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Abstract
Ulcerative colitis (UC) is a chronic inflammatory process that is occasionally associated with complications that cause significant
morbidity and mortality. Studies in experimental animal models have demonstrated a beneficial effect of cannabis on intestinal
inflammation. It is however unknown if this corresponds to fewer complications for patients with Ulcerative Colitis.
We aimed to compare the prevalence of UC related complications and certain key clinical endpoints among cannabis users and

nonusers hospitalized with a primary diagnosis of UC, or primary diagnosis of a UC-related complication with a secondary diagnosis
of UC.
Using data from the Healthcare Cost and Utilization Project-National Inpatient Sample (NIS) during 2010–2014, a total of 298

cannabis users with UCwere compared to a propensity scorematched group of nonusers with UC.We evaluated several UC-related
complications and clinical endpoints.
Within our matched cohort, prevalence of partial or total colectomy was lower in cannabis users compared to nonusers (4.4% vs

9.7%, P= .010) and there was a trend toward a lower prevalence of bowel obstruction (6.4% vs 10.7%, P= .057). Cannabis users
had shorter hospital length-of-stay (4.5 vs 5.7days P< .007) compared to their nonuser counterparts.
Cannabis use may mitigate some of the well described complications of UC among hospitalized patients. Our findings need further

evaluation, ideally through more rigorous clinical trials.

Abbreviations: CBD = cannabinoid, HCUP = health care utilization project, ICD = international classification of disease, NIS =
national inpatient sample, THC = tetrahydro cannabinoid, UC = ulcerative colitis, USA = United States of America.
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1. Introduction

Ulcerative colitis (UC) is a chronic, relapsing, immune-mediated
disorder that affects mainly the colon, causing abdominal pain,
bloody diarrhea, and weight loss.[1] The estimated prevalence of
UC is about 263 cases per 100,000 persons among adults and 34
cases per 100,000 persons among children and adolescents (<20
years).[2] The cost of inpatient care is a significant contributor to
the overall health care costs for UC patients. Between 1998 and
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2004 total inpatient charges attributable to UC within the United
States rose from $592 to $945million per year.[3]

While the definite cause of UC remains unknown, literature
converges on the idea that the disease process is as a result of a
combination of genetic and environmental factors, as well as a
dysregulation of the intestinal immune system.[4,5] Conventional
therapy for UC involves the use of 5-aminosalicylic acid,
corticosteroids, azathioprine, 6-mercaptopurine, antitumor ne-
crosis factor agents, cyclosporine, and other more recently
approved agents (vedolizumab and tofacitinib).[6,7] While
conventional treatments may be effective in maintaining
remission, these treatments have side effects and a significant
proportion of patients with UC are resistant to biologic therapy
or high doses of standard therapies and patients often look for
other alternative treatment.[8]

As of November 2016, more than 50% of states in the United
States allowed physicians to prescribe cannabis to patients.[9]

Also, population-based studies show that the likelihood of
cannabis use is higher among individuals with IBD compared to
their counterparts without IBD.[10] Together, broad interest in
cannabis as an alternative treatment option for IBD and
availability of cannabis legally in the United States highlight
the need to better understand the effects of cannabis use on UC
outcomes. Thus, we analyzed data from the National Inpatient
Sample database to evaluate the association between cannabis
use and complications related to UC.
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2. Methods

2.1. Cohort and variables

The present study is a population-based cohort study based on
the healthcare cost and utilization project’s (HCUP) National
Inpatient Sample (NIS) dataset. We extracted five years of data,
calendar years 2010 through 2014. The NIS is a yearly survey of
20% of total admissions from more than 4000 hospitals across
over 30 states in the United States and the District of Columbia.
The NIS has been validated in several studies to provide reliable
estimates of disease and comorbidity prevalence among inpatient
admissions in the United States.[11]

In the present study,we analyzed the inpatient data for a cohort
of patients with UC by either primary diagnosis code: 556.x; or
well-documented complications of UC (i.e., intestinal perfora-
tion, active fistulizing disease and intraabdominal abscess, bowel
obstruction, anemia, malnutrition, gastrointestinal hemorrhage,
and dehydration), and a secondary diagnosis of UC (ICD9 codes
as in Supplementary Table S1). We also compared the average
duration of hospital stay among cannabis users and nonusers.
The same criteria for Ulcerative Colitis disease cohort have been
used in prior studies, albeit with different clinical outcomes.[12]

Cannabis use was defined by ICD-9-CM codes 304.3, 304.3x,
and 305.2x: as either mild (nondependent use) or moderate/
severe (dependent use), which has also been used in previous
studies.[13] To minimize potential confounders, we excluded
patients with a diagnosis of abuse of other substances including
opioid, amphetamine, psychostimulants, cocaine, sedative,
antidepressant, and hallucinogens while retaining patients that
use tobacco and alcohol. We retained tobacco and alcohol use to
assess the effect between these common substances and cannabis
use in modulating UC related complications. All missing
variables were excluded.
For each dataset, we extracted demographic factors (gender,

age, race), hospital-level characteristics (hospital size, teaching
status [teaching vs nonteaching] and geographic location
[region of the United States and rural vs urban]), and health
insurance and income status. Comorbidity burden was
collected and quantified using the Elixhauser comorbidity
index.[14] Our 1:1 propensity-score match used the nearest
neighbor nonreplacement matching method.[15] We assessed
match success by performing chi-square test for categorical
variables and a paired t test for normally distributed
continuous variables (Table 1). We assessed the association
between cannabis use and the clinical outcomes related to
ulcerative colitis disease (Table 2).
To evaluate the statistical significance of differences in the

above clinical end-points after adjusting for additional
variables, we built forward stepwise multivariable logistic
regression models to establish adjusted odds ratios for cannabis
use on the rate of anemia, stricturing bowel disease, bowel
obstruction, anemia, transfusion of blood products, parenteral
nutrition requirement, small bowel resection, small bowel
anastomosis, partial or total colectomy, lower GI endoscopy,
upper GI endoscopy, and abdominal CT. The propensity to use
cannabis was estimated by building models that included
patient and group-level variables, (e.g., age, sex, gender,
comorbidities; and hospital size and location). All statistical
analyses were performed using STATA (version 14.0, College
Station, TX). We considered P-values of< .05 to be statistically
significant.
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The data was extracted and reviewed for accuracy by two
separate authors (MC and YW), also, as the NIS is a publicly
available deidentified dataset, IRB approval was not required.
3. Results

3.1. Cohort characteristic and direct comparison

The sample population consisted of a total of 39,802 adult
patients among which 298 (0.7%) were coded as cannabis users.
Compared to patients without recognized cannabis use,

cannabis users were significantly younger (mean age 35years
vs 49years, P< .001), more likely male (66.3% vs 43.9%,
P< .001), African American (26.9% vs 10.5%, P< .001), in the
lowest quartile of median household income (34.6% vs 22.7%,
P< .001), and more likely to use alcohol (19.8% vs 1.9%,
P< .001), and tobacco (46.0% vs 9.3%, P< .001) (Table 1).
Comparison of hospital characteristics revealed significant
differences between users and nonusers. Cannabis users were
more common at urban-teaching hospitals (63.4% vs 54.3%,
P= .002), more likely to have had Medicaid as their expected
primary payer (27.2% vs 11.6%, P< .001) and less likely to list
private insurance (27.2% vs 47.6% P< .001) and Medicare
(10.4% vs 28.7% P< .001) as their expected primary payer. A
direct comparison of co-morbidity profiles between users and
nonusers showed a significantly lower prevalence of selected
disease among cannabis users including congestive heart failure,
diabetes, hypothyroidism, neurologic disease, peripheral vascular
disease, pulmonary circulation disorder, renal failure, tumors,
and valvular heart disease but a significantly higher rate of
concurrent psychiatric diseases.
When we evaluated clinical end-points among unmatched

sample, we found that among cannabis users there were lower
rates of bowel obstruction (6.4% vs 12.0%, P= .003), and partial
or total colectomy (4.4% vs 9.6%, P= .002). Cannabis users also
had shorter hospital lengths of stay (4.5days vs 5.6days,
P< .001).

3.2. Propensity score match and postmatch

The propensity score was calculated using multivariable logistic
regression models that included 37 hospitals; clinical and
demographic covariates, and Elixhauser comorbidity index were
entered into the model to generate a probability for cannabis use
among the study population. After matching by propensity score,
the populations were similar (i.e., no statistically significant
differences) for the matched cohort for most variables (Table 1).
For the propensity-score analyses, we found that, similar to our
analysis on the full cohort, cannabis use was associated with a
significantly lower prevalence of partial or total colectomy
(4.41% vs 9.7%, P= .010) and on average shorter hospital
lengths of stay (4.5days vs 5.7days, P< .007). There was a trend
towards lower prevalence of bowel obstruction and lower GI
endoscopy requirement (Table 2).
In the postmatch univariate and multivariable logistic regres-

sion analysis, cannabis use remained associated with a reduced
prevalence of colectomy (Table 3 and Fig. 1).

4. Discussion

The present study is the first, large-scale nationwide cohort study
to evaluate the association between cannabis use and clinical



Table 1

Descriptive statistics of patients admitted with ulcerative colitis disease and propensity score match.

Prematch Postmatch

Cannabis users Nonusers P‡ Cannabis nonusers P‡

Observations, n 298 39,504 298
Age mean (SD), y† 35 (12.2) 49 (19.6) <.001 35 (14) .730
Female, %

∗
33.7 56.1 <.001 31.9 .477

Race, %
∗

Caucasian 52.0 68.1 <.001 52.7 .870
Black 26.9 10.5 <.001 30.9 .278
Hispanic 11.1 9.4 .318 8.4 .269
Others 4.4 5.0 .168 xxxxx .172

Comorbidities, %
∗

Blood loss anemia 6.4 7.2 .564 9.1 .219
Chronic lung disease 13.81 12.2 .416 18.5 .119
Coagulopathy 4.4 3.2 .258 7.4 .117
Depression 12.4 11.8 .745 11.1 .611
Diabetes 3.7 12.0 <.001 4.7 .540
Liver 5.7 3.9 .110 6.4 .731
Electrolyte derangement 41.3 39.7 .590 47.3 .138
Obesity 5.4 6.7 .361 5.4 1.000
Psychosis 8.4 3.6 <.001 12.1 .137

Alcohol abuse, %
∗

19.8 1.9 <.001 7.1 <.001
Tobacco abuse, %

∗
46.0 9.3 <.001 17.8 <.001

Elixhauser index score, %
∗

0–3 69.8 81.1 <.001 65.1 .221
4–5 25.5 14.5 <.001 27.9 .517
≥6 4.4 4.7 .809 7.1 .223

Hospital bed size, %
∗

Small 15.8 13.3 .203 16.4 .824
Medium 24.8 25.4 .815 21.5 .332
Large 59.1 60.9 .537 61.4 .558

Hospital location, %
∗

Rural 5.4 9.1 .025 4.7 .708
Urban nonteaching 30.9 36.1 .062 32.2 .724
Urban teaching 63.4 54.3 .002 62.4 .799

Hospital regions, %
∗

Northeast 20.5 22.6 .378 18.8 .606
Midwest 18.5 22.6 .090 18.8 .916
South 32.5 35.5 .287 33.2 .862
West 28.5 19.3 <.001 29.2 .857

Expected primary payer, %
∗

Medicare 10.4 28.7 <.001 10.4 1.000
Medicaid 27.2 11.6 <.001 31.5 .242
Private 27.2 47.6 <.001 27.2 1.000
Others 35.2 12.1 <.001 30.9 .321

Median household income (in quartiles), %
∗

Q1 34.6 22.7 <.001 37.9 .394
Q2 26.5 24.0 .316 22.5 .253
Q3 20.1 27.7 <.001 21.8 .914
Q4 18.8 25.6 .007 17.8 .751

AIDS= acquire immune deficiency syndrome, No=number, SD= standard deviation.
∗
Categorical variables. Presented as a percentage.

† Continuous variables. Presented as mean value and standard deviations.
‡ P-value obtained with Kruskal Wallis test for continuous values, Chi-square test or Fisher’s exact test for categorical variables.
x Values less than 10 were omitted.
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outcomes in hospitalized patients with UC. We found that
amongst matched cohorts, cannabis users had a lower prevalence
of partial or total colectomies and there was a trend towards
lower prevalence of bowel obstruction. Cannabis users also had
significantly shorter hospital length of stay compared to
noncannabis users.
3

The efficacy of cannabis for the symptomatic relief of UC is still
controversial. A study by Lahat et al reported statistically
significant improvement in general health perception, social
functioning, ability to work, physical pain, depression, and
average Harvey-Bradshaw index for patients with IBD following
three months treatment with inhaled cannabis.[16] However, it is

http://www.md-journal.com


Table 2

Clinical outcomes of patients admitted with ulcerative colitis disease and propensity score match.

Prematch P† Postmatch P†

Observations, n 298 39,504 298
Length of stay, d 4.5 5.6 .001 5.7 .007
Bowel obstruction, %

∗
6.4 12.0 .003 10.7 .057

Anemia, %
∗

21.1 25.0 .123 27.2 .085
Partial or total colectomy, %

∗
4.4 9.6 .002 9.7 .010

Blood product transfusion, %
∗

11.4 15.5 .053 15.4 .149
Gastrointestinal bleeding, %

∗
7.4 7.0 .775 5.0 .235

LGIE, %
∗

34.6 37.8 .253 42.3 .053
UGIE, %

∗
8.4 10.0 .351 11.1 .269

d=days, LGIE= lower gastrointestinal endoscopy, n=number, UGIE=upper gastrointestinal endoscopy.
∗
Categorical variables. Presented as a percentage.

† P-value obtained with Kruskal Wallis test for continuous values, Chi-square test or Fisher’s exact test for categorical variables.
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unclear whether these benefits are a result of attenuation of the
disease process or due to the psychotropic effect of cannabis.
Other studies have shown that activation of enteric cannabi-

noid (CBD) receptors may reduce colonic motility and propul-
sion,[17] promote wound healing,[18] and be protective against
excessive inflammation in the colon.[19,20] These findings are
supported by a recent randomized control trial which demon-
strated, clinical and endoscopic improvements among UC
patients on cannabis compared to placebo.[21] Conversely,
Table 3

Univariate logistic regression of clinical outcomes.

Colectomy

OR C

Cannabis 0.42 0.22–
Elixhauser index 0.89 0.74–
Age 1.00 0.98–
Female 0.60 0.28–
Alcohol 0.31 0.07–
Tobacco 0.41 0.18–
Bed size
Small

∗
Reference

Medium 0.19 0.38–
Large 1.29 0.55–

Teaching status
Teaching

∗
Reference

Rural-NT 0.45 0.20–
Rural-T

Region
Northeast

∗
Reference

Midwest 2.22 0.73–
South 1.72 0.60–
West 1.83 0.63–

Payer
Medicare

∗
Reference

Medicaid 0.47 0.19–
Private 0.60 0.25–
Others 0.16 0.05–

Income
Q1

∗
Reference

Q2 1.84 0.78–
Q3 1.73 0.66–
Q4 1.85 0.73–

EtOH= alcohol, Rural-NT= rural nonteaching hospital, Rural-T= rural teaching hospital, Q=quartile.
∗
Selected as a base level for categorical variables in logistic regression.
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another recent randomized control trial suggested that while
there were significant improvements in subject global impression
of change scores among trial participants on cannabinoid (CBD)-
rich botanical extracts compared to patients on the placebo,
remission rates were similar for patients on CBD-rich botanical
extracts and placebo.[22]

In clinical practice, colectomies are occasionally indicated for
toxic megacolon, perforation, and severe colorectal bleeding.
Also, colectomies may be indicated when there is failure of
Lower GI endoscopy

I OR CI

0.83 0.72 0.52–1.00
1.07 0.95 0.87–1.04
1.03 0.99 0.98–1.00
1.28 1.14 0.80–1.64
1.29 0.70 0.42–1.15
0.93 0.91 0.63–1.29

0.92 0.80 0.47–1.38
3.01 0.92 0.58–1.46

0.98 0.91 0.41–2.00
0.94 0.44–2.00

6.71 1.09 0.64–1.86
1.59 1.07 0.67–1.72
5.28 0.98 0.61–1.60

1.17 1.34 0.71–2.52
1.45 2.06 1.10–3.86
0.48 1.47 0.79–2.74

4.39 1.39 0.91–2.12
4.53 1.13 0.70–1.82
4.71 0.71 0.43–1.16



Figure 1. XXX.
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medical management with intractable symptoms, and less
commonly with intestinal strictures.[23,24] It is therefore plausible
that the lower prevalence of partial or total colectomy seen
amongst cannabis users could possibly be due to fewer
complications such as bowel obstruction, while shorter length
of stay could possibly reflect a less severe exacerbation amongst
cannabis users.
While Cannabis use may be associated with potential benefit in

patients with UC, several side effects have also been associated
with the use of cannabis ranging frommild side effects like nausea
and vomiting[25–28] to more serious side effects like postural
hypotension, delirium, psychosis, and seizure.[29,30] Cannabis use
is also associated with the use of other illicit drugs and this raises
potential public health concerns. In order to reduce the risk of
most of the adverse effects of cannabis, CB2 receptors could be a
potential target as most side effects of cannabis are due to
activation of CB1 receptors in the brain.[31] This creates an
opportunity for directed therapy targeting CB2 receptors while
maintaining its potential anti-inflammatory effect in colitis.
While previous research has been limited in terms of sample

size, this study used a large database of hospitalized patients in
the US. Also, cannabis users are likely abusers of other substances
which could have influenced the outcomes of prior studies.
However, in this study, we excluded patients with other drug
abuse to avoid interference in our result. Nevertheless, our study
has limitations. First, we couldn’t control for the time of diagnosis
of ulcerative colitis, the severity of the disease, extent of the
disease, historical and ongoing immunomodulator, or biologic
therapy. Second, the NIS data is only generalizable to
5

hospitalized populations of the United States and lack post-
discharge follow up. Third, some data could have inaccurate
coding as demonstrated in other administrative databases.
Particularly, there could be under coding of cannabis use, due
to which the prevalence of cannabis use is much lower in our
population as compared to other studies.[32,33] Despite the
mentioned limitations, we believe the large sample, our rigorous
methodology, and the scientific rationale adds to the current
literature on cannabis use in patients with UC. It should be
emphasized that our study lacks data regarding cannabis
consumption route, amount, frequency and side-effects related
to cannabis use. Therefore, we recommend cautious interpreta-
tion of our results until they can be validated through prospective
randomized studies.
In summary, our study suggests that cannabis use may mitigate

some complications of UC among hospital inpatients and this
could be due to an antiinflammatory effect of cannabis and
potential improvement in gastrointestinal mucosal healing. Our
study has important clinical findings and warrants further
investigations.
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