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Abstract 

Background: Medication consumption has been suggested as a risk factor for microscopic colitis (MC), but studies 
of varying design have yielded inconsistent results. Our aim was to evaluate the association between medications and 
MC.

Methods: A hybrid cohort of prospectively identified patients undergoing colonoscopy with biopsies for suspicion 
of MC (N = 144) and patients with MC enrolled within three months of diagnosis into an MC registry (N = 59) were 
surveyed on medication use. Medication use was compared between patients with and without diagnosis of MC by 
chi-squared test and binomial logistic regression adjusted for known risk factors of MC: age and gender.

Results: In total, 80 patients with MC (21 new, 59 registry) were enrolled. Patients with MC were more likely to be 
older (p = 0.03) and female (p = 0.01) compared to those without MC. Aspirin and other non-steroidal anti-inflamma-
tory drugs were more commonly used among patients who developed MC (p < 0.01). After controlling for age and 
gender, these medications remained independent predictors of MC with odds ratio for any non-steroidal anti-inflam-
matory drug use of 3.04 (95% CI: 1.65–5.69). No association between MC and other previously implicated medications 
including proton pump inhibitors and selective serotonin reuptake inhibitors was found.

Conclusions: In this cohort of patients with chronic diarrhea, we found use of aspirin and non-steroidal anti-
inflammatory drugs, but not other implicated medications to be associated with the development of MC. Whether 
these drugs trigger colonic inflammation in predisposed hosts or worsen diarrhea in undiagnosed patients is unclear. 
However, we feel that these findings are sufficient to discuss potential non-steroidal anti-inflammatory drug cessation 
in patients newly diagnosed with MC.
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Background
Microscopic colitis (MC), delineated into the catego-
ries of lymphocytic colitis (LC) and collagenous coli-
tis (CC), is a common cause of chronic watery diarrhea 
encountered in the clinical setting. The incidence of MC 
has risen dramatically over the past several decades and 

stabilized to levels equal or greater than that of Crohn’s 
disease and ulcerative colitis [1–4].

MC has been strongly associated with female gen-
der, older age, and autoimmune disease. Furthermore, 
environmental factors such as smoking have also shown 
association with MC [2–15]. Of particular interest is the 
emerging entity of “medication induced MC.” Initial evi-
dence for this phenomenon was offered by several large 
retrospective case–control studies utilizing national 
databases and smaller case series. These studies sug-
gest varying risk of MC in patients taking non-steroidal 
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anti-inflammatory drugs (NSAIDs), proton-pump 
inhibitors (PPIs), selective serotonin reuptake inhibitors 
(SSRIs), beta blockers, angiotensin-converting enzyme 
inhibitors (ACE-Is) and HMG-CoA reductase inhibitors 
(statins) [16–18]. However, these results were limited by 
their retrospective design, especially regarding over-the-
counter medications such as NSAIDs and PPIs. Further, 
medications commonly cause diarrhea, particularly in 
older individuals where MC is more prevalent.

Further studies continued investigating the role of 
medications in MC while utilizing control patients evalu-
ated by colonoscopy for diarrhea. However, they yielded 
mixed results, particularly with respect to the risk of 
NSAIDs and PPIs [19, 20]. Therefore, the purpose of the 
present study was to continue investigating the potential 
association between MC and medication use in patients 
being investigated for chronic diarrhea or recently diag-
nosed with MC.

Methods
Patient selection & data collection
We identified a hybrid cohort of patients consisting of 
those prospectively evaluated for chronic watery diarrhea 
and those previously enrolled in our center’s established 
MC registry. First, cases and controls were identified 
prospectively by identification of patients with a planned 
colonoscopy for evaluation of suspected MC. Patients 
exhibited chronic daily diarrhea (greater than or equal to 
3 bowel movements per day) for greater than two months 
with a planned colonoscopy to specifically rule out MC 
or other causes of diarrhea. Patients with known cause of 
diarrhea such as Clostridioides difficile infection, inflam-
matory bowel diseases (ulcerative colitis and Crohn’s 
disease), malignancy or abnormal imaging results were 
excluded from the study.

Prior to the procedure, patients were surveyed at either 
clinic or bedside by a research coordinator using a script 
(Additional file 1) with questions regarding demographic 
information, frequency and duration of diarrhea, and use 
of the following medications: aspirin (81 mg or greater), 
other NSAIDs, PPIs, H2RAs, SSRIs, statins, ACE-Is, and 
angiotensin receptor blockers (ARBs, ARB data was not 
collected in 8 new MC, and 21 no MC patients due to 
study protocol revision). Patients were classified as cur-
rent (greater than seven cigarettes per week for at least 
six months), former (quit smoking any time prior to MC 
diagnosis), or never smokers. As reported in previous 
studies, medication use was defined as “taking the medi-
cine at least three times a week for at least two weeks” 
[12, 21].

After survey, colonoscopic evaluation was performed 
with biopsies taken from ascending, transverse, and 
descending segments of colon. Biopsies were assessed 

for MC by expert gastrointestinal pathologists and clas-
sified into CC or LC. CC was defined by the histologic 
criteria: thickness of the collagenous subepithelial 
table > 10 μm using an ocular micrometer, inflammation 
in the lamina propria consisting of mainly lymphocytes 
and plasma cells, lack of crypt architectural distortion, 
and regenerative-appearing changes in the surface and/or 
crypt epithelium. Histologic criteria for LC was defined 
by the following: intraepithelial lymphocytes > 20 per 
100 epithelial cells in the subjective area of highest lym-
phocyte density, inflammation in the lamina propria 
consisting of mainly lymphocytes and plasma cells, and 
regenerative-appearing changes in the surface and/or 
crypt epithelium.

Additional patients with MC were identified from our 
center’s established MC registry. The registry consists 
of histologically verified patients diagnosed with MC at 
our health system since 2012, and follows patient his-
tory, potential offending medications, MC treatments, 
and outcomes. All patients enrolled into the registry 
from 2012 to 2020 whose data was collected within three 
months of diagnosis were entered into the present study. 
Medication use in this group of patients was collected in 
an identical standardized manner to those prospectively 
identified.

Statistical analysis
Power analysis was conducted to determine a necessary 
sample size to achieve 80% power at a significance level 
of 0.05. Previously reported data on NSAID usage among 
MC (P1 = 0.46) and control patients (P2 = 0.22) indicated 
a necessary sample size of 62 patients per group [21]. 
Similar analysis regarding PPIs (P1 = 0.46, P2 = 0.14) esti-
mated a sample size of 29 patients per group [18].

Significance testing for demographic differences and 
rate of medication use among registry and new MC 
cohorts, MC and no MC cohorts, and MC subtypes was 
conducted by Welch’s t-test, chi-squared test for homo-
geneity, and Fisher exact test. Consistency of the overall 
results was assessed through a subgroup analysis using 
identical tests that compared medication use among 
the two MC groups to the no MC group. Furthermore, 
to control for demographic differences among cohorts, 
binomial logistic regressions were modelled with param-
eters for age, gender, and medication use. Any missing 
data was excluded from analysis. All statistical tests were 
performed using R version 4.1.1[22].

Ethical considerations
The present study was performed in accordance with the 
principles of the Declaration of Helsinki and approved by 
the Institutional Review Board at the NorthShore Uni-
versity HealthSystem Research Institute.
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Results
Patient demographics
From 2012 to 2016, 144 patients underwent colonoscopic 
evaluation in accordance with the inclusion criteria. Of 
these, 123 patients were negative for MC, and 5 were 
excluded with newly diagnosed ulcerative colitis (4) and 
Crohn’s disease (1). MC was diagnosed in 21 new patients 
(6 CC, 15 LC), and an additional 59 patients were identi-
fied for inclusion from the MC registry (14 CC, 45 LC). 
This yielded final cohorts of MC and no MC with sizes 
80 (20 CC, 60 LC) and 118 patients, respectively (Fig. 1).

Patient demographics are displayed in Table 1. No sig-
nificant differences were observed between MC patients 
diagnosed at colonoscopy (“new MC”) and those from 
the MC registry group. Expected demographic variability 

was noted between MC and no MC cohorts in terms of 
gender and age. Females accounted for 81.3% of MC, and 
66.1% of control patients (p = 0.01), and MC patients 
were on average 4.8 years older than those without MC 
with mean ages of 60.4 and 55.6 respectively (p = 0.03). 
Race/ethnicity, smoking history, and diagnosis of celiac 
disease were not found to differ significantly between 
study cohorts.

Medication usage
Of patients diagnosed with MC, 31.3% reported use of 
any dose of aspirin, 40.5% other NSAIDs, and 53.8% 
used some dose of aspirin or other NSAIDs. No sig-
nificant differences in medication use were detected 
among newly diagnosed MC patients and those 

Fig. 1 Cohort Selection. This flowchart illustrates the two sources of subjects included in the study. The no microscopic colitis (MC) group consisted 
of 118 patients, and MC group consisted of 80 patients with 21 newly diagnosed, and 59 identified within the MC registry

Table 1 Patient demographics

Demographic characteristics are listed, first comparing patients with newly diagnosed microscopic colitis (MC) at colonoscopy and those obtained from the MC 
registry (p-vala), followed by all MC patients compared to diarrheal controls negative for MC on colonoscopy (p-valb)

Total (%) New MC (%) MC Registry (%) p-vala All MC (%) No MC (%) p-valb

Number of patients 198 21 (10.61) 59 (29.80) 80 (40.40) 118 (59.60)

Female 140 (70.71) 16 (76.19) 49 (83.05) 0.49 65 (81.25) 78 (66.10) 0.01

Race/ethnicity

Caucasian 179 (90.140) 18 (85.71) 57 (96.61) 0.14 75 (93.75) 104 (88.14) 0.24

Hispanic 5 (2.53) 2 (9.52) 1 (1.69) 3 (3.75) 2 (1.63)

African American 4 (2.02) 0 (0.00) 1 (1.69) 1 (1.25) 3 (2.54)

Asian 4 (2.02) 0 (0.00) 0 (0.00) 0 (0.00) 4 (3.25)

Other/unknown 6 (3.03) 1 (4.76) 0 (0.00) 1 (1.25) 5 (4.07)

Age (years), Mean ± Stand-
ard deviation

57.55 ± 15.27 59.05 ± 15.04 60.86 ± 14.42 0.63 60.38 ± 14.51 55.62 ± 15.53 0.03

Smoking status

Current 20 (10.10) 2 (9.52) 10 (16.95) 0.70 12 (15.00) 8 (6.78) 0.13

Former 68 (34.34) 8 (38.10) 22 (37.29) 30 (37.50) 38 (32.20)

Never 109 (55.05) 11 (52.38) 27 (45.76) 38 (47.50) 71 (60.20)

History of celiac disease 2 (1.01) 0 (0.00) 1 (1.69) 1.00 1 (1.22) 1 (0.85) 0.78

Diagnosis

Collagenous colitis 6 (28.57) 14 (23.73) 0.66 20 (25.00) – –

Lymphocytic colitis 15 (71.43) 45 (76.27) 60 (75.00) –



Page 4 of 8Yen et al. BMC Gastroenterology          (2022) 22:367 

selected from the MC registry (Table 2). This contrasts 
with reported 14.4% aspirin, 20.3% other NSAIDs, 
and 28.8% use of any aspirin or other NSAIDs among 
patients not diagnosed with MC. Chi-squared analysis 
revealed significant differences between cohorts for all 
these medications at p < 0.01. In addition, ACE-Is were 
used significantly less among MC patients (3.8%) than 
controls (12.7%) at p < 0.05. Use of PPIs, H2RAs, SSRIs, 
statins, and ARBs varied between the MC and no MC 
cohorts, however, no differences were statistically sig-
nificant (Fig.  2). Among the subtypes of MC, use of 
aspirin (31.7% vs. 23.3%), other NSAIDs (68.4% vs. 
31.7%), and any NSAIDs (78.9% vs. 46.7%) was signifi-
cantly greater among patients with CC (p = 0.01). Com-
pared to patients with no MC, these medications were 

more commonly used in patients with both CC and LC. 
Use of aspirin, other NSAIDs, or any NSAIDs was sig-
nificantly higher in patients with CC than those with 
no MC (p < 0.01) and any NSAID use was significantly 
higher in LC compared to no MC (p = 0.02). No other 
significant differences were observed in medication use 
among MC subtypes.

Subgroup analysis was performed to assess consistency 
of these results between the individual groups of MC 
patients (Table 3). Both MC cohorts were independently 
associated with increased use of non-aspirin NSAIDs 
(new p = 0.03, registry p < 0.01) and any NSAIDs (new 
p = 0.03, registry p < 0.01). Additionally, the MC registry 
group was associated with significantly greater use of any 
dose of aspirin (p < 0.01).

Table 2 Medication usage

Medication use was compared between sources of microscopic colitis (MC) patients (p-vala), and between MC and no MC (p-valb) utilizing univariate statistics. NSAIDs: 
non-steroidal anti-inflammatory drugs, PPIs: proton pump inhibitors, H2RAs: histamine-2 receptor antagonists, SSRIs: selective serotonin reuptake inhibitors, ACE-Is: 
angiotensin converting enzyme inhibitors, ARBs: angiotensin receptor blockers

Medication Total (%) New MC (%) MC Registry (%) p-vala MC (%) No MC (%) p-valb

Any Dose Aspirin 42 (21.21) 6 (28.57) 19 (32.20) 0.77 25 (31.25) 17 (14.41)  < 0.01

Other NSAIDs 56 (28.28) 9 (42.86) 23 (39.65) 0.80 32 (40.51) 24 (20.34)  < 0.01

Any Aspirin or NSAIDs 77 (38.89) 11 (52.38) 32 (54.24) 0.88 43 (53.75) 34 (28.81)  < 0.01

PPIs 48 (24.24) 4 (19.05) 14 (23.73) 0.66 18 (22.50) 30 (25.42) 0.64

H2RAs 10 (5.05) 1 (4.76) 5 (8.47) 0.59 6 (7.50) 4 (3.39) 0.20

SSRIs 57 (28.79) 6 (28.57) 21 (35.59) 0.56 27 (33.75) 30 (25.42) 0.20

Statins 54 (27.27) 5 (23.81) 17 (28.81) 0.66 22 (27.50) 32 (27.12) 0.95

ACE-Is 18 (9.09) 1 (4.76) 2 (3.38) 1.00 3 (3.75) 15 (12.71) 0.03

ARBs 16 (8.08) 2 (15.38) 3 (5.08) 0.21 5 (6.94) 11 (11.11) 0.36

Fig. 2 Proportion of Medication Usage Among MC and No MC Cohorts. The plot above illustrates the relative proportion of medication users 
between microscopic colitis (MC) and no MC cohorts. MC was significantly associated with increased use of aspirin (p < 0.05), other non-steroidal 
anti-inflammatory drugs (p < 0.05) or both (p < 0.001) and decreased use of angiotensin converting enzyme inhibitors (p < 0.05). NSAIDs: 
non-steroidal anti-inflammatory drugs, PPIs: proton pump inhibitors, H2RAs: histamine-2 receptor antagonists, SSRIs: selective serotonin reuptake 
inhibitors, ACE-Is: angiotensin converting enzyme inhibitors, ARBs: angiotensin receptor blockers
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Multivariate regression analysis was used to control 
for differences in age and gender between MC and no 
MC cohorts. Use of aspirin, other NSAIDs or both were 
found to be significant independent predictors of MC 
with odds ratios (OR) and 95% confidence intervals (CI) 
of 2.65 (1.28–5.64), 2.71 (1.42–5.28), and 3.04 (1.655.69) 
respectively. Furthermore, use of ACE-Is remained asso-
ciated with a decrease in odds of MC with OR 0.17 (0.04–
0.57). PPIs, H2RAs, SSRIs, statins, and ARBs were not 
significant multivariate parameters for MC (Table 4).

Discussion
In this study involving a hybrid cohort of patients pre-
senting for colonoscopy or enrolled in an established 
MC registry, current NSAID use was associated with a 

diagnosis of MC. The diagnostic yield of MC in our pro-
spective cohort was 14.6% and was consistent with prior 
studies evaluating yield of colonoscopy in patients with 
chronic watery diarrhea [8, 23, 24]. To minimize recall 
bias within our registry cohort, only patients diagnosed 
within 3  months of their data collection were included. 
Importantly, medication usage was similar in both 
MC cohorts. In contrast to a number of recent studies, 
including one from our institution, this study did not find 
an association between MC and smoking [11–15]. This 
finding may reflect a smaller sample size for this study or 
may suggest a possible association between smoking and 
general diarrhea rather than explicit MC, and warrants 
further investigation.

Of the drugs implicated in medication induced MC, 
the strongest evidence is for aspirin and other NSAIDs. 
Since the 1980s, case reports began to suggest a linkage 
between NSAIDs, colonic inflammation, and CC in par-
ticular [25–27]. In addition, small case reports looking at 
clinical symptoms and/or biopsies after withdrawal and 
re-challenge have been reported, although not rigorously 
examined [27, 28]. In our study, all NSAID subjects were 
on non-selective Cyclooxygenase (COX) inhibitors. Thus, 
we were unable to comment on differences in selective 
COX-2 inhibition and the development of MC, but dif-
ferent patterns of COX inhibition may help us to under-
stand the differences between studies looking at MC and 
type of NSAID usage.

Since then, a number of studies have further investi-
gated this subject [29]. Both prospective and retrospec-
tive studies from Spain, Denmark, Netherlands, and the 
United Kingdom have found NSAIDs (OR 1.43–2.90), 
PPIs (OR 2.03–7.30) and SSRIs (OR 1.77–37.70) to be 
significant independent risk factors for MC [12, 16–18, 

Table 3 Subgroup analysis

P-values and odds ratios (OR) were calculated comparing rate of medication use among the two groups of microscopic colitis (MC) patients independently compared 
to the no-MC group to assess homogeneity of findings. 95% CI: 95% Confidence Interval, NSAIDs: non-steroidal anti-inflammatory drugs, PPIs: proton pump inhibitors, 
H2RAs: histamine-2 receptor antagonists, SSRIs: selective serotonin reuptake inhibitors, ACE-Is: angiotensin converting enzyme inhibitors, ARBs: angiotensin receptor 
blockers

Medication New MC vs. No MC Registry MC vs. No MC

Odds Ratio (95% CI) p-val Odds ratio (95% CI) p-val

Any dose aspirin 2.36 (0.78–7.21) 0.11 2.80 (1.25–6.02)  < 0.01

Other NSAIDs 2.91 (1.04–7.87) 0.03 2.56 (1.26–5.16)  < 0.01

Any aspirin or NSAIDs 2.70 (1.04–7.36) 0.03 3.02 (1.55–6.07)  < 0.01

PPIs 0.69 (0.20–2.15) 0.53 0.91 (0.42–1.92) 0.81

H2RAs 1.42 (0.06–11.59) 0.56 2.62 (0.68–10.73) 0.16

SSRIs 1.17 (0.41–3.38) 0.76 1.62 (0.81–3.29) 0.16

Statins 0.84 (0.27–2.53) 0.75 1.09 (0.52–2.25) 0.81

ACE-Is 0.35 (0.02–2.44) 0.47 0.24 (0.04–1.08) 0.06

ARBs 1.45 (0.21–6.96) 0.64 0.43 (0.10–1.58) 0.25

Table 4 Multivariate regression analysis

Multivariate binomial logistic regressions were utilized to control for the 
effects of age and gender on the association between each medication and 
microscopic colitis diagnosis. NSAIDs: non-steroidal anti-inflammatory drugs, 
PPIs: proton pump inhibitors, H2RAs: histamine-2 receptor antagonists, SSRIs: 
selective serotonin reuptake inhibitors, ACE-Is: angiotensin converting enzyme 
inhibitors, ARBs: angiotensin receptor blockers

Medication Odds ratio (95% confidence 
interval)

p-val

Any dose aspirin 2.65 (1.28–5.64) 0.01

Other NSAIDs 2.71 (1.42–5.28)  < 0.01

Any aspirin or NSAIDs 3.04 (1.65–5.69)  < 0.01

PPIs 0.69 (0.34–1.39) 0.31

H2RAs 1.94 (0.52–7.95) 0.33

SSRIs 1.22 (0.64–2.33) 0.54

Statins 0.83 (0.41–1.68) 0.61

ACE-Is 0.17 (0.04–0.57)  < 0.01

ARBs 0.43 (0.12–1.35) 0.16
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21]. However, the findings were not consistent across 
these larger studies and were subject to some limitations. 
Although utilization of national databases provides a 
large sample size and representation of an entire popu-
lation, the measurement of medication exposure may be 
compromised. Utilizing prescription fill history fails to 
account for the prevalence of over-the-counter medica-
tion use, especially for medications as common as PPIs, 
H2RAs, or NSAIDs [30]. Further, many of the studies 
investigating medications and MC have utilized control 
groups consisting of individuals from the general popu-
lation. The presence of chronic diarrhea between expo-
sure and control groups serves as a source of potential 
recall bias, especially when investigated retrospectively. 
Patients that present with diarrhea are more likely to 
remember the specific environmental factors or medica-
tion exposures associated with its onset [31].

Recent studies have focused on control patients pre-
senting with chronic watery diarrhea and biopsies nega-
tive for MC. In a retrospective case–control study of 
patients over a 10-year period, Zylberberg et  al. [20] 
identified an association between MC and NSAIDs and 
an inverse association between MC and PPIs, H2RAs, 
and oral diabetes medications. However, in a prospective 
cohort of patients, Sandler et al. [19] did not identify any 
significant relationship between MC and medications. 
Our study prospectively identified control patients pre-
senting with chronic diarrhea, and medication use was 
gathered from all patients with and without MC by our 
investigators around the time of diagnosis.

Based on our findings, we conclude that NSAIDs are 
an independent risk factor for the development of MC. 
However, our findings do not indicate that PPIs are a 
risk factor for MC. In this cohort, PPIs were used less 
frequently among patients recently diagnosed with MC 
and this difference was not significant (OR 0.69, 95% CI: 
0.34–1.39). Compared to previous studies, PPIs were 
used less frequently among patients with MC and more 
frequently among controls [12, 16, 18, 32]. Importantly, 
use of PPIs is a risk-factor for diarrhea and therefore the 
control group used in this study may have had a greater 
proportion of PPI users than previously described non-
diarrheal controls [33].

Our study also found an inverse association between 
MC and ACE-I use (OR 0.17, 95% CI: 0.04–0.57), which 
should be interpreted with caution given the small sam-
ple size. The findings of Masclee et  al. [16] suggested a 
significant association between ACE-Is and MC (OR 
2.5, 95% CI: 1.5–4.2), however, this may have reflected 
the association between ACE-Is and rate of undergoing 
colonoscopy. Taken together, these results suggest a need 
for further study of the relationship between ACE-Is and 
MC.

While NSAIDs are well known to cause damage 
throughout the gastrointestinal tract, the precise mech-
anism by which NSAIDs promote the development of 
MC is largely unclear. Prior studies have suggested that 
inhibition of intestinal prostaglandin synthesis due to 
the inactivation of cyclooxygenase may play a role, lead-
ing to increased intestinal permeability [34–37]. This 
may lead to further mucosal disruption and activation of 
pericryptal fibroblasts, leading to thickening of the col-
lagen table as has been associated with NSAID use [38]. 
NSAIDs may also alter the intestinal microvasculature, 
with endothelial dysfunction being a contributor to MC 
pathogenesis. Thus, the role of NSAIDs leading to a 
diagnosis of MC is biologically plausible [27]. However, 
whether NSAIDs cause histologic changes mimicking 
MC, or lead to the development of true MC is unclear.

Despite this, it must be considered that many of the 
drugs implicated in medication induced MC have known 
side-effects of diarrhea [33]. Studies to date are unable to 
ascertain whether medications are causal in the develop-
ment of MC, or trigger symptomatic flare in susceptible 
patients with undiagnosed MC. Although a universal 
approach for measurement of adverse reactions to medi-
cation has not been adopted, there is a clear need for high 
quality trials utilizing challenge, withdrawal, and re-chal-
lenge procedures to understand the histologic changes 
associated with MC and medication use [39].

The principal strengths of this study are its prospec-
tive collection of medication usage prior to colonoscopy 
and use of a control group that presented with diarrhea. 
There are several limitations to our study. All participants 
were recruited from a single center serving a predomi-
nantly Caucasian community which may limit gener-
alizability. Further, hybridizing our prospective cohort 
with patients enrolled in an institutional MC registry 
may have introduced some recall bias. However, registry 
data was collected within three months of MC diagno-
sis, and it did not significantly differ from that collected 
from prospectively enrolled patients with MC. We feel 
that this data is a more accurate collection of over-the-
counter medication use than a purely retrospective chart 
review and strengthens our results and conclusions. 
Lastly, dosage and duration of medications used by study 
subjects were variable, and did not allow for the determi-
nation of potentially critical dosages or temporal associa-
tions involved in drug induced MC.

Conclusions
We found that chronic use of NSAIDs, but not other pre-
viously implicated medications, was independently associ-
ated with the development of MC. This data strengthens 
the assertion of the role of NSAIDs in most inflamma-
tory colitides. Further studies utilizing withdrawal and 
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re-challenge are needed to determine the effects of NSAID 
discontinuation on disease progression and assess true cau-
sality. Additionally, future investigation is needed to exam-
ine the effects of NSAIDs on the natural history of MC 
such as budesonide dependence or severity of presentation.
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