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Abstract

BACKGROUND AND AIMS—Microscopic colitis is an increasingly common cause of watery 

diarrhea. Several classes of medications have been associated with microscopic colitis in prior 

studies.

METHODS—This was a case-control study of patients referred for elective, outpatient 

colonoscopy for diarrhea. Patients were excluded for inflammatory bowel disease, C. difficile, 

or other infectious diarrhea. Colon biopsies were reviewed by the study pathologist and patients 

were classified as microscopic colitis cases or non-microscopic colitis controls.

RESULTS—The study population included 110 microscopic colitis cases and 252 controls. The 

cases were older, better educated and more likely to be female. Cases reported a greater number 

of loose, watery, or liquid stools, nocturnal stools, more urgency and weight loss compared 

to controls. There was no association with proton pump inhibitors (PPIs), adjusted OR (aOR) 

0.66, 95% CI 0.38-1.13, or nonsteroidal anti-inflammatory drugs, aOR 0.68, 95% CI 0.40-1.17. 

Cholecystectomy was less common in cases, aOR 0.33, 95% CI 0.17-0.64, but microscopic colitis 

cases had more frequent bowel movements following cholecystectomy.

CONCLUSION—Compared to similar patients with diarrhea, cases with microscopic colitis 

were not more likely to have taken previously implicated medications. They had more diarrhea 

following cholecystectomy suggesting that bile may play a role in symptoms or etiology. We 

conclude that the appropriate choice of controls is crucial to understanding risk factors for 

microscopic colitis.
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INTRODUCTION

Microscopic colitis is currently a common cause of watery diarrhea in older adults, 

although it is increasingly recognized in younger individuals.1 The condition is called 

“microscopic colitis” because the mucosa appears grossly normal. Under the microscope, 

however, there may be a thickened collagen band (collagenous colitis) or a lymphocytic 

infiltration (lymphocytic colitis).2 Both collagenous and lymphocytic colitis share features 

of intraepithelial lymphocytes, surface epithelial damage, and increased lamina propria 

inflammation. Lymphocytic and collagenous colitis, are generally considered to be subtypes 

of the same disease based on the histologic overlap, parallel increase in incidence, similar 

clinical presentation, and identical response to therapy.3

The incidence of microscopic colitis has been increasing and is now thought to be 

comparable to or exceed inflammatory bowel disease.4–8 Some of the increased incidence is 

due to greater recognition of the disease.9 The etiology of microscopic colitis is unknown. 

The disease is widely considered to be an abnormal immune reaction to luminal antigens in 

predisposed hosts.10 The concept of a luminal factor is supported by the fact that the disease 

resolves with diversion of the fecal stream,11 and recurs when continuity is restored.11,12 

Reported triggers are drugs,10 smoking13, 14 and autoimmunity.15

Published evidence about risk factors for microscopic colitis has been limited by small 

numbers of cases, retrospective data collection and case series designs. In order to avoid 

the limitations of prior research, we conducted a case-control study comparing patients with 

microscopic colitis to patients with other causes of diarrhea in order to learn more about 

associations with medications.

METHODS

Design

We designed a case-control study of patients who were referred to The University of North 

Carolina Hospitals for elective outpatient colonoscopy for diarrhea. UNC Hospitals is a 

safety net hospital serving a disproportionate share of indigent patients. At the time of study 
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enrollment, status as a microscopic colitis case or a non-microscopic control was not known. 

All data were prospectively collected.

Recruitment and enrollment

We identified possible participants using The Carolina Data Warehouse for Health, a central 

real-time data repository that contains clinical, research, and administrative data sourced 

from the UNC Health Care System electronic medical record. Patients were excluded if 

the indication for colonoscopy was not diarrhea or possible microscopic colitis, or if they 

had a diagnosis of inflammatory bowel disease, C. difficile or another infectious diarrhea. 

Patients who were nominally eligible for inclusion were mailed an introductory letter and 

study brochure.

On the day of the colonoscopy, a research assistant asked the patients the average number 

of bowel movements per day and stool form based on the Bristol Stool Form Scale.16 

Eligibility was based on stool consistency, not stool number. To be eligible, the patient had 

to report a Bristol Stool Form type 5, 6, 7 (mushy, loose, watery) during the prior week. 

Eligible subjects who agreed to the study signed consent, HIPAA, and Storing Biological 

Specimens with Identifying Information forms.

Colonoscopies were performed by faculty gastroenterologists and supervised fellows. If the 

colonoscopy revealed gross inflammation, the patient was excluded. Clinical biopsies were 

sent to the surgical pathology laboratory where they were reviewed by one of the faculty 

pathologists. If the clinical biopsies showed neutrophilic colitis or eosinophilic colitis, the 

patient became ineligible.

There were some occasions when the research assistant was not available at the time of 

the colonoscopy to consent a potentially eligible patient (missed group). The interviewer 

contacted the patient by phone to verify eligibility and to obtain consent for the interview 

and the use of clinical biopsies. The research pathologist reviewed the slides to establish the 

pathologic diagnosis.

In order to enrich the number of microscopic colitis patients in the study, once each month. 

we used a custom query tool to identify all patients with a new pathological diagnosis of 

microscopic colitis. These patients were contacted and consented in a similar fashion as the 

missed group described previously. There was no age restriction for these patients.

Pathologic review

The research pathologist (JTW) reviewed the clinical slides and classified patients as 

having microscopic colitis or not. The pathologist was not aware of patient symptoms 

or diagnosis. When the research pathologist noted patchy lymphocytes, the diagnosis 

was categorized as “indeterminate microscopic colitis”. For this analysis, we excluded 

indeterminate cases. There were too few indeterminate cases (14) for a separate analysis, 

and including them in either the microscopic colitis case group or the control group would 

lead to misclassification.
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Interviews

Patients were given the option to complete the interview using a web-based survey or phone 

survey. Those who indicated an interest in the web-based survey were sent a personalized 

link with reminders on days 5, 10, and 13. Those who had not completed the survey in 

20 days were called by the telephone interviewer to attempt to complete the interview. 

The major sections of the questionnaire were: demographics, smoking, medical history 

medications taken in the last year, reproductive history (women), microscopic colitis disease 

activity, and irritable bowel and bloating questions (Rome Foundation-licensed agreement 

with Rome Foundation October 24, 2017). For medications, we asked patients how many 

weeks they took the medication during the year prior to their colonoscopy.

Data analysis

Data analysis was conducted using Stata 17.0 (Stata Corp, College Station, TX). Data 

analysis began by inspecting the distributions of variables, excluding implausible values and 

grouping categorical variables using logical cut points. Exposure variables were examined 

one-by-one in univariate analyses using chi square (categorical) or t-tests (continuous). 

Model building was informed by a directed acyclic graph.17 We used multivariable models 

to calculate odds ratios and 95% confidence intervals (CI) for exposure variables adjusted 

for age, sex, and education. In a sensitivity analysis we excluded patients with microscopic 

colitis who were identified from pathology reports.

Informed consent

The study was approved by the Institutional Review Board at the University of North 

Carolina. All patient gave informed consent. All authors had access to the study data and 

reviewed and approved the final manuscript.

RESULTS

Patients were eligible for the study between April 1, 2015 and December 22, 2020. During 

that interval, 1008 patients were nominally eligible. There were 176 who cancelled their 

colonoscopy appointment, 161 who were ineligible before or after the colonoscopy, 99 who 

were missed in the endoscopy suite because the research assistant was not available, and 

196 who refused. Overall, 376 consented for the study and were interviewed. We excluded 

14 with indeterminate disease leaving 362 for the present analysis, 110 microscopic colitis 

cases and 252 non-microscopic colitis controls. Among the 110 cases there were 34 who 

were identified from path reports.

Descriptive characteristics of the study population are shown in Table 1. The cases were 

older than controls, mean age 63.2 (standard deviation (SD) 12.7, interquartile range 40-83) 

vs 54.5 (SD 11.9, interquartile range 36-78). Marital status was not different. The overall 

study population was predominantly white. The cases were more likely to be white race than 

controls (96.2 vs 85.7%). The cases were more likely to be women than controls (86.2% 

vs 69.8%). The study participants were well educated, 51.0% had college degrees or study 

beyond college. The cases were better educated than controls. History of ever smoking 

cigarettes was not different between the two groups, but controls were more likely to be 

Sandler et al. Page 4

Aliment Pharmacol Ther. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



current smokers (21.0% vs 11.3). The mean body mass index (BMI) was higher for controls 

(BMI 29.5 (SD 7.2) than cases (BMI 25.7 (SD 6.4)). When adjusted for age, education, sex, 

race, smoking, BMI and marital status we found that age, education, sex and BMI were 

significantly different. Subsequent analyses were adjusted for age, education and sex. We 

did not adjust for BMI because the cases were more likely to report weight loss since the 

diarrhea began and we assumed that lower BMI was a consequence of the disease. Smoking 

was not adjusted because it was not associated with outcome after controlling for age.

Cotter et al developed a scoring system to measure microscopic colitis severity.18 As shown 

in Table 2, cases reported a greater number of loose, watery or liquid stools, nocturnal 

stools, and more urgency. The cases were more likely to have lost weight (aOR 2.42, 95% CI 

1.36-4.29).

Because the cases had more diarrhea than the controls we did an exploratory analysis 

to assess whether the number of liquid stools in the week prior to colonoscopy could 

have distorted the results. We calculated crude odds ratios for case-control status and 

demographic characteristics and compared the estimates to similar odds ratios adjusted for 

number of liquid stools. We found no differences (not shown).

We next examined medication classes previously reported to be associated with microscopic 

colitis including proton pump inhibitors (PPIs), statins, selective serotonin reuptake 

inhibitors (SSRIs), aspirin, nonsteroidal anti-inflammatory drugs (NSAIDs), non-aspirin 

pain relievers, H2 receptor antagonists and beta blockers. As shown in Table 3, none of 

the implicated drugs was taken more frequently in microscopic colitis case. PPIs were 

less commonly used by cases (31.1%), than controls (45.6%), p=0.01, but the difference 

was not significant after controlling for confounders (adjusted odds ratio (aOR) 0.65, 95% 

confidence interval (CI) 0.38-1.13). NSAIDs were also less frequent in cases (39.6%) than 

controls (51.6%), p = 0.04, but there was no difference in the adjusted model (aOR 0.68, 

95% CI 0.40-1.17).

Because the cases were 10 years older than controls on average, all of the analyses were 

adjusted for age. As a further precaution, we performed additional analyses. First, we 

stratified by age quartiles and calculated age-specific odds ratios as well as a Mantel 

Haenszel summary odds ratio. The results were similar to the age-adjusted estimates. The 

Mantel Haenszel chi square for homogeneity did not indicate differences by strata. We also 

constructed 2x2 tables for drug use by case-control status for each age strata. In none of 

the stratified analyses were cases more likely to take implicated drugs than controls. Finally, 

we looked to see if drug use was associated with age. Statins were more common in the 

oldest age quartile but statins were not associated with case-control status in the oldest 

quartile of age. None of the other drugs were taken more commonly in the elderly. Patients 

experiencing diarrhea might have changed their medications. To explore that possibility, we 

restricted the analysis to patients who had taken the medication for at least 48 weeks during 

the year prior to their colonoscopy. The results were the same.

We repeated the analyses for drugs after excluding the patients who were included in the 

study from review of pathology reports. There results were not different.
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Certain drugs such as PPI’s can cause diarrhea. Patients with diarrhea were recruited for this 

study, and drug-induced diarrhea could have been differential between cases and controls. To 

explore this, we repeated the analyses for drugs controlling for PPI use. The estimates were 

unchanged.

We examined allergic conditions such as hay fever, asthma, eczema, drug allergy, food 

allergy and medication allergy (Table 4). Hay fever, drug allergies, and medication use for 

allergic conditions were common. Hay fever was less common in cases (aOR 0.58, 95% CI 

0.33-1.02). None of the other allergic conditions was more common in microscopic colitis 

cases in adjusted analyses, individually or in the aggregate.

Table 5 presents information on surgical history. The cases were less likely to have 

had a cholecystectomy (aOR 0.33, 95% CI 0.17-0.64) but not other operations. Because 

cholecystectomy can lead to bile salt induced diarrhea, we explored the association between 

stool frequency and cholecystectomy. We categorized the number of loose, watery or liquid 

stools in the week prior to colonoscopy into approximate quartiles: 0-2, 3, 4-5 and 6 

or more loose stools. Patients with a cholecystectomy overall (cases and controls) had a 

greater number of loose stools (p= 0.03). Supplementary Table 1 shows stratified analyses 

by case-control status. Cases with microscopic colitis who had a cholecystectomy had a 

greater number of loose stools than cases without a cholecystectomy (p=0.009). Controls 

who had a cholecystectomy did not have a larger number of loose bowel movements in 

the week prior to colonoscopy than controls without a cholecystectomy (p=0.09). Figure 1 

depicts loose, watery or liquid bowel movements per day in cases and controls stratified 

by cholecystectomy. The case group had substantially more loose stools than the controls 

among patients with prior cholecystectomy.

Patients who were eligible for this study were referred for an elective colonoscopy for 

diarrhea. Those without microscopic colitis (controls) might be more like to have irritable 

bowel syndrome (IBS). In addition to self-reported IBS, we used the strict Rome IV criteria 

to classify study subjects.19 As shown in Supplementary Table 2, cases were less likely to 

have been previously told by a doctor that they had IBS than controls (aOR 0.43, 95% CI 

0.21-0.85). Moreover, cases were substantially less likely to have IBS using the Rome IV 

Criteria for irritable bowel syndrome (aOR 0.19, 95% CI 0.05-0.66). Cases were less likely 

to satisfy the Rome IV criteria for bloating (aOR 0.62, 95% CI 0.36 – 1.06). The cases were 

also less likely to report that it had been 6 months or longer since they started feeling bloated 

or their abdomen looked unusually large, aOR 0.45, 95% CI 0.21-0.97.

In order to explore whether the results in the present study might be explained by a control 

group of patients with irritable bowel syndrome, we conducted an exploratory analysis of 

drugs and allergy stratified by IBS. For this analysis we defined IBS as whether a doctor had 

ever told the patient they had IBS. The number of patients who met the rigid Rome IV IBS 

criteria was too small (n=35) to support detailed analyses. As shown in Supplementary Table 

3, there were 74 patients who reported IBS and 242 with no report of IBS. After adjusting 

for age, sex and education, there was no difference between non-IBS microscopic colitis 

cases and non-IBS diarrhea controls for any allergy or any drug.
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DISCUSSION

We conducted a large case-control study of patients with diarrhea in order to learn more 

about microscopic colitis. As expected, the patients with microscopic colitis were older 

and predominantly women. While all of the patients in the present study had diarrhea, 

the microscopic colitis patients had worse diarrhea. They had more frequent loose bowel 

movements each day, more nocturnal stools and more urgency. They were also more likely 

to lose weight since their diarrhea began. The controls, were more likely to have pain and 

bloating, symptoms of irritable bowel syndrome. We found that patients with microscopic 

colitis may be especially susceptible to the effects of bile salts with a larger number of stools 

following cholecystectomy than controls. There were notable differences from the literature. 

We found no association with medications or allergy.

Microscopic colitis is the umbrella term for lymphocytic colitis and collagenous colitis. 

Although sometimes considered separate entities, we have included both lymphocytic and 

collagenous colitis in the present paper. The decision to combine the groups was motivated 

by the observation that both forms of microscopic colitis have had parallel increases 

in incidence, as well as with similar symptoms, age of onset, female predominance, 

and response to treatment.3,20 When lymphocytic and collagenous colitis are considered 

separately, the sample size is reduced in each group making it difficult to demonstrate 

associations. Our study, with 110 well characterized cases, is among the larger studies.

Many classes of drugs have been linked to microscopic colitis including PPIs, NSAIDs, 

SSRIs, statins and beta blockers. The fact that drugs from so many different classes have 

been implicated is unusual and hard to explain. Although there is the widespread belief 

that these medications are responsible for microscopic colitis, the quality of evidence 

is low as judged by the European Microscopic Colitis Group and United European 

Gastroenterology.21 Many of the studies lacked a control group.5,12, 22–27 A widely cited 

paper from Barcelona reported that patients with microscopic colitis were more likely 

to take SSRIs, NSAIDs, and statins. The controls were 53 patients seen for cataract or 

sino-nasal surgery.28 The observed effect could be a consequence of the choice of surgery 

patients as the comparison group. In fact, the study included a second comparison group 

with watery diarrhea. Compared to the surgical controls, the diarrhea controls were also 

significantly more likely to take SSRIs and statins, but not NSAIDS or beta blockers. The 

microscopic colitis patients were not compared to the diarrhea patients.

The largest studies of medication use in microscopic colitis have used a population-based 

approach to identify cases and community controls. Bondurup at al. identified 3474 patients 

with lymphocytic colitis and 2277 patients with collagenous colitis using the Danish 

Pathology Registry, and matched each patient by sex and age to 100 community controls.29 

The authors reported associations with PPIs, NSAIDs, statins and SSRIs. However, when 

they adjusted for more frequent endoscopic examinations, all of the associations were 

attenuated. Masclee et al. used both community controls and colonoscopy controls.30 The 

colonoscopies were performed for colon cancer screening and other indications. The number 

of positive associations was reduced to PPIs and NSAIDs in the colonoscopy controls. These 
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large studies demonstrate that when the controls are more similar to the cases (specifically 

colonoscopy patients) the drug associations are more limited.

A study from the University of Pennsylvania used a similar design to ours.31 They recruited 

26 microscopic colitis cases and 259 controls with diarrhea. None of the commonly 

implicated drugs – PPIs, SSRIs, statins – was more common in microscopic colitis cases 

than diarrhea controls in adjusted analyses. Guagnozzi et al. also compared 47 microscopic 

colitis cases to 317 diarrhea controls.32 There was no association with medications. The 

patients were younger and had a lower proportion of women than most studies. A recently 

published study from Columbia University and the Mayo clinic assembled microscopic 

colitis patients over a decade and matched them with up to two controls who underwent 

colonoscopy for diarrhea.33 They found an inverse association between microscopic colitis 

and PPIs, H2 blockers and oral diabetes medications.

Microscopic colitis has been reported to be associated with food allergies and asthma.34,35 

We asked patients about a number of allergic conditions such as food and drug allergy, 

asthma, eczema and hay fever. There were no positive associations with microscopic colitis 

individually or collectively. Hay fever was more common in controls.

Bile acid malabsorption has been reported in microscopic colitis and microscopic 

colitis patients with bile acid malabsorption respond to bile salt binding agents.36 

Budesonide treatment has been shown to significantly increase 75Se-labelled homocholic 

acid-taurine retention, a test for bile acid malabsorption and to improve symptom scores.37 

Cholecystectomy can increase exposure of the colon to bile acids When we compared 

the proportions of microscopic colitis patients with prior cholecystectomy to our diarrhea 

controls, we found that cholecystectomy was more common in the controls (aOR 0.33, 95 

CI 0.17-0.64. Because cholecystectomy is a cause of diarrhea, and therefore might lead to 

referral of our control patients for colonoscopy, we conducted an exploratory analysis that 

examined stool frequency by case-control status stratified by cholecystectomy. For controls, 

the number of loose stools was not associated with cholecystectomy status. For microscopic 

cases, there was a strong association between stool frequency and cholecystectomy. The 

mechanism could be related to the farnesoid X receptor (FXR). FXR acts as the main 

nuclear bile acid receptor playing a role in bile acid synthesis and intracellular bile acid 

accumulation.38 Patients with microscopic colitis have been found to have significant 

reductions in FXR expression in the colon, possibly making the colonic epithelial cells 

more susceptible to bile acids and contributing to disease pathogenesis and symptoms.38 

Our results provide further support for the belief that patients with microscopic colitis may 

be particularly susceptible to bile acids or that bile acids may have an etiologic role. The 

findings also support the use of bile acid binding agents in the management.39

The choice of the comparison group is critically important. In our study, the microscopic 

colitis population included patients who were referred by their physicians to a single 

university hospital for chronic diarrhea, underwent colonoscopy and agreed to participate 

in research that required extra colon biopsies and a telephone or internet interview. The 

most appropriate controls for these highly selected cases would be individuals drawn from 

the same population, that is, patients who were referred for chronic diarrhea, underwent a 
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colonoscopy and consented for research. The optimal controls are individuals who would 

be diagnosed with microscopic colitis at UNC if they had the disease.40 We believe that 

differences between our study and most prior studies is the fact that our controls had 

colonoscopies and biopsies for chronic diarrhea.

It is possible that our results are incorrect because the controls are overmatched to the cases. 

An example of overmatching would be a case-control study of smoking and lung cancer 

where the controls were patients with chronic obstructive lung disease (also caused by 

smoking). Such a study would fail to show an association between smoking and lung cancer. 

In our circumstance, there are two categories of diarrhea patients – microscopic colitis 

diarrhea (cases) and non-microscopic colitis diarrhea (controls). If a drug, say PPI, were 

responsible for both microscopic colitis and non-microscopic colitis diarrhea, we would not 

detect an association between the drug and microscopic colitis. All of the drugs previously 

implicated in the literature would have to be similarly associated with both microscopic 

colitis and sufficient diarrhea to lead to colonoscopy. We acknowledge that as a possibility, 

but think that it is unlikely.

Because of the highly selected nature of the cases and controls, the study is susceptible to 

bias. If there were factors that influenced referral and drug use differentially between cases 

and controls, the results would be biased.

Our study had some notable strengths. The study was larger than most. All of our patients 

had similar symptoms, referral patterns and access to care. In fact, when consented, we did 

not know whether they had microscopic colitis or not, which makes for a fair comparison. 

We obtained detailed information on a range of exposures. We adjusted for confounding 

factors.

The study was limited to a single center and included patients who were very well educated 

making the study results less generalizable. It is much more important to protect internal 

validity and avoid bias than to ensure the results are generalizable. The cases were 10 

years older than the controls, on average. All analyses were adjusted for age. We also 

conducted a number of additional analyses to be certain that the age imbalance did not 

explain the null results. We relied on self-report for exposures. The microscopic colitis cases 

had more diarrhea than the controls. We did not find evidence that this difference led to 

biased estimates. There is no reason to believe that there would be differential reporting by 

cases and controls, but the cases were aware of their microscopic colitis diagnosis at the 

time of the interview. Recall bias typically exaggerates risk estimates, and our results were 

generally null. The study was a case-control study. By definition, case-control studies are 

retrospective. Cases and appropriate controls are selected and past exposures determined. 

In contrast to case-control studies that rely on data that are already collected, we collected 

pre-specified data from patients who were enrolled prospectively. There could be ambiguity 

of the temporal association between exposure and disease. While the sample size was 

modest, the upper bounds of the 95% confidence intervals preclude a strong effect of any of 

the exposures.
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We found no association between microscopic colitis and medications, autoimmune disease 

and allergic conditions. Our study differed from most prior studies that included either no 

controls or community controls. We believe that our choice of diarrhea controls provided 

a more appropriate comparison population and explains why our results differ from others. 

Microscopic colitis is an important and growing problem that is likely to become even more 

important as the population ages. In order to discover the etiology and possible prevention 

we will need rigorous studies with appropriate design features. Future studies would benefit 

from prospectively collected data, careful exposure assessment, rigorous pathologic review 

and collection of biological specimens to begin to unravel the mechanisms for disease 

development.
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Figure 1. 
Loose, watery or liquid bowel movements per day in microscopic colitis cases and non

microscopic colitis controls stratified by cholecystectomy
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Table 1.

Characteristics of the study population

Cases
n=110

Controls
n=252

N or mean (% or SD N or mean (% or SD) Adjusted Odds Ratio† 95% CI

Age, years (mean, SD) 63.2 (12.7 SD) 54.5 (11.8) 1.06 1.03-1.08

Married 75 (70.8) 146 (66.7) 0.58 0.30-1.09

White race 102 (96.2) 186 (85.7) 2.33 0.74-7.36

Sex (female) 94 (86.2) 176 (69.8) 3.58 1.72-7.42

College education and beyond 70 (66.0) 97 (44.2) 2.78 1.50-5.17

Current smoker 12 (11.3) 46 (21.0) 1.43 0.60-3.42

BMI (mean, SD) 25.7 (6.4 SD) 29.5 (7.2 SD) 0.93 0.89-0.97

†
Adjusted for age, marital status, race, sex, education, smoking and BMI
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Table 2.

Symptoms reported by microscopic colitis cases and non-microscopic colitis controls

Cases
(n=110)

Controls
(n=252)

Adjusted odds ratio†

No. (%) No. (%) 95% CI

Number of loose, watery or liquid bowel movements each day during 
week before colonoscopy.

0-3 per day 33 (34.4) 107 (57.5) 3.31 1.84-5.98

>4 per day 63 (65.6) 79 (42.5)

Awaken from sleep to have a bowel movement during week before 
colonoscopy.

59 (61.5) 93 (50.3) 1.96 1.10-3.46

Abdominal pain during week before colonoscopy 50 (52.1) 126 (67.4) 0.79 0.44-1.41

Rush to the bathroom to have a bowel movement during week before 
colonoscopy

89 (92.7) 152 (81.3) 3.32 1.32-8.34

Lost weight since diarrhea began 62 (65.2) 79 % (42.5) 2.42 1.36–4.29

Accidental bowel leakage during month before colonoscopy 75 (68.2) 168 (66.7) 0.95 0.72-1.26

†
Adjusted for age, sex, education
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