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Abstract

Purpose of review To review recent clinical evidence surrounding the use of cannabinoids
and cannabis in gastrointestinal diseases, particularly inflammatory bowel disease (IBD)
and functional gut disorders. A second aim is to evaluate the current status of gastroin-
testinal related adverse effects which have been linked to cannabis use, specifically
cannabis hyperemesis syndrome (CHS) and acute pancreatitis.
Recent findings Observational and prospective studies suggest that cannabinoids
improve IBD symptoms. Small prospective clinical trials have not shown any effects
on objective inflammatory findings, other than one recent paper in ulcerative
colitis, in abstract form only, which suggests endoscopic improvement. Short
duration mechanistic studies in functional gut disorders suggest cannabinoids
may attenuate gastric emptying and slow colonic motility but appear to have less
effect on sensory thresholds in the gut.
Summary In general, while mostly uncontrolled data suggests cannabis may improve
symptoms in IBD (and to a lesser degree functional gut disorders), this is not likely due
to any substantial anti-inflammatory effect. Much remains unknown about CHS etiology
and complete abstinence from cannabinoids remains the generally accepted treatment
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strategy. Population-based studies do not suggest that cannabis use is related to acute
pancreatitis. Further research is certainly warranted.

Introduction

Cannabis and cannabinoids have been used since time
immemorial for their medical and recreational proper-
ties. In recent years, medical research on cannabis has
increased substantially in conjunction with removal or
lowering of legal restrictions on its use. However, while a
biological rationale and animal data have existed for
some time suggesting beneficial effects of cannabis on
gastrointestinal related pain and slowing overactive mo-
tility [1], research confirming these effects clinically has
lagged behind.

The body makes its own endogenous cannabinoids
(anandamide and 2-arachidonoylglycerol) which exert
their effects predominantly through CB1 and CB2 recep-
tors that are widely distributed throughout the gastroin-
testinal tract and the nervous system (reviewed in [2•]).
This “endocannabinoid” system is an important physi-
ological regulator of gastrointestinal motility and is also
involved in modulation of intestinal inflammation and
visceral sensitivity. CB1 is expressed onmotor, secretory,
and sensory afferent neurons throughout the wall of the
gut and peripheral nervous system, and acute stimula-
tion of CB1 receptors causes a reduction of motility and
secretion mediated by those neurons. CB2 receptors are
predominantly located on immune cells and other neu-
rons in the epithelium and gut wall, and are upregulated
in inflammatory states. Stimulation of CB2 reduces in-
flammation and immune activation in vitro and in an-
imal studies (see Fig. 1).

Exogenous cannabinoids may be derived from the
Cannabis sativa plant or may be synthesized. The two
exogenous cannabinoids which are best understood and
are typically used to guide prescribing and recreational
purchases are delta-9 tetrahydrocannabinol (THC) and

cannabidiol (CBD). THC is associated with the psycho-
active and intoxicating effects of cannabis, whereas CBD
is not psychoactive on its own and appears to modulate
effects of THC.

In the USA, synthetic oral THC (dronabinol) has
been approved for loss of appetite and weight loss asso-
ciated with acquired immune deficiency syndrome as
well as nausea and vomiting caused by chemotherapy
since the 1980s [3]. In the last decades, many jurisdic-
tions in the USA and worldwide have also approved
cannabis products (derived from the naturally occurring
plant) for medical purposes, which commonly entail
gastrointestinal disorders. However, the vast majority
of these uses have not been formally tested for efficacy.
A lack of standardization of cannabis products, which
may contain hundreds of bioactive compounds, also
hampers research in the field. Finally, chronic use of
cannabinoids, particularly inhaled cannabis amongst
youth and young adults, has clearly shown risks of
causing or worsening mental health in addition to other
negative effects [4]. Thus, patients need to “watch their
head” as they step into the ambiguous treatment space
of cannabinoids for their gut.

Given this uncertainty and potential risks of
harm with chronic recreational use, a number of
national medical bodies have suggested that canna-
binoids should not be used first-line for gastrointes-
tinal related indications [5, 6]. Patients may ask
their gastroenterologist about the use of cannabi-
noids for their symptoms, or there may be concern
that chronic cannabis use may be contributing to
their symptoms. The most commonly encountered
situations are discussed below.

Cannabinoids and inflammatory bowel disease

Cannabinoids act as endogenous inhibitors of intestinal inflammation, modu-
lating immune cell function, promoting wound healing, and decreasing intes-
tinal permeability [2, 7, 8]. Pre-clinical data from animal models of colitis have
shown that both CB1 and CB2 receptor agonists, as well as THC and CBD, can
limit intestinal inflammation and disease severity [9]. Accordingly, there has
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been great interest in investigating the therapeutic role of cannabinoids in
inflammatory bowel disease (IBD).

The endocannabinoid system is altered in patients with active IBD, with
studies reporting both an increase as well as a decrease in endocannabinoid
tone [10]. Genetic polymorphisms in cannabinoid receptors have also been
associated with IBD. A CB2 receptor variant (R63) was found to convey in-
creased risk for developing IBD, along with increased disease severity in one

Fig. 1. Effects of cannabinoids in the gastrointestinal (GI) tract are mediated by CB1 and CB2. Cannabinoid receptors are widely
distributed in the GI tract. CB1 is expressed by all classes of cholinergic enteric neurons in the myenteric and submucosal plexuses
(primary afferent neurons [blue], interneurons [purple], secretomotor [yellow], and excitatory motor neurons [green], but not on
inhibitory motor neurons [red]). CB1 is also found on some enteroendocrine cells and in the epithelium. Extrinsic vagal and spinal
primary afferent neurons express CB1, which is regulated by feeding (vagal) and stress (spinal), respectively. CB2 is expressed by
enteric neurons and immune cells in the GI tract. Under conditions of inflammation and injury, CB2 is upregulated in the epithelium
and its function on enteric neurons increases. The effects of activating cannabinoid receptors in the GI tract in animal studies
include a reduction in motility, reduced inflammation, and reduced immune activation. Adapted from Sharkey et al. [2•].
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case-control study [11]. Another study demonstrated that single nucleotide
polymorphisms (SNPs) in the CB1 receptor modulated the susceptibility to
ulcerative colitis and altered the phenotype of patients with Crohn’s disease
[12]. SNPs in the endocannabinoid degradative enzyme fatty acid amide hy-
drolase (FAAH) were associated with earlier disease onset in ulcerative colitis
and increased disease severity in Crohn’s with associated fistulizing disease and
extraintestinal manifestations [13]. These data indicate that the
endocannabinoid system plays a role in IBD pathogenesis.

Patients with IBD often turn to complementary and alternative therapies to
treat their symptoms. Cannabis use in IBD is common, and a seminal paper
which used the National Health and Nutrition Examination Survey reported a
higher incidence of cannabis/hashish use in IBD patients (67.3%) when com-
pared to controls (60%) [14]. Patients report cannabis as helpful for the control
of abdominal pain and diarrhea as well as nausea and decreased appetite [14–
19]. Cannabis is generally well-tolerated in IBD, although prolonged cannabis
use (9 6 months) in Crohn’s diseasemay be associated with an increased risk of
surgery [15]. However, it is difficult to interpret whether this association is
causal or reflects cannabis use in patients with more aggressive disease [6, 15].
Taken together, cannabis use appears effective for symptom management in
IBD, although smoked cannabis may be detrimental in Crohn’s disease.

Observational studies of cannabinoids in patients with IBD have generally
shown positive outcomes regarding disease severity. An early retrospective
observational study of 30 IBD patients who consumed cannabis revealed a
significant decrease in the Harvey Bradshaw Index (HBI) after cannabis con-
sumption [20]. Similarly, a retrospective case-control study of Crohn’s disease
patients which analyzed data from the Healthcare Cost and Utilization Project-
National Inpatient Sample concluded that cannabis users had lower rates of
fistulizing disease, lower total parenteral nutrition requirements, and
underwent fewer colonic surgical resections [21], in contrast with data from a
previous patient survey [15]. Naftali et al. conducted a prospective observation-
al study of 127 IBD patients applying for a medical cannabis license. The
average HBI was significantly decreased over the follow-up periodwhile steroid,
immunomodulator, and thiopurine use were all significantly decreased follow-
ing cannabis consumption. However, 14% of patients discontinued their med-
ications without consulting the prescribing physician, which is extremely
concerning [22]. It should be noted that these observational studies do not
report objective indices of disease activity such as fecal calprotectin or endo-
scopic activity and thus should be interpreted with caution.

Very few randomized clinical trials of cannabinoids have been conducted in
IBD. Two small clinical trials have been conducted in Crohn’s disease. Naftali et al.
conducted a double-blinded randomized placebo-controlled clinical trial of 21
patients with moderate to severe refractory Crohn’s disease. Patients were ran-
domized to smoke cigarettes containing 115 mg of THC or “placebo” cigarettes
(without THC) twice daily for 8 weeks. Although there was no significant differ-
ence in the incidence of complete remission between groups, 10/11 patients in the
THC group vs 4/10 patients in the placebo group had a significant decrease in the
Crohn’s disease activity index (CDAI 9 100). No significant side effects were
reported and patients in the THC arm reported an improvement in sleep, pain,
and quality of life. However, no endoscopic measure of disease activity was
performed [23•]. The same group examined the effect of the non-psychoactive
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cannabinoid, CBD, in 20 patients with moderate to severe refractory Crohn’s
disease. Patients were randomized to receive oral CBD 10 mg twice daily or
placebo for 8 weeks. CBD had no effect on disease activity and no adverse side
effects were reported [24]. A recent Cochrane review considered both these studies
at high risk of bias [25]; further studies in larger cohorts are needed prior to
drawing any conclusion on the role of cannabinoids in active Crohn’s.

CBD was also evaluated in a trial in ulcerative colitis. In this relatively larger
study, 60 patients with mild to moderate ulcerative colitis were randomized to
placebo or 10 weeks of oral CBD in a “botanic extract” containing up to 5%
THC. The dose of the extract was escalated over the first 2 weeks of the trial to a
maximum of 500 mg/day. No differences were seen between groups in the rate
of clinical remission; a per-protocol analysis of the total and partial Mayo scores
favored CBDwhile secondary outcomes such as quality of life showed a trend to
improvement in patients given the CBD extract. However, 38% of patients in
the CBD group did not complete the trial and 90% of patients reported side
effects due to the poor tolerability of the extract [26]. Another study by Naftali
et al. in ulcerative colitis is only reported in abstract format [27]. A total of 28
patients with moderate ulcerative colitis were randomized to smoke cigarettes
containing 11.5 mg of THC or “placebo” cigarettes (without THC) twice daily
for 8 weeks. A significant improvement in the disease activity index was seen in
patients given THC. Importantly an endoscopic endpoint was included in this
trial and the Mayo endoscopic score was significantly improved in those that
received THC when compared to placebo [27]. A recent Cochrane review
considered the data from this last study at high risk of bias [28]; examination
of the published data is needed to fully judge the quality of the study.

In conclusion, although pre-clinical studies in rodent models have shown
great promise, no recommendations can be made on the use of cannabinoids
for the treatment of active IBD. Larger randomized placebo-controlled trials,
with examination of objective/endoscopic outcomes are needed.

Cannabinoids and functional gut disorders

Cannabis has historically been used as an anti-diarrheal and appetite stimulant.
A meta-analysis of randomized controlled trials of cannabinoid use for symp-
tom control found moderate-quality evidence to support the use of cannabi-
noids for the treatment of chronic pain, and low-quality evidence suggesting
that cannabinoids were associated with improvements in nausea and vomiting
due to chemotherapy and weight gain in human immunodeficiency virus
infection [29]. None of the chronic pain studies analyzed were for abdominal
or gastrointestinal related pain. The vast majority of these trials used oral
formulations of cannabinoids and adverse effects (typically mild) related to
cannabis were common.

More recently, a double blind randomized placebo-controlled trial of oral
THC vs placebo was evaluated in 65 patients with chronic abdominal pain due
to chronic pancreatitis or post-surgical pain [30]. THC doses were increased
over an introductory period up to 8 mg three times daily orally and the primary
outcome was pain severity change at the end of the study compared to baseline.
There were no significant differences between THC or placebo in pain scores or
quality of life at 50 days.
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A handful of mechanistic studies with cannabinoids in irritable bowel
syndrome (IBS) have been published in humans (reviewed in [31]). A crossover
study of 10 IBS and 12 healthy controls did not show any differences in rectal
sensitivity to barostat after single-dose 5 mg or 10 mg of THC vs placebo [32].
Wong et al. [33] also studied 75 IBS patients (35 IBS-D, 90% female) with
descending colon barostat, randomized to single dose of placebo, 2.5 mg, or
5.0 mg of dronabinol. In that study, dronabinol was found to decrease colonic
motility index and increased colonic compliance. However, it did not alter
sensation or tone. Effects were most pronounced in patients with diarrhea-
predominant or alternating IBS. A follow-up study by the same group of 36
mostly female patients with IBS-D randomized to placebo, 2.5 mg, or 5 mg of
dronabinol orally twice daily did not show any differences in gastric, small
bowel, or colonic transit by radioscintigraphy [34].

CB2 expression is upregulated in inflammatory states [2•]. CB2 receptor
mRNA and protein was recently shown to be increased in colonic mucosal
biopsies of IBS patients compared to asymptomatic controls [35]. Olorinab
(Arena Pharmaceuticals, Boston, MA), a peripherally restricted CB2 agonist, is
in phase 2 clinical trials for IBS-related pain [36].

In terms of gastric function, Esfandyari and colleagues evaluated cannabinoid
effects on upper gut function by randomizing 30 healthy volunteers to placebo or
dronabinol 5 mg orally twice daily for three doses [37]. There was an overall
slowing of gastric emptying with dronabinol compared to placebo. The effect was
stronger in females compared to males. There were no significant treatment
differences in gastric volumes, satiation testing, or scintigraphic small bowel or
colonic transit. Despite apparent slowing of gastric emptying in healthy volunteers,
observational [38] and uncontrolled open label data [39] suggest some symptom-
atic benefit of oral or inhaled cannabinoid in patients with gastroparesis.

Cannabis—gastrointestinal related adverse effects
Cannabinoid hyperemesis syndrome

A finding of severe vomiting episodes in some chronic cannabis users has been
noted in recent decades. First described in 2004 by Allen et al., cannabinoid
hyperemesis syndrome (CHS) is now defined by the Rome IV criteria as
stereotypical episodic vomiting, occurring in patients who consume cannabis
long-term, who experience symptom resolution with cannabis cessation, and
may be associated with pathologic bathing behavior [40, 41]. Chronic cannabis
use is the sine qua non of the diagnosis of CHS, and cannabis use of 9 4 times/
week for at least a year preceding the onset of cyclic vomiting is considered
necessary for the development of CHS. Symptom relief with hot baths is also
seen in cyclic vomiting syndrome (CVS); hence CHS may be a subset of CVS
[42]. On a population level, the relatively recent emergence of this disorder
appears to correlate with increased access to and THC concentration of potency
of cannabis, although the mechanism by which this occurs is unclear.

Cannabis inhibits centrally and peripherally mediated emesis via interac-
tions of THC with centrally-located CB1 receptors in the dorsal vagal complex
[43]. Why cannabis use is pro-emetogenic in CHS is incompletely understood,
but likely multifactorial. Downregulation of CB1 receptors in the central ner-
vous system of chronic cannabis users may impair the ability of the
hypothalamic-pituitary-adrenal axis to recover from stress, and cannabinoids
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have been shown to increase hypothalamic expression of corticotrophin-
releasing hormone and stress hormones (e.g., adrenocorticotropic hormone
and glucocorticoid); the combination of which may lead to dysregulation of
the sympathetic nervous system [44–46].

As previously mentioned, the endocannabinoid system has inhibitory
effects on gut motility. In humans, oral THC reduces gastric emptying and
patients with slow transit constipation have increased expression of en-
dogenous endocannabinoids and higher CB1 receptor expression [37, 47].
Transient receptor potential vanilloid 1 (TRPV1) receptors are co-expressed
on neurons alongside CB1 receptors throughout the gastrointestinal tract,
as well as the chemoreceptor trigger zone, and may exert anti-emetic effects
through depletion of substance P. Prolonged exposure to cannabis can
lead to dephosphorylation of TRPV1, receptor desensitization, and uncon-
trolled emesis [48]. TRPV1 is expressed in skin, and receptor activation
with elevated temperature (e.g., hot showers) or agonists (e.g., topical
capsaicin) may explain the apparent symptomatic improvement from
these therapies during attacks [49, 50].

Currently, complete cannabis abstinence has been the only reported approach
providing long-term symptom resolution [51]. It is unclear how long patients
must be abstinent for their symptoms to start improving, which can vary based on
the cyclical nature of attacks, as well as the propensity for THC to accumulate
within adipose tissue leading to a prolonged elimination half-life. Traditional anti-
emetics, such as anti-histamines (e.g., dimenhydrinate), serotonin 5-HT3 receptor
antagonists (e.g., ondansetron), and dopamine antagonists (e.g.,
metoclopramide), have proven minimally effective [52]. There is a dearth of
high-quality studies looking at the efficacy of specific pharmacologic agents as
prophylaxis or abortive therapy in CHS [53•]. Benzodiazepines have been report-
ed to be effective in case studies [53•]. Two prospective studies examined the role
of tricyclic antidepressants for long-term therapy in CVS; in both these studies,
patients who were reported to use cannabis had symptomatic improvement (74–
93% at 3 months) [54, 55]. However, these patients did not necessarily meet
defined criteria for CHS, and the concurrent cessation of cannabis use may be a
potential confounder. Due to a lack of rigorous studies on prophylactic and
abortive therapies in CHS, CVS therapies may be offered to patients with CHS;
however, there are specific therapies that show some promise on CHS.

Topical capsaicin shows promise as abortive therapy and has been described to
be effective in case reports and series, although the quality of data is low [56]. A
retrospective cohort study of 43 patients reported no significant reduction in the
length of stay in the emergency department with topical capsaicin, but the use of
topical capsaicin resulted in a fewer additionalmedication doses (4 vs. 3 doses, p =
0.015) and a numerical reduction in opioid use (166.5 vs. 69 mg oral morphine
equivalents) [57]. There may be a role for haloperidol in the acute and chronic
management of CHS, possibly through interactions between CB1 and dopamine
D2 receptors, although this has not yet been prospectively evaluated [53, 58].

Pancreatitis
The data for cannabis as a risk factor for acute pancreatitis is conflicting, with
case reports and series suggesting a link, and population-based studies suggest-
ing the opposite. Barkin et al reported 26 cases of cannabis-induced acute
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pancreatitis; in 69.2% of patients, development of acute pancreatitis correlated
with increased cannabis use, and recurrent acute pancreatitis temporally related
to cannabis use was seen in 57.7% of patients [59]. In a prospective study of 66
patients aged ≤ 35 years with acute pancreatitis, cannabis was the putative
etiology in 13% of cases, which was significantly higher than the 1% of patients
with acute pancreatitis in a comparative cohort of 243 patients aged 9 35 years
(p G 0.0001) [60]. Furthermore, in a retrospective study of 460 patients admit-
ted with an initial episode of acute pancreatitis, cannabis use was documented
in 10% patients diagnosed with idiopathic pancreatitis, with an overall preva-
lence of 2% in all patients with acute pancreatitis; however, cannabis use was
not associated with mortality, length of stay, or recurrence [61].

The potential pathogenesis of cannabis-induced pancreatitis remains un-
known, but ostensibly involves CB1 receptors which are present in pancreatic β
cells. In rodent models, CB1 receptor activation was shown to increase pancre-
atic tissue damage (through activation of serum pancreatic enzymes and in-
creased serum concentrations of pro-inflammatory interleukin-1β) [62], and
induceβ cell death (via activation of the pro-apoptotic protein, BCL2 associated
agonist of cell death) [63]. Conversely, a nonselective cannabinoid agonist
ameliorated pancreatitis in CB1 receptor-negative mice, ostensibly through
activation of CB2, preventing activation of pro-apoptotic kinases via inhibition
of pro-inflammatory cytokines (e.g., IL-6) [64].

Population-based studies have not suggested any significant risk of acute
pancreatitis with cannabis. Analysis of self-reported data from the National
Surveys on Drug Use and Health (2005–2007) involving 29,195 respondents
aged 35–49 showed no association between duration of cannabis use and
lifetime risk of pancreatitis, once controlled for confounders [65].

Cannabis use was actually shown to be protective in an analysis of the
National Inpatient Sample (NIS) database (2003–2013), where acute pancrea-
titis patients with exposure to cannabis (defined by ICD-9 coding) had signif-
icantly lower inpatient mortality (OR: 0.17 [0.06–0.53]) and were less likely to
develop systemic organ failure including acute kidney injury, acute respiratory
distress syndrome, and shock [66]. Further analysis from the NIS database
demonstrated that cannabis use was associated with a decreased incidence of
acute pancreatitis and chronic pancreatitis (aOR: 0.50 [0.48 to 0.53] and 0.77
[0.71 to 0.84] respectively), in patients with a history of alcohol abuse [67].

Hence, while the link between cannabis use and pancreatitis is poorly
defined and warrants further investigation, a thorough history querying canna-
bis use may shed light on patients with otherwise unexplained pancreatitis.

Summary and future directions
In general, while substantial observational data suggests cannabis improves symp-
toms in IBD, prospective experimental data (other than a preliminary observation
in abstract form) does not support any material improvement in inflammation
based on studies to date. This may not be surprising given the burden of inflam-
mation seen in active IBD patients, many of whom have not responded to much
stronger anti-inflammatory medications such as steroids in those trials.

Mechanistic studies in functional gut disorders suggest probable effects on
slowing gastric emptying and reducing colonic contractile activity, but the
magnitude of these effects appears modest in short-term dosing. Although
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sensory thresholds were not changed, it remains likely that cannabinoids, like
other neuromodulator medications, may take some time to work; single or a
few doses may not be enough to show changes in sensation, let alone achieve
steady state kinetics. Despite the traditional use for cannabis as an anti-diarrhe-
al, its known anti-cholinergic effects, and the positive symptomatic benefits in
IBD, it remains surprising that it has not yet been prospectively studied in IBS.

In the vast majority of cases, gastroenterologists at present are more likely to
ask patients to stop cannabis rather than prescribing it for them. Chronic canna-
bis use may cause CHS, in addition to other non-gastrointestinal related adverse
effects [4]. The risk of pancreatitis, however, appears to be less of a concern. In any
case, the prudent approach would be to suggest abstinence where cannabis use is
felt to be linked to symptoms. Until then, clinicians can encourage lower-risk
cannabis use advice for their patients (such as avoiding daily use and using lower
THC formulations if abstinence cannot be achieved) [4].

For both IBD and functional disorder research, many aspects of cannabinoid
use still need to be determined. Ideal dosing and duration, and balancing desired
clinical effects against intoxicating psychoactive effects, in particular are major
considerations. Cannabis is also in the unusual position of being simultaneously
available for both medical and recreational use in many places, which further
affects the ability to conduct research. Considerable headwinds to larger scale
trials still exist, mostly based on legal and intellectual property considerations.
Despite that being the case, promise still exists for the use of cannabinoids in
gastrointestinal related gut function and more research is warranted.
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