the last observation carried forward was per-
formed in a similar manner. The incidences of pa-
tients who had a weight loss of 5 percent and 10
percent and of those with the metabolic syndrome
at the last observation carried forward were ana-
lyzed with the use of logistic-regression models.
The models for patients who had weight losses of
5 percent and 10 percent included terms for treat-
ment and randomization subgroup, and the model
for the metabolic syndrome included terms for treat-
ment and the status of the metabolic syndrome at
baseline. Because C-reactive protein values were not
normally distributed, nonparametric analyses were
substituted for parametric analyses for this specific
marker. The effect of rimonabant independent of
weight loss was tested with the use of analysis of
covariance with weight loss as a covariate. The val-
ues in the tables are presented as means +SD and
presented in the figures as means *SE for the inten-
tion-to-treat population.

RESULTS

About40 percent of the patients in each of the three
treatment groups dropped out during the 12-month
study, with a higher dropout rate due to adverse
events in the group receiving 20 mg of rimonabant
and due to patients’ requests in the placebo group
and the group receiving 5 mg of rimonabant (Ta-
ble 1). The characteristics of the patients in the three
groups were similar both at screening and at base-
line, and there were similar improvements during
the four-week placebo run-in period in the three
groups with regard to all efficacy measures except
HDL cholesterol levels, which declined in all three
groups (Table 1).

After aweightloss of approximately 2 kg in each
group during the run-in period (Table 1), the place-
bo group had a further decline of 2.3 kg over the
next 12 months, as compared with a weight loss of
4.2 kg and 8.6 kg in the group receiving 5 mg of
rimonabant and the group receiving 20 mg of ri-
monabant, respectively (Table 2) (P<0.001 for both
doses). Weight loss was generally greater among
patients who completed the 12-month study. In the
overall population, the proportion of patients who
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Table 2. Changes from Baseline for the Efficacy and Safety End Points in the Intention-to-Treat Population, According to
the Repeated-Measures (RM) Method and Last-Observation-Carried-Forward (LOCF) Analyses.*
End Point Placebo Group 5-mg Rimonabant Group 20-mg Rimonabant Group
P Value P Value
Efficacy end point
Weight (kg)
RM -2.3+5.6 -4.2+5.3 <0.001 -8.6+6.0 <0.001
LOCF -1.5+5.0 -3.1+4.8 <0.001 -6.9+6.1 <0.001
Waist circumference (cm)
RM -3.416.0 —-4.9+6.2 0.016 -9.1+6.6 <0.001
LOCF -2.4+5.7 -3.5+6.0 0.029 -7.1+6.8 <0.001
Triglycerides (%)
RM -3.6+36.4 0.0+40.5 NS -15.8+38.0 <0.001
LOCF -0.2+38.7 +1.2+39.4 NS -12.6+41.2 <0.001
Total cholesterol (%)
RM +1.4+13.9 +2.3+12.6 NS +2.2+14.9 NS
LOCF +2.3+14.2 +2.9+12.7 NS +1.6+14.4 NS
LDL cholesterol (%)
RM +6.1+22.2 +4.8+17.6 NS +8.4+30.2 NS
LOCF +7.0+22.4 +6.6+21.4 NS +7.2+28.4 NS
Peak size of LDL particles (A)
RM -0.5+1.4 -0.6+1.4 NS -0.1£1.5 0.008
LOCF -0.9+3.9 -1.0+4.1 NS +0.3+3.8 <0.001
Proportion of small LDL (%)
RM +5.6+18.3 +3.9+13.7 NS +0.4+15.8 0.007
LOCF +3.2+18.8 +2.2+15.1 NS -1.5+16.1 0.002
HDL cholesterol (%)
RM +12.2+15.5 +15.6+15.3 0.017 +23.4+21.8 <0.001
LOCF +11.0+£15.8 +14.2+17.6 0.025 +19.1+20.9 <0.001
Total cholesterol:HDL cholesterol ratio
RM -0.50+0.91 -0.57+0.81 NS -0.84+0.93 <0.001
LOCF -0.40+0.90 -0.47+0.82 NS —0.72+0.93 <0.001
LDL cholesterol:HDL cholesterol ratio
RM -0.19+0.69 -0.31+0.62 NS -0.41+0.76 <0.001
LOCF -0.14+0.68 -0.23+0.65 NS -0.35+0.76 <0.001
Apolipoprotein B:apolipoprotein A-l ratio}
RM 0+0.13 -0.02+0.13 NS -0.03+0.12 0.040
LOCF 0+0.12 -0.02+0.14 NS -0.03+0.13 0.023
Fasting glucose (mmol/liter)
RM -0.02+0.60 +0.01+0.60 NS -0.09+0.61 NS
LOCF -0.05+0.62 -0.01+0.62 NS -0.08+0.58 NS

had a weight loss equal to or greater than 5 percent
was 19.5 percent in the placebo group and 58.4 per-
cent in the group receiving 20 mg of rimonabant
(P<0.001), whereas the proportion of those who
had aweightloss equal to or greater than 10 percent

was 7.2 percent in the placebo group and 32.6 per-
cent in the group receiving 20 mg of rimonabant
(P<0.001). Weight loss occurred during the first
9 months of the study period, after which body
weight stabilized until the end of the 12th month
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Table 2. (Continued.)
End Point Placebo Group 5-mg Rimonabant Group 20-mg Rimonabant Group
P Value P Value
Fasting insulin (uU/ml)
RM +0.7£17.5 +0.6+10.0 NS -1.3x£7.9 0.011
LOCF +0.9+15.9 +0.4+10.3 NS -1.7+12.4 0.016
Adiponectin (pug/ml)i
RM +0.8+1.8 +1.1+1.9 0.049 +2.7+2.5 <0.001
LOCF +0.7£1.9 +1.0+2.0 NS +2.2+2.5 <0.001
Leptin (ng/ml)
RM -0.3+£5.8 -2.4+7.0 0.002 -4.8+7.7 <0.001
LOCF -0.316.0 -2.3+7.9 <0.001 -4.1+7.4 <0.001
C-reactive protein (mg/liter)§
LOCF -0.4 -0.2 NS -0.9 0.020
Safety end point
Heart rate (bpm)9 +0.7+8.3 +0.2+7.5 ND +0.9+7.2 ND
Blood pressure (mm Hg)
Systolic
RM -0.7+9.1 -0.4£11.3 NS -3.6+10.9 0.015
LOCF -0.3£10.1 +0.4+11.8 NS -2.1+12.3 0.048
Diastolic
RM -0.8+7.3 -0.5+7.9 NS -2.9+7.6 0.002
LOCF -0.2+7.4 +0.1+8.3 NS -1.7+8.5 0.011
QTc (msec)q -1.8+15.3 -3.7£16.9 ND -4.6+15.7 ND
Depressionq| +0.2+2.7 -0.2+2.8 ND +0.1£3.1 ND
Anxietyq)| +0.1+2.7 -0.1+3.5 ND +0.3+3.0 ND

* Plus—minus values are means +SD. HDL denotes high-density lipoprotein, LDL low-density lipoprotein, bpm beats per minute, NS not signif-
icant, and ND not determined. To convert values for glucose to milligrams per deciliter, divide by 0.05551. To convert values for insulin to pi-

comoles per liter, multiply by 6.

T The analysis was performed on a subgroup of patients (231, 224, and 237 patients in the placebo group, the group receiving 5 mg of rimona-
bant, and the group receiving 20 mg of rimonabant, respectively).
I The analysis was performed on a subgroup of patients (231, 222, and 238 patients in the placebo group, the group receiving 5 mg of rimona-
bant, and the group receiving 20 mg of rimonabant, respectively).
§ Values for the change from baseline were not normally distributed and are presented as medians, with statistical significance assessed non-
parametrically with the use of an analysis of variance on ranked values.

9§ No statistical test was performed.

| The disorder was measured according to the hospital anxiety and depression scales.24:16

without evidence of regain (Fig. 1A). Changes in
waist circumference showed a similar dose re-
sponse (Table 2) and temporal pattern (Fig. 1B).
The caloric restriction during the four-week
run-in period produced reductions of 5.3+37.9 per-
cent in triglycerides, 4.9+17.2 percent in LDL cho-
lesterol, and 3.6£11.9 percent in HDL cholesterol,
which resulted in a 0.11+0.76 decrease in the total
cholesterol:HDL cholesterol ratio (Table 1). Dur-
ing treatment, triglycerides remained stable in both
the placebo group and the group receiving 5 mg of
rimonabant but fell an additional 15.8+38.0 per-
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cent in the group receiving 20 mg of rimonabant
(P<0.001) (Table 2 and Fig. 1C).

HDL cholesterol increased in a dose-dependent
fashion, achieving an increase of 15.6£15.3 per-
cent from baseline in the group receiving 5 mg of
rimonabant (P=0.017) and 0f 23.4+21.8 percentin
the group receiving 20 mg of rimonabant (P<0.001)
(Table 2 and Fig. 1D). Although there was no
change in levels of LDL cholesterol, the distribution
of LDL particles shifted toward larger size in the
group receiving 20 mg of rimonabant, as compared
with placebo, with a difference of 1.1 A in the peak
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Figure 1. Effect of Placebo or Rimonabant for 52 Weeks on Body Weight, Waist Circumference, Plasma Triglyceride
Levels, and High-Density Lipoprotein (HDL) Cholesterol Levels.
Body weight and waist circumference were measured at randomization (week 0) and every four weeks thereafter until
week 52, and plasma HDL cholesterol and triglyceride levels were measured at randomization (week 0) and every three
months thereafter until week 52. Values are shown as means +SE for all patients for whom measurements were taken at
each visit (lines); P values were obtained after the repeated-measures analysis. P values correspond to the mean differ-
ence between the rimonabant groups and the placebo group.

size of LDL particles (P=0.008) and a 4.6 percent
lower proportion of small LDL particles (P=0.007)
(Table 2). Changes in levels of HDL cholesterol
translated into a dose-dependent reduction in the
total cholesterol:HDL cholesterol ratio of —15.2
percent with 20 mg of rimonabant, which was
greater than with placebo (P<0.001) (Table 2). Levels
of fasting plasma insulin, the one-hour and two-
hour plasma glucose and insulin levels, and the in-
sulin and glucose AUCs during the 75-g oral glu-
cose-tolerance test decreased significantly in the
group receiving 20 mg of rimonabant (Fig. 2A and
2B; P=0.011 to <0.001).

At baseline, 54 percent of the patients who un-
derwent randomization met the NCEP-ATPIII crite-

ria for the metabolic syndrome (Table 1). The prev-
alence of the metabolic syndrome fell to 25.8
percent, 40.0 percent, and 41.0 percent in the
groups receiving 20 mg of rimonabant, 5 mg of
rimonabant, and placebo, respectively; the reduc-
tion in the group receiving 20 mg of rimonabant
was significantly greater (P<0.001) than in the pla-
cebo group and was attributed mainly to the reduc-
tion in waist circumference and the increase in
HDL cholesterol levels.

Plasma adiponectin levels increased with rimon-
abant treatment (at a dose of 20 mg) by 57.7 per-
cent — an increase significantly greater than that
observed in the placebo group (Fig. 2C). The in-
crease correlated with weight loss in each group
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Figure 2. Effect of Placebo or 20 mg of Rimonabant for 52 Weeks on the Plasma Glucose and Insulin Responses to Oral Glucose Challenge
(Panels A and B), and the Plasma Adiponectin Level (Panels C and D).
Values for plasma glucose and insulin were measured before the 75-g oral glucose challenge and 30, 60, and 120 minutes afterward, and

values are shown for patients for whom measurements were available for each time point (Panels A and B). The integrated areas under the
curves (AUCs) are shown in the insets with the P values obtained with the use of the repeated-measures analysis. Panel C shows the effect on
plasma adiponectin levels, and Panel D shows the changes in adiponectin levels according to changes in body weight. P values correspond
to the mean differences between the rimonabant groups and the placebo group. The asterisk denotes P<0.001, and the dagger P=0.049.

To convert values for glucose to milligrams per deciliter, divide by 0.05551; to convert values for insulin to picomoles per liter, multiply by 6.

(r=-0.27, r=-0.30, and r=-0.26 in the placebo
group, the 5-mg rimonabant group, and the 20-mg
rimonabant group, respectively; P<0.001). How-
ever, 57 percent of the increase in adiponectin levels
observed in the group receiving 20 mg of rimona-
bant could not be attributed to weight loss (Fig. 2D).

N ENGL J MED 353;20 WWW.NEJM.ORG

Changes in adiponectin levels produced by rimon-
abant at a dose of 20 mg also positively correlated
with changes in levels of HDL cholesterol (r=0.27,
P<0.001) and apolipoprotein A-I (r=0.38, P<0.001).

Plasma leptin levels decreased significantly in
the groups receiving 5 mg of rimonabant (P=0.002)
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Table 3. Adverse Events.
Placebo Group 5-mg Rimonabant 20-mg Rimonabant

Event (N=342) Group (N=345) Group (N=346)
Adverse events — %*
Nasopharyngitis 21.6 26.4 19.4
Headache 15.8 15.4 15.3
Nausea 3.2 7.2 12.7
Dizziness 6.7 8.4 10.4
Influenza 5.3 6.1 9.5
Upper respiratory tract infection 9.9 8.7 8.7
Anxiety 3.8 29 8.7
Back pain 10.2 9.6 7.2
Diarrhea 4.1 6.4 7.2
Gastroenteritis 6.4 4.3 6.6
Insomnia 2.6 4.1 6.4
Arthralgia 9.6 7.0 5.5
Serious adverse events — no. (%)
Infections and infestations 1(0.3) 1(0.3) 2 (0.6)
Surgical and medical procedures 1(0.3) 0
Immune system disorders 2 (0.6)
Psychiatric disorders 1(0.3) 1(0.3) (0.3)
Nervous system disorders 2 (0.6) (0.6)
Eye disorders 0 (0.3) 0
Cardiac disorders 0 2 (0.6) 1(0.3)
Vascular disorders 1(0.3) 0
Gastrointestinal disorders 1(0.3) 3(0.9) 1(0.3)
Hepatobiliary disorders 0 2 (0.6 0
Musculoskeletal and connective-tissue disorders 1(0.3) 2 (0.6)
Renal and urinary disorders 0 1(0.3)
Reproductive system and breast disorders 0 2 (0.6) 1(0.3)
Investigations 0 1(0.3)
Injury, poisoning, and procedural complications 0 1(0.3)
Neoplasms: benign, malignant, and unspecified 0 3(0.9) 2 (0.6)

(including cysts and polyps)

and 20 mg of rimonabant (P<0.001) in a dose-
dependent fashion (Table 2). Plasma C-reactive
protein levels decreased by 0.9 mg per liter in the
group receiving 20 mg of rimonabant (P=0.020)
(Table 2).

The proportions of patients who had treatment-
related adverse events or serious adverse events
were slightly higher in the group receiving 5 mg of
rimonabant and the group receiving 20 mg of ri-
monabant than in the placebo group (treatment-
related adverse events: 82.3 percent, 86.7 percent,
and 81.6 percent, respectively; and serious adverse
events: 5.2 percent, 4.0 percent, and 2.3 percent,

respectively). There were no deaths in any of the
three groups. The treatment-related adverse events
reported in 5 percent or more of the patients in ei-
ther rimonabant group but more commonly among
those receiving 20 mg of rimonabant were (in order
of decreasing frequency) nausea, dizziness, influen-
za, anxiety, diarrhea, and insomnia; these occurred
early in the treatment period (Table 3). Overall dis-
continuation rates were similar in the three groups,
but more patients discontinued treatment because
of adverse effects in the group receiving 20 mg of ri-
monabant (Table 1) than in the other groups. The
most frequent adverse events resulting in discon-
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Table 3. (Continued.)
Placebo Group 5-mg Rimonabant 20-mg Rimonabant
Event (N=342) Group (N=345) Group (N=346)
Discontinuation — no. (%)
Patients who discontinued participation 24 (7.0) 29 (8.4) 52 (15.0)
Reason for discontinuation
Psychiatric disorders
Depression 2 (0.6) 6 (1.7) 10 (2.9)
Anxiety 2 (0.6) 1(0.3) 6(17)
Major depression 0 2 (0.6) 2 (0.6)
Irritability 2 (0.6) 1(0.3) 2 (0.6)
Aggression 0 1(0.3) 2 (0.6)
Depressed mood 0 0 2 (0.6)
Sleep disorder 0 0 2 (0.6)
Insomnia 2 (0.6) 1(0.3) 0
Nervous system disorders
Dizziness 0 2 (0.6) (0.9)
Amnesia 0 2 (0.6
Headache 3 (0.9) 1(0.3)
General disorders
Fatigue 3(0.9) 0 2 (0.6)
Gastrointestinal disorders
Nausea 2 (0.6 4(1.2)
Dyspepsia 1(0.3 2 (0.6)
Upper abdominal pain 2 (0.6)
Vascular disorders
Hypertension 1(0.3) 2 (0.6) 1(0.3)
Infections and infestations
Pneumonia 2 (0.6) 0 0

* Adverse events are included if they occurred in at least 5 percent of either rimonabant group. They are listed according

to preferred term.

T Serious adverse events are listed according to system organ class.

I Treatment-related adverse events are included if they occurred in at least 0.5 percent of any treatment group and resulted
in a request to discontinue participation in the study. Events are listed according to system organ class and then pre-
ferred term for the event. Patients may have had more than one type of adverse event that led to discontinuation.

tinuation in the groups receiving rimonabant at
5 mgand 20 mg, as compared with placebo, includ-
ed depression (1.7 percent and 2.9 percent, respec-
tively, vs. 0.6 percent); anxiety (0.3 percentand 1.7
percent vs. 0.6 percent); and nausea (0.6 percent
and 1.2 percentvs. 0 percent).

Values for laboratory safety measures linked to
obesity (i.e., levels of alanine aminotransferase,
aspartate aminotransferase, y-glutamyltransferase,
and uric acid) decreased with rimonabant at a dose
of 20 mg (data not shown). Other values for safety
measures included heart rate, systolic and dia-

stolic blood pressure, QTc, and scores for anxiety
and depression according to the hospital anxiety
and depression scales (Table 1), and all except for
blood pressure were similar in the three groups
during the study period. Decreases in systolic and
diastolic blood pressure with 20 mg of rimona-
bant were statistically significant (Table 2) and
were greater among patients with hypertension at
baseline (blood pressure, >140/90 mm Hg). For
the 20-mg rimonabant versus placebo groups,
the respective decreases in patients with hyperten-
sion were as follows: systolic pressure, 13.1+11.5
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vs. 7.2£10.7 mm Hg, P=0.038; and diastolic pres-
sure, 6.3£6.0 vs. 2.4+9.7 mm Hg, P=0.022. Finally,
there were no interactions between treatment as-
signment and sex (data not shown).

DISCUSSION

The NCEP-ATPIII report and the recently published
National Heart, Lung, and Blood Institute and
American Heart Association consensus report high-
lighted abdominal obesity as assessed by waist
circumference as an important cardiovascular risk
marker and the primary target for the treatment of
the metabolic syndrome.15:19 Few tools exist to
treat collectively the underlying pathophysiology in
high-risk, abdominally obese patients, and most
published obesity studies primarily enrolled pa-
tients who were at relatively low cardiovascular risk
(i.e., obese women not selected for the presence of
cardiovascular risk factors).2° In the recent RIO-
Europe study in obese patients, CB;-receptor block-
ade with rimonabant was found to reduce body
weight and waist circumference, improve plasma
glucose—insulin homeostasis, and produce a sub-
stantial increase in plasma HDL cholesterol levels
— a change that was greater than what could be
expected from weight loss alone.1# These findings
suggested a weight-loss—independent effect of ri-
monabant on metabolic risk that may be mediated
by the effect of rimonabant on adiponectin secre-
tion by fat cells, as reported in studies in animals.13

Our study explored further the effect of rimona-
bantin a high-risk population of patients with dys-
lipidemia who are overweight or obese, with a fo-
cus on metabolic risk markers such as the size of
LDL particles and levels of C-reactive protein and
adiponectin. As compared with placebo, rimona-
bant at a dose of 20 mg per day induced significant
weight loss and reduction in waist circumference,
suggesting a substantial mobilization of abdomi-
nal fat, which, by itself, would predict an improved
cardiovascular risk profile.21 Additional effects of
rimonabant at this dose, as compared with placebo,
included significant improvements in plasma tri-
glycerides, plasma HDL cholesterol, and the total
cholesterol:HDL cholesterol ratio, as well as chang-
es in LDL particle size, adiponectin levels, glucose
tolerance, fasting and post-challenge insulin lev-
els (markers for the risk of diabetes), and plasma
C-reactive protein levels and in the proportion of
patients meeting the NCEP-ATPIII criteria for the
metabolic syndrome.

Rimonabant had no effect on LDL cholesterol
levels. Patients with abdominal obesity and the
metabolic syndrome generally do not have elevated
levels of LDL cholesterol?? but, rather, express
the high triglyceride-low HDL cholesterol-small,
dense LDL dyslipidemia associated with insulin re-
sistance phenotype.23 Although the LDL cholester-
ol level itself powerfully predicts cardiovascular
risk,2* the metabolic risk profile of abdominal
obesity23:25 further increases the risk of coronary
heart disease for any level of LDL cholesterol.2¢ In
the RIO-Lipids study, the proportions of small and
large LDL particles were altered with rimonabant,
as compared with placebo, in the absence of any
change in LDL cholesterol levels.

Although patients who meet the NCEP-ATPIII
criteria for the metabolic syndrome have a distinct
cardiovascular disease risk-factor profile, the clini-
cal relevance of making the metabolic syndrome
a treatable target beyond classic risk factors has
been debated.2? Therefore, the clinical relevance of
reducing the proportion of patients meeting those
NCEP-ATPIII criteria for the metabolic syndrome
by the use of rimonabant can be questioned if it is
not accompanied by favorable changes in markers
for insulin resistance and abdominal obesity such
as glucose tolerance and levels of insulin, adiponec-
tin, and C-reactive protein, all of which, when ab-
normal, are linked to visceral obesity and the meta-
bolic syndrome.28:2° The results of the RIO-Lipids
study with regard to C-reactive protein are thus
consistent with the reported beneficial effect of
weight loss on inflammation.39:31 Whether the re-
duction in C-reactive protein levels will be additive
to or synergistic with the reduction in C-reactive
protein levels and the cardiovascular protection as-
cribed to statins and fibric acids32:33 remains to be
explored. Although regarded as the least prominent
component of the metabolic syndrome,34 hyper-
tension is more prevalentamong abdominally obese
patients with insulin resistance, and the condition
usually responds to weight loss.35 Rimonabant ata
dose of 20 mg reduced blood pressure overall, es-
pecially among patients with hypertension.

Finally, the results of the RIO-Lipids study pro-
vide evidence for a weight-loss—independent effect
of rimonabant on adiponectin levels. This finding
may be of clinical importance, since a high adi-
ponectin level has been reported to be predictive
of a reduced risk of diabetes and cardiovascular
events.3%37 Abdominal obesity is accompanied by
reduced adiponectin levels, and such hypoadipo-
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nectinemia is partly responsible for the low HDL
cholesterol levels in abdominal obesity.38 Since the
changes in adiponectin levels observed in the pres-
ent study correlated with changes in HDL choles-
terol and apolipoprotein A-I, the stimulation of
adiponectin production with CB;-receptor block-
ade could explain the consistent and weight-loss-
independent effect of rimonabant on HDL choles-
terol levels in the RIO-Europe and RIO-Lipids
studies.

In conclusion, although pharmacotherapy alone
will not eradicate the epidemic of obesity, this study

study was found to be concordant with the results
of the RIO-Europe study. Finally, the weight-loss—
independent effect of rimonabant on plasma adi-
ponectin levels is consistent with the reported in
vitro effect of this CB;-receptor blocker on adi-

ponectin production by adipose cells.
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