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INTRODUCTION

Irritable bowel syndrome 
(IBS) is the most common 
functional gastrointestinal 
(GI) disorder characterized by 
abdominal pain and changes in 
bowel habits. Different subtypes 
of IBS are most prevalent: 
const ipat ion predominant 
(IBS-C), diarrhea predominant 
( IBS-D)  and  a l ter nat ing/
mixed IBS (IBS-M). A recent 
meta-analysis estimated global 
prevalence of IBS at 11.2% [1]. 
However, the actual prevalence 
varies in different countries and 
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ABSTRACT

Background & Aims: Irritable bowel syndrome (IBS) is one of the most common functional gastrointestinal 
(GI) disorders characterized by pain and impaired bowel movements. Currently available drugs show limited 
efficacy. Cannabinoid 1 receptor (CB1) inverse agonists (CB1-RAN) cause diarrhea and may be candidates 
for the treatment of constipation-predominant IBS (IBS-C). We evaluated the effects of CB1-RAN in clinical 
trials for their potential use in IBS-C.
Methods: Database search identified all clinical trials published up to May 2018 that reported rimonabant and 
taranabant treatment for at least one month and detailed the GI adverse events (AEs). Categorical outcomes 
(subgroups of AEs) were analyzed using the odds ratio (OR).
Results: Eighteen trials met the inclusion criteria. Rimonabant 20 mg produced significantly more overall 
AEs (OR=1.35, CI: 1.19–1.52, p<0.0001), psychiatric events (OR=1.79, CI: 1.46–2.21, p<0.001) and GI 
AEs (OR=2.05, CI: 1.65–2.55, p<0.001) compared to placebo. Taranabant at doses ranging from 0.5 to 8 
mg produced significantly more overall AEs (OR=1.36, CI: 1.13-1.64, p<0.002), psychiatric AEs (1.82, CI: 
1.54–2.16, p<0.001) and GI AEs (OR=1.75, CI: 1.29–2.37, p<0.001) compared to placebo.
Conclusions: The approach to target CB1 in the gut for the treatment of IBS-C or chronic constipation 
seems a promising therapeutic option. Prospective clinical trials on the possible targeting of CB1 and the 
endocannabinoid system are warranted.

Key words: irritable bowel syndrome – cannabinoid 1 receptor inverse agonists – rimonabant – taranabant.

Abbreviations:  AE: adverse event; CB: cannabinoid receptor; CB1-RAN: cannabinoid 1 receptor inverse 
agonists; GI: gastrointestinal; IBS: irritable bowel syndrome; IBS-C: constipation predominant IBS; IBS-D: 
diarrhea predominant IBS; IBS-M: alternating/mixed IBS; OTC: over the counter; RCT: randomized controlled 
trial; TEAE treatment emerged AE. 

in the diagnostic criteria used. Also, owing to the fact that a 
group of patients with milder symptoms do not report their 
signs to the physician, the overall prevalence of IBS may be 
much higher.

Diagnosis of IBS is based on symptoms and, according 
to Rome IV criteria [2], entails recurrent abdominal pain 
occurring at least one day a week on average during the 
preceding three months, associated with at least two of the 
following: pain related to defecation, changes in defecation 
or bowel habits or changes in stool consistency. Currently 
available drugs are of limited value and future potent drugs 
are urgently needed [3]. Chronic constipation is diagnosed 
based on exclusion of any organic disease.

In IBS-C, over-the-counter (OTC) drugs such as osmotic 
or stimulant laxatives, fiber, and prokinetics are used for 
first-line therapy, but a large proportion of patients remain 
symptomatic. Newer pharmacological agents such as lubiprostone, 
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methylnaltrexone, prucalopride, linaclotide and naloxegol exhibit 
superiority to placebo in relieving constipation, but they are not 
free of adverse events (AEs) such as abdominal pain or diarrhea 
[4]. Recently, cannabinoid receptor (CB) inverse agonists have 
become potential candidates for treatment of IBS-C. In line, our 
group has shown that taranabant, a CB1 inverse agonist (CB1-
RAN) increased intestinal transit in preclinical studies [5].

Taranabant, along with rimonabant has been tested in 
numerous clinical trials as potential anti-obesity drugs with 
good efficacy. Although rimonabant was withdrawn from the 
market and phase III trials with taranabant were terminated 
due to serious psychiatric AEs [6], the approach to block 
CB receptors in GI pathologies with constipation remains 
open. For instance, alleles polymorphisms in the CB1 gene 
(CNR1) were found to be significantly associated with IBS 
in Korean population [7]. Also, patients with IBS exerted 
changes in plasma levels of certain endogenous cannabinoids 
such as anandamide, 2-arachidonyloglycerol (2-AG), 
oleoylethanolamide and palmitoylethanolamide as presented 
in a study by Fichna et al. [8]. Furthermore, mRNA level of 
fatty acid amide hydrolase was lower in patients with IBS-D. 
Finally, CB agonist dronabinol reduced colonic motility in 
healthy human volunteers in a randomized, placebo-controlled 
study [9]. All the above support the potential implication 
of an endogenous cannabinoid system in regulating bowel 
movements and imply that peripherally restricted drugs 
without central side effects may be an option in the treatment 
of constipation issues.

In this systematic review and meta-analysis, we assessed 
AEs of rimonabant and taranabant from the available 
randomized clinical studies to evaluate their potential use in 
IBS-C. By focusing our meta-analysis on GI effects of non-
selective CB1-RAN, we set the stage for further research of 
more selective compounds.

METHOD

Inclusion/exclusion criteria and extracted data
All clinical randomized controlled trials (RCTs) that 

included rimonabant and taranabant (at any dosage) treatment 
for at least one month and reported any GI side effects for 
both, treatment and placebo groups were considered. Studies 
published in abstract form were eligible if sufficient data 
were provided to assess the quality of the study and reported 
outcomes. RCTs with patients in an active treatment arm 
receiving rimonabant or taranabant compared to a control arm 
of patients receiving placebo or another active therapy were 
appraised for inclusion.  There were no exclusions based on the 
type and dose of the rimonabant or taranabant intervention. 
Studies were excluded if: (i) they were review articles, (ii) they 
were drug comparison studies (iii) the study lasted for less than 
one month, (iv) the study assessed the single dose regimen. For 
each included study, two investigators independently extracted 
the essential information: the name of the first author, year of 
publication, number of participants (patients and controls), 
dose of studied drug, duration of the therapy and specific AEs: 
GI, psychiatric, neurological, cardiac, vascular and overall 
reported events. A few authors were asked for missing data, 
which were required in this review.

The outcomes that we analyzed were categorized as:  
any AEs, any GI AEs (nausea, vomiting and diarrhea), 
discontinuation due to GI event, any psychiatric AE, any other 
(cardiovascular, neurologic) AE.

Literature search strategy
The following electronic databases were searched: 

MEDLINE (January 2000 to December 2017, EMBASE 
(January 2000 to December 2017), Cochrane Central Register 
of Controlled Trials (2000-2017), ongoing trials were identified 
from the registry http://ClinicalTrials.gov. A manual search of 
reference lists of studies and review articles was performed. 
The following search terms were used: (“Rimonabant” OR 
“Taranabant”) in combination with filters: “Randomized 
Controlled Trial”; “Human”; respective years considered. The 
search was complemented by a manual search of the bases. 
The final set from each search was combined and reviewed 
for duplications.

Study selection
All identified citations were reviewed independently by 

two authors (M.S. and A.F.) to screen for potential trials to 
be included in the final review. The authors (M.S. and A.F.) 
independently assessed the full text articles of all potentially 
relevant trials. Articles that were published in abstract form 
only were considered if sufficient details were provided to assess 
the methodology and reported outcomes. Any disagreement 
was resolved through discussion and consensus. The risk of 
bias of individual study was assessed by A.F. and M.W. using 
the following components: randomization process, deviations 
from intended interventions, incomplete outcome data, 
measurement of the outcome, selection of the reported results 
[10]. Any disagreements were resolved by discussion. 

Data analysis
The calculations were performed with the use of Statistica 

version 13.0 with the Analytical Toolkit for meta-analysis and 
meta-regression (Statsoft, Inc., Tulsa, OK, USA; Statsoft Polska, 
Krakow, Poland). We calculated dichotomous variables using 
an estimation of odds ratio (OR) with 95% confidence interval 
(CI). We used a random effect model because the involved 
studies were drawn from populations that differ from each 
other in ways that could impact on the treatment effect. A p 
value less than 0.05 was considered as statistically significant. 
Study heterogeneity was determined using the I2 statistic (the 
variability in the effect results from heterogeneity rather than 
sampling error) and the Q-statistic (p<0.05 was considered 
significant and suggested statistical heterogeneity). I2>50% and 
I2<25% indicate large and small inconsistency, respectively [11]. 
Due to the limitation and potential misleading information 
from the funnel plots reported in literature, we did not use 
them to assess for publication bias in this review [12].

RESULTS

Basic description of the search
The study selection process is shown in Fig. 1. A total of 232 

records were found through an initial search of the databases 
from which 214 were excluded. In total, 18 studies fulfilled 
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our inclusion criteria [13–30]. The basic characteristics of 
the included studies are described in Table I. Two doses of 
rimonabant were repeatedly reported in the studies: 5 or 20 mg; 
taranabant was sparsely administered in doses ranging from 
0.5 to 8 mg. All studies were of at least acceptable quality, five 
studies were appraised as ‘questionable quality’, and no high 
risk of bias were noticed (Fig. 2). Authors agreed to implement 
the five mentioned studies in the meta-analysis. Also, pooled 
analysis of unpublished data from three studies was included 
[16]. Authors decided to exclude one large study [31] due to 
the premature discontinuation of this trial.

Nine studies assessed the efficacy of CB1-RAN to induce 
weight change [13-15, 17, 24–27, 29], two trials searched the 
efficacy of CB1-RAN to change hemoglobin A1c level [20, 
22], one study assessed both these features [28], two studies 
addressed the efficacy of CB1-RAN in smoking cessation [16, 
30]. Some effects were studied each one in one trial: atheroma 
reduction [18],  alcohol dependence [19], change in lipid profile 
[21] and carotid intima-media thickness [23]. Two papers 
described the same study (RIO-Europe) and assessed the 
efficacy of rimonabant to induce weight change over the period 
of 1 year [32] and after 2 years [17]. We decided to include 
only the results of the latter, because the same population was 
included in both studies.

Safety
Overall adverse events
In our meta-analysis, a total of 3038 patients received 5 mg 

of rimonabant vs 2391 patients in the placebo group, in 5035 
patients were administered 20 mg rimonabant vs 4138 patients 
in the placebo group, and 3300 patients received any dose of 
taranabant vs 1239 patients in the placebo group.

Overall, OR for producing any AEs for rimonabant 5 mg 
was not significantly higher compared with placebo (OR=1.04, 

CI: 0.91–1.19, p=0.52, Fig. 3A). Conversely, patients treated 
with 20 mg of rimonabant produced significantly more AEs 
compared with a placebo (OR=1.35, CI: 1.19–1.52, p<0.0001, 
Fig. 4A). Taranabant at any dose produced significantly more 
AEs compared with a placebo (OR=1.36, CI: 1.13–1.64, p< 
0.002, Fig. 5A).

Psychiatric adverse events
Psychiatric AEs in patients taking 5 mg of rimonabant 

occurred non-significantly more often in the treated group 
compared to placebo (OR=1.05, CI: 0.88–1.24, p=0.59, Fig. 

Fig. 1. Process of literature search, selection and exclusion.
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Table I. Basic characteristics of the studies included in the meta-analysis, provided with the Jadad score.

Authors (Year) 
[Ref #]

Numbers of subjects 
studied

Length 
(weeks)

Primary outcome Double-
blinding

Randomization 
and concealment 

of allocation

Description of 
withdrawals 

and dropouts

Jadad 
score

Després (2005) 
[13]

Placebo = 342                 
Rimonabant 5 mg = 345

12 Weight change Yes Described Yes 5

Scheen (2006) 
[14]

Placebo=348                                    
Rimonabant 5 mg = 358 
Rimonabant 20 mg = 339

48 Weight change Yes Described Yes 5

Pi-Sunyer 
(2006) [15]

Placebo= 607                            
Rimonabant 5 mg = 1214 
Rimonabant 20 mg = 1219

48 Weight change Yes Described Yes 5

Robinson 
(2006) [16]

Placebo = 789                
Rimonabant 5mg = 518 
Rimonabant 20mg = 790

48 Smoking abstinence Yes Described No 3

Van Gaal 
(2008) [17]

Placebo = 168                     
Rimonabant 5 mg = 363 
Rimonabant 20 mg = 355

96 Weight change Yes Described Yes 5

Nissen (2008) 
[18]

Placebo = 417                          
Rimonabant 20 mg = 422

72 Change in the percentage of 
atheroma volume

Yes Described Yes 5

Soyka (2008) 
[19]

Placebo = 127                 
Rimonabant 20 mg = 131

12 Time to first drink and the time to 
relapse to first heavy drinking

Yes Not described Yes 3

Rosenstock 
(2008) [20]

Placebo = 140                
Rimonabant 20 mg = 138

24 Hemoglobin A1C change Yes Described Yes 5

Després (2009) 
[21]

Placebo = 395                      
Rimonabant 20 mg = 404 

48 Change in HDL-C and 
triglyceride

Yes Described Yes 5

Hollander 
(2010) [22]

Placebo = 179                                 
Rimonabant 20 mg = 187

48 Hemoglobin A1C change Yes Described No 4

O’Leary (2011) 
[23]

Placebo = 335                      
Rimonabant 20 mg = 325

30 Absolute change in averaged per 
patient carotid intima-media 
thickness

Yes Described Yes 5

Pataky (2013) 
[24]

Placebo = 146                   
Rimonabant 20 mg = 143

48 Weight change Yes Described Yes 5

Addy (2008) 
[25]

Placebo = 105                            
Taranabant 0.5 mg = 106        
Taranabant 2 mg = 109 
Taranabant 4 mg = 105     
Taranabant 6 mg = 108

12 Weight change Yes Described Yes 5

Proietto (2010) 
[26]

Placebo = 209                
Taranabant 0.5 mg = 207  
Taranabant 1 mg = 208 
Taranabant 2 mg = 417

52 Weight change Yes Described Yes 5

Aronne (2010) 
[27]

Placebo = 417                       
Taranabant 6 mg = 414 
Taranabant 4 mg = 415

104 Weight change Yes Unclear Yes 4

Kipnes (2010) 
[28]

Placebo = 156                
Taranabant 0.5 mg = 155 
Taranabant 1 mg = 157 
Taranabant 2 mg = 154

52 Change in body weight and 
Hemoglobin A1c

Yes Unclear Yes 4

Wadden (2010) 
[29]

Placebo = 194                
Taranabant 0.5 mg = 195 
Taranabant 1 mg = 196 
Taranabant 2 mg = 195

63 Weight change Yes Not described No 3

Morrison 
(2010) [30]

Placebo = 158          
Taranabant 2-8 mg = 159

8 Smoking abstinence Yes Described Yes 5

3B). The dose of 20 mg of rimonabant produced significantly 
more psychiatric AEs than placebo (OR=1.79, CI: 1.46–
2.21, p<0.001, Fig. 4B). Taranabant at any dose produced 
significantly more psychiatric AEs than placebo (OR=1.82, 
CI: 1.54–2.16, p<0.001, Fig. 5B).

Gastrointestinal adverse events
Overall GI AEs were non-significantly more frequently 

reported in patients treated with 5 mg of rimonabant compared 
to a placebo (OR=1.14, CI: 0.95–1.37, p=0.16, Fig. 3C). 
Similarly, specific GI AEs were not-significantly higher in the 
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Fig. 3. Forest plots of adverse events reported in studies with rimonabant 5 mg vs. placebo. A) overall AEs, B) 
psychiatric AEs, C) GI AEs, D) diarrhea, E) nausea, F) vomiting. OR: odds ratio, LCI and UCI: lower and upper 
confidence interval

rimonabant 5 mg treated group compared to placebo: diarrhea 
(OR=1.25, CI: 0.96–1.62, p=0.09, Fig. 3D), nausea (OR=1.27, 
CI: 0.97–1.65, p=0.07, Fig. 3E) and vomiting  (OR=1.30, CI: 
0.74–2.30, p=0.35, Fig 3F).

Rimonabant in a dose of 20 mg produced significantly more 
GI AEs than a placebo (OR=2.05, CI: 1.65–2.55, p<0.001, Fig. 
4C). Accordingly, specific GI AEs were more frequent in the 
treated group compared to a placebo: diarrhea (OR=1.51, CI: 
1.25–1.81, p<0.001, Fig. 4D), nausea (OR=2.95, CI: 1.81–4.67, 
p<0.001, Fig. 4E) and vomiting (OR=2.54, CI: 1.82–3.54, 
p<0.001, Fig. 4F).

Taranabant at any dose produced significantly more 
overall GI AEs compared to the placebo group (OR=1.75, CI: 
1.29–2.37, p<0.001, Fig. 5C). A similar pattern was observed 
for specific GI AEs. Patients treated with taranabant at any dose 
had diarrhea significantly more often (OR = 1.94, CI: 1.49–2.52, 
p<0.001, Fig. 5D), nausea (OR=3.17, CI: 1.98–2.05, p<0.001, 

Fig. 5E) and vomiting (OR=2.54, CI: 1.82–3.54, p<0.001, Fig. 
5F) compared to a placebo.

Other adverse events
Additional forest plots comparing the neurological, cardiac 

and vascular side effects in treated groups and placebo can be 
found in supplementary files. These AEs were non-significantly 
more common in rimonabant 20 mg (OR=1.15, CI: 0.95–1.40, 
p=0.15) and taranabant (OR=1.18, CI: 0.88–1.58, p=0.25) 
groups when compared to placebo. Interestingly, patients 
taking rimonabant 5 mg presented non-significantly fewer AEs 
when compared to a placebo (OR=0.96, CI: 0.78–1.20, p=0.73).

DISCUSSION

In several clinical RCTs the CB1-RAN, rimonabant 
and taranabant were shown to exert significantly more AEs 
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Fig. 4. Forest plots of adverse events reported in studies with rimonabant 20 mg vs. placebo. A) overall AEs, B) 
psychiatric AEs, C) GI AEs, D) diarrhea, E) nausea, F) vomiting. OR: odds ratio, LCI and UCI: lower and upper 
confidence interval.

compared to a placebo. In our study, we analyzed the specific GI 
events for both compounds, reported in RCTs in light of their 
potential use for the treatment of constipation. The rationale 
for this was that in preclinical studies CB1-RAN increase GI-
motility and GI transit [5]. However, despite the promising 
results in animal studies, no human RCT supports our thesis. 
The results of the present meta-analysis indicate that patients 
treated with rimonabant or taranabant experienced more GI 
AEs such as diarrhea, nausea, vomiting compared to a placebo 
and that this effect was dose-dependent.

Cannabinoid receptors 1 are mostly expressed throughout 
the central and peripheral nervous system but they were also 
found in several other organs such as liver or GI epithelial cells 
[33]. Activation of CB1 inhibits GI transit through peripheral 
and central receptors [34]. The CB1-RAN rimonabant and 
taranabant exerted great efficacy in reducing weight in 
clinical trials. However, the phase III studies were suspended 

and rimonabant was eventually withdrawn from the market 
due to the serious psychiatric AEs including depression and 
suicidal intentions [35]. Nevertheless, other applications of 
CB1-RAN are being investigated. Most appealing seems to 
be the utilization of CB1 as a target in diseases with impaired 
motility such as IBS and chronic constipation. Our group 
showed that taranabant administered intraperitoneally in 
the doses of 0.1–3 mg/kg significantly increased GI transit in 
mice counted as a rate of the passage of the marker through 
the GI tract and the effect was dose-dependent; importantly, 
the stimulatory action of taranabant was also observed after 
oral administration in the dose of 3 mg/kg [5]. Moreover, the 
decrease in the total number of pain behaviors in acetic acid- 
and mustard oil-induced mouse models of pain was seen after 
the administration of taranabant at the dose of 1 mg/kg i.p. 
and 3 mg/kg p.o. Thus, both features of IBS-C could be treated 
with CB1-blocking agents. Notably, our group noticed no 
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antidepressant-like activity in mice at these doses suggesting 
that low doses of taranabant does not induce undesired drug 
effects even after the systemic administration. As chronic 
constipation per se does not produce a significant pain or any 
mental issues, the results are only more encouraging. Indeed, 
studies already have addressed the endocannabinoids in the 
treatment of constipation. Bashahati et al. [36] found that 
by inhibiting diacylglycerol lipase-α, enzyme involved in 
biosynthesis of 2-AG, fecal output in genetically constipated 
mouse strain is normalized.

The major strength of our meta-analysis is that it showed 
that CB1-RAN influenced GI motility in patients compared to 
a placebo and this effect was dose dependent for rimonabant. 
Results regarding specific GI AEs supports our hypothesis 
that blockage of CB1 may be regarded as a potent therapeutic 
target in constipation. These results might serve as a prelude 
for further human studies. It has to be noted that the chronic 
nature of IBS often needs a medium or long-term treatment 

thus a longer use of such drugs has to be determined. Our 
meta-analysis showed that the occurrence rate of rimonabant-
induced AEs increased with the dose used (5 mg OR=1.26, 
CI: 1.11-1.44 vs. 20 mg OR=1.39 CI: 1.25-1.55) and that GI 
AEs occurred more often than psychiatric AEs for both doses 
(1.14 vs 1.05 for 5 mg of rimonabant and 2.05 vs 1.79 for 20 
mg of rimonabant, respectively). Hence, it might be possible to 
acquire a dose at which CB1-RAN act on GI tract exclusively 
with a minimal action within the central nervous system. 
A more promising approach would be the development of 
peripherally restricted compounds since central CB1 action 
is not needed for the treatment of constipation and such 
compounds would be free of central psychiatric side effects.

Our meta-analysis has several limitations. The most 
prominent limitation refers to the discrepancies in the 
threshold of reporting the occurrence rate of AEs among the 
studies. The percentage of events occurring in the trials to be 
considered as an AE varied from 1 to 5%. Also, some studies 

Fig. 5. Forest plots of adverse events reported in studies with taranabant vs. placebo. A) overall AEs, B) psychiatric AEs, 
C) GI AEs, D) diarrhea, E) nausea, F) vomiting. OR: odds ratio, LCI and UCI: lower and upper confidence interval
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distinguished treatment with emerged AEs (TEAEs) and 
general AEs. We attempted to obtain the TEAEs rather than 
the general AEs but it was not always possible. However, we did 
not split the results in regard to the AEs reporting threshold 
as the assessment of trial methodologies was not our goal and 
it would have made the results illegible. The exclusion of one, 
large study [31] can be regarded as a major drawback, but we 
felt that this might have included incomplete data since the 
respective study was early terminated and aborted. However, 
the ORs for GI and psychiatric AEs were comparable between 
the results of meta-analysis and the excluded study [31]: 
OR=1.66, 95% CI: 1.55-1.77 and OR=1.75, 95% CI: 1.64-1.87, 
accordingly. Initially, we wanted to assess the AEs occurring in 
the taranabant users in relation to the dose used, but there were 
only a few (six) studies evaluating the efficacy of taranabant 
and the doses used were too sparse. We decided to consider 
all patients taking any dose of taranabant in each study as one 
group. Lastly, we acknowledge that our methodology lacks 
the opportunity to completely assess the patients and their 
symptoms which they reported across the studies. Namely, we 
do not know the overlap of patients’ reports of specific AEs; for 
instance, if the patients with constipation also reported other 
AEs such as nausea, psychiatric events, etc. Addressing these 
issues would shed light on dose-effect relationships and how 
to avoid certain ‘undesired effects’. Nonetheless, the possible 
connections between the reported AEs were not in the scope 
of our study and further studies including CB1-RAN must 
answer these questions.

CONCLUSION

The approach to target CB1 in the gut, namely in IBS-C or 
chronic constipation, seems a promising treatment option. The 
results of our meta-analysis supports recent reports on their 
motility effects from pre-clinical studies. Further clinical trials 
on the possible use of CB1 and the endocannabinoid system in 
the treatment of IBS-C or chronic constipation are warranted.
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Supplementary Fig. 1. Forest plots of neurological, cardiac and vascular adverse events reported 
in studies with rimonabant 5mg (A), 20 mg (B) and taranabant (C) vs. placebo. OR: odds ratio, LCI 
and UCI: lower and upper confidence interval


