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Abstract

BACKGROUND AND AIMS: Symptomatic uncomplicated diverticular disease is a controversial 

diagnosis defined as chronic gastrointestinal symptoms in patients with diverticulosis. We assessed 

whether individuals with diverticulosis had an increased risk of abdominal pain, irritable bowel 

syndrome, or altered bowel habits.

METHODS: We performed a prospective cohort study of participants who had a first-time 

screening colonoscopy at the University of North Carolina between 2013 and 2015. The 

colonoscopy included a detailed assessment for diverticulosis. Participants completed a follow-up 

interview between 2019 and 2020 to measure bowel habits and gastrointestinal symptoms. Poisson 

regression was used to estimate relative risk and 95% confidence intervals (CIs).

RESULTS: Among the 310 participants, 128 (41%) had diverticulosis at baseline. Follow-up 

interviews were performed a mean of 6.8 years after the baseline colonoscopy. After adjustment 

for confounders, there was no association between diverticulosis and abdominal pain lasting >24 

hours (relative risk [RR], 0.40; 95% CI, 0.05–3.45) or symptoms of irritable bowel syndrome (RR, 

1.30; 95% CI, 0.69–2.42) at the time of follow-up. Compared to those with no diverticulosis, 
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participants with diverticulosis were more likely to have more frequent bowel movements per day 

(RR, 1.60; 95% CI, 1.05–2.44). The association was stronger in participants with >10 diverticula 

(RR, 2.03; 95% CI, 1.19–3.48). Diverticulosis was not associated with altered stool consistency.

CONCLUSION: These findings suggest that diverticulosis is associated with more frequent 

bowel movements contrary to the widespread belief that patients with diverticulosis are 

constipated. Diverticulosis was not associated with abdominal pain or symptoms of irritable 

bowel syndrome. The diagnosis of symptomatic uncomplicated diverticular disease must be 

reconsidered.
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Introduction

Colonic diverticulosis is a common condition in the United States. Most diverticula 

are acquired with age. Diverticula form when mucosa and submucosa prolapse through 

natural weak points in the muscle wall where blood vessels penetrate. Recent genome-

wide association studies suggest that genes associated with neuromuscular function and 

connective tissues play a role in diverticulosis.1 The number, size, and distribution of 

colonic diverticula increase with age.2 More than 70% of individuals over the age of 

80 years have diverticulosis on colonoscopy.3 Despite limited evidence, diverticulosis 

has been associated with chronic gastrointestinal symptoms also known as symptomatic 

uncomplicated diverticular disease (SUDD).4

SUDD is a controversial diagnosis sometimes defined as bloating, abdominal pain, or 

altered bowel movements and is reportedly indistinguishable from the symptoms of irritable 

bowel syndrome.5 In one report, as many as 25% of individuals with diverticulosis will 

develop SUDD.5 On the other hand, a cross-sectional study found no association between 

diverticulosis and symptoms of irritable bowel syndrome.6 SUDD has also been defined as 

moderate to severe left lower quadrant pain that lasts more than 24 hours in individuals with 

diverticulosis.7 While there is a growing literature on SUDD, inadequate evidence supports 

this diagnosis, particularly in the United States. Ongoing gastrointestinal symptoms after an 

acute episode of diverticulitis (incidence: 180/100,000 persons per year) are also common 

and should not be confused with SUDD.8,9

We performed a prospective cohort study to determine whether individuals with 

diverticulosis are at increased risk of experiencing protracted abdominal pain, symptoms 

of irritable bowel syndrome, or altered bowel habits compared to individuals without 

diverticulosis. Our study included participants who had a screening colonoscopy at baseline 

with a standard assessment for diverticulosis and, years later, a structured interview 

for chronic gastrointestinal symptoms. We excluded participants with a history of acute 

diverticulitis because ongoing gastrointestinal symptoms are common after recovery from an 

acute episode of diverticulitis.10
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Methods

We performed a prospective cohort study using data collected at the University of North 

Carolina Hospital (UNC) in Chapel Hill, North Carolina. The first phase of the study 

recruited 619 outpatients undergoing a first-time screening colonoscopy between 2013 and 

2015 at the UNC. UNC is a not-for-profit medical system and a safety net institution 

for the state of North Carolina. The UNC patient population is diverse with respect 

to socioeconomic status, race/ethnicity, and religion. Screening colonoscopy in the UNC 

system is largely opportunistic and generally representative of the US screening population. 

The study included patients 30 years of age and older with at least a satisfactory preparation 

and a complete examination to the cecum. A research assistant measured the participant’s 

height and weight on the day of the colonoscopy. The research assistant was present during 

the entire colonoscopy. The gastroenterologist counted the number of diverticula in each 

segment of the colon. The research assistant recorded information from the procedure on a 

data-collection form. Prior to the colonoscopy, each participant was invited to complete a 

detailed interview to obtain information on demographics, past medical history, and lifestyle 

factors.

In the second phase of the study, 420 participants who completed baseline telephone surveys 

were invited to complete a second, follow-up phone interview. Participants were interviewed 

between 2019 and 2020 about bowel habits, laxative use, and gastrointestinal symptoms 

over the last 3 months. Bowel movement frequency and stool form using the Bristol Stool 

Scale were reported.11 Gastrointestinal symptoms were assessed using Rome III diagnostic 

criteria questions for irritable bowel syndrome. Abdominal pain from SUDD was defined 

as pain in the left side of the abdomen lasting at least 24 consecutive hours.7 Participants 

reported all health-care utilization for diverticular diseases and any interval colonoscopies. 

The results from interval colonoscopies were obtained and data extracted. As part of the 

interview, participants were asked if they had ever been diagnosed with diverticulosis. 

Self-report was not used to classify cases and controls but to understand whether patients 

were aware of the diagnosis. Participants were also asked if and how they changed their diet 

because of a diverticulosis diagnosis. Informed consent was obtained from all participants. 

The University of North Carolina School of Medicine Institutional Review Board approved 

this study.

Means and standard deviations were calculated for continuous variables and proportions 

for categorical data. Cases were defined as participants with diverticulosis on the baseline 

colonoscopy. Controls had no diverticulosis on the baseline colonoscopy. We excluded 

participants (n = 7) with a self-reported history of diverticulitis. To determine the association 

between colonic diverticulosis and prevalent gastrointestinal symptoms, modified Poisson 

regression with robust error variance was used to estimate relative risk and 95% confidence 

intervals (CIs).12 The 10% change-in-estimate approach was used to identify confounding 

variables.13 The final models were adjusted for age, sex, and daily total fiber intake. 

We assessed for effect measure modification by sex. We performed analyses with all 

diverticulosis cases and by number of diverticula in categories (1–3, 4–10, >10). All tests of 

significance were 2-tailed, and P values <.05 were considered significant. The analysis was 
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performed using SAS 9.4 (SAS, Cary, NC). All authors had access to the study data and 

reviewed and approved the final manuscript.

Results

A total of 420 patients were invited for interview between March 2019 and May 2020. 

Interviews were completed on 317, 60 could not be located, 38 refused, 3 were deceased, 

and 2 were ineligible. Seven of the interviewed patients had a history of diverticulitis 

and were excluded (Figure). The follow-up interview was performed a mean of 6.8 years 

(standard deviation 0.2 years) after the baseline colonoscopy. All 310 participants had a 

baseline colonoscopy as part of our research study, and 82 participants had at least 1 

subsequent colonoscopy. The subsequent colonoscopies were performed for any clinical 

indication and were not performed as part of our research study. Among those who had 

diverticulosis on the baseline colonoscopy, 69% had diverticulosis reported on a subsequent 

colonoscopy (kappa, 0.5; 95% CI, 0.3–0.7). For those with unreported diverticulosis on 

the subsequent exam, the mean number of diverticula on the baseline colonoscopy was 

10 compared to 18 for those with diverticulosis reported on follow-up. Among those who 

did not have diverticulosis on the baseline colonoscopy, 18% had diverticulosis recorded 

on the subsequent colonoscopy. Participants who were found to have diverticulosis on the 

subsequent colonoscopy were more likely to be older, male, and to have an overweight or 

obese body mass index than those who did not develop diverticulosis.

Among the 310 participants, 128 (41%) had diverticulosis on the baseline colonoscopy. 

Participants with diverticulosis were more likely to be older, male, and to have an 

overweight or obese body mass index than those without diverticulosis (Table 1). Among 

participants with diverticulosis, 23% had 1–3 diverticula, 41% had 4–10 diverticula, and 

34% had more than 10 diverticula. With regards to distribution, 62% of participants with 

diverticulosis had only distal diverticula, 32% had diverticula in the distal and proximal 

colon, and 6% had only proximal diverticula. Among those with diverticulosis, 82% did not 

recall being given a diagnosis of diverticulosis. Among those who recalled the diagnosis, 

17% (n = 4) reported that they changed their diet. Among those who changed their diet, 50% 

(n = 2) started a high-fiber diet, and 25% (n = 1) began avoiding nuts, seeds, and popcorn.

In our cohort, the prevalence of left-sided abdominal pain lasting at least 24 consecutive 

hours was 1% in cases and 2% in controls (Table 2). After adjustment for potential 

confounders, there was no association between diverticulosis and abdominal pain lasting 

>24 consecutive hours (relative risk [RR], 0.40; 95% CI, 0.05–3.45). Among participants, 

13% of cases and 11% of controls met the criteria for Rome III irritable bowel syndrome. 

There was no association between diverticulosis and irritable bowel syndrome (RR, 1.30; 

95% CI, 0.69–2.42).

After adjustment for potential confounders, participants with diverticulosis were more likely 

to have greater than 1 but less than 3 bowel movements per day (RR, 1.60; 95% CI, 

1.05–2.44) than have 1 bowel movement per day. Because diverticulosis is thought to be 

associated with constipation, we examined laxative use as a marker of constipation. The 

prevalence of regular or occasional laxative use was 15% in cases and 18% in controls. 
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Compared to controls without diverticulosis, there was no association between diverticulosis 

and laxative use (RR, 0.79; 95% CI, 0.47–1.35) (Table 2). Diverticulosis was not associated 

with stool consistency, either hard stool (Bristol types 1 & 2) (RR, 0.84; 95% CI, 0.37–1.89) 

or loose stool (Bristol types 6 & 7) (RR, 1.75; 95% CI, 0.71–4.31) compared to regular stool 

consistency (Bristol types 3, 4, & 5). The results were unchanged in analyses stratified by 

sex. There was no significant association between diverticulosis and having 3 or more bowel 

movements per day (RR, 1.46; 95% CI, 0.68–3.17).

We next stratified by number of diverticula to determine whether effects might be stronger 

or more apparent among participants with more numerous diverticula. The outcome of 

left-sided abdominal pain was too rare to model with diverticula in categories by number. 

The association between diverticula and bowel frequency was stronger in participants with 

>10 diverticula (RR, 2.03; 95% CI, 1.19–3.48) (Table 3).

Discussion

In this prospective cohort study with a baseline exam for diverticulosis, we found that 

participants with diverticulosis are not at increased risk for symptoms of irritable bowel 

syndrome or the protracted left lower quadrant abdominal pain associated with SUDD. 

There was no association between a higher burden of colonic diverticula and painful 

abdominal symptoms. Participants with diverticulosis were not more likely to take laxatives 

or to have less-frequent bowel movements. Instead, participants with diverticulosis were 

more likely to have >1 bowel movement per day, and the association was stronger in 

participants with >10 colonic diverticula. There was no significant association between 

diverticulosis and altered bowel consistency.

It has been estimated that as many as 25% of individuals with diverticulosis will develop 

SUDD based on studies from Italy.5 SUDD has been defined as abdominal pain and changes 

in bowel habits attributed to diverticula in the absence of alternate etiologies.14–16 SUDD 

has also been defined as abdominal pain in patients with diverticulosis in the absence 

of any complications (stenosis, abscess, fistulas) and in the left lower quadrant lasting 

for more than 24 hours.7,17,18 The pain is thought to arise from muscular contractions 

and/or chronic low-grade inflammation. Recent colonoscopy-based studies have found no 

association between diverticulosis and mucosal inflammation.6,19 In a 24-hour manometry 

study, patients with diverticulosis had a significant increase in regular patterns of phasic 

pressure activity compared to controls, and 30% reported cramping and lower abdominal 

pain during colonic contractions.20 The study was based on small numbers (12 patients), and 

the contractions lasted for 5–10 minutes while SUDD has been defined as pain lasting for 24 

hours.

In a prior cross-sectional study, we found no association between diverticulosis and 

irritable bowel syndrome or nonspecific chronic abdominal pain.6 Irritable bowel syndrome 

(IBS) symptoms were measured in the months before the colonoscopy, not years later 

when symptoms may have developed. A colonoscopy-based study in Sweden found that 

diverticulosis was associated with diarrhea-predominant IBS, but only in participants over 

the age of 60 years (odds ratio, 9.66; CI, 1.08–84.08).14 The estimate was imprecise, 
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confounding variables were not considered, symptoms were assessed at some time before 

the colonoscopy, and the colonoscopy was not performed with a standard assessment for 

diverticulosis. In contrast, the present study included a colonoscopy with assessment for 

diverticulosis and then followed up patients prospectively and systematically determined 

whether they had the abdominal pain associated with SUDD or symptoms associated with 

IBS. We found that participants with colonic diverticulosis are not at increased risk for 

symptoms of irritable bowel syndrome or the abdominal pain associated with SUDD. This 

suggests that diverticulosis is not commonly associated with painful symptoms, if at all.

Because diverticula are herniations through the colon wall, physicians historically assumed 

that high pressure in the colon caused the mucosa to herniate through the muscularis. A low-

fiber diet and constipation were thought to contribute to the high pressure.21,22 In clinical 

practice, fiber supplements were recommended to patients with diverticulosis because 

these patients were thought to be constipated. Contrary to these beliefs, recent cross-

sectional studies have found that constipation and a low-fiber diet were not associated with 

diverticulosis.23–25 A cross-sectional study also found no association between diverticulosis 

and straining or incomplete bowel movements.24 Instead, individuals with more frequent 

bowel movements were more likely to have diverticulosis.23,24 The finding of more frequent 

bowel movements in individuals with diverticulosis was also found in the colonoscopy-

based study from Sweden.14 In the Swedish study, diverticulosis was associated with mushy 

stool, high-frequency defecation, urgency, and passing mucus.14 Again, all these studies 

assessed bowel habits prior to colonoscopy.

In contrast with prior cross-sectional studies, we performed a prospective study with a 

standardized assessment for diverticulosis in all participants. We found that individuals with 

diverticulosis had more frequent bowel movements, and the association was stronger in 

participants with more diverticula. Evidence from genome-wide association studies suggests 

that loci associated with the colonic neuromuscular function play a role in diverticulosis 

pathogenesis.1 Evidence from histopathology studies suggests enteric myopathies and 

neuropathies in the bowel wall of patients with a history of diverticular disease 

(diverticulosis and diverticulitis).26 There is also some evidence to suggest that patients 

with diverticulosis have altered neuropeptides and response to electrical stimulation which 

could drive faster colonic transit and more frequent bowel movements.27,28 Altogether, 

this suggests that individuals with diverticulosis may have altered colonic motility but not 

slow transit as previously assumed. High-quality studies of colonic motility in patients 

with diverticulosis have not yet been performed and will be an important next step in 

understanding this disease.29

In our cohort, most (82%) participants with diverticulosis did not recall being given a 

diagnosis. Among the few who recalled the diagnosis, very few changed their diet, with 

only 1 participant avoiding nuts, seeds, and popcorn. These findings may be specific to our 

institution. At our institution, we educate our patients that while diverticulosis is common, 

most patients never develop a complication, and there is no reason to avoid nuts, seeds, and 

popcorn.30
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This study has notable strengths. We performed a prospective cohort study, and every 

participant had a baseline colonoscopy that included a standardized assessment for 

diverticulosis with a research assistant present. Because of the uniform assessment in a 

screening population, there was no risk of participants being diagnosed with diverticulosis 

because of a history of chronic gastrointestinal symptoms. UNC is a not-for-profit medical 

system, and our screening population is diverse with respect to socioeconomic status, 

race/ethnicity, and religion. We had extensive baseline clinical information on the cohort 

including demographics, medical history, and medication use and were able to account 

for confounding variables in our analyses. We excluded participants with a history of 

diverticulitis because ongoing gastrointestinal symptoms are common after recovery from an 

acute episode of diverticulitis.10 This work has limitations. Our cohort is small, and some of 

the controls may have developed diverticulosis since the baseline colonoscopy which would 

bias our results towards the null. Some of our sub-analyses may be underpowered. Among 

those who did not have diverticulosis on the baseline colonoscopy, 18% had diverticulosis 

recorded on the subsequent colonoscopy. We performed a sensitivity analysis in those with 

diverticulosis on the baseline or subsequent colonoscopy, and our results were unchanged. 

While we do not know the reproducibility of diverticulosis on colonoscopy, a research 

assistant was present for the duration of each exam to capture the number, size, and location 

of diverticulosis in each colon segment.

In conclusion, providers should hesitate to make a diagnosis of SUDD in patients with 

diverticulosis and chronic, painful abdominal symptoms. Instead, an alternative diagnosis 

should be sought. Diverticulosis is associated with more frequent bowel movements, not 

infrequent bowel movements. Research using high-quality assessments of colonic motility 

will be an important next step in understanding this common condition.
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Figure. 
Flow diagram of participants included in our study.
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Table 1.

Baseline Characteristics

Diverticulosis No diverticulosis

Participant characteristics n = 128 n = 182

Age at follow-up interview, y 63 ± 7 60 ± 6

Sex

 Male 51% 36%

 Female 49% 64%

Race

 White 80% 83%

 Black 19% 15%

 Other 2% 2%

Smoking status

 Never 51% 65%

 Former 42% 27%

 Current 7% 8%

Body mass index, kg/m2

 Underweight (<18.5) 2% 3%

 Normal (18.5–25) 30% 38%

 Overweight (25–30) 33% 27%

 Obese (>30) 35% 32%

Physical activity per d, metabolic equivalent of task, min 1776 ± 278 1758 ± 220

Daily dietary intake

 Total energy intake, kilocalories 2131 ± 795 1996 ± 755

 Total fiber, grams 21 ± 9 20 ± 10

Nonsteroidal anti-inflammatory drug use per mo

 Never 75% 63%

 1–4 Times 6% 18%

 > 4 Times 19% 19%

Aspirin use per mo

 Never 66% 74%

 1–4 Times 2% 2%

 >4 Times 31% 24%

Alcohol use, drinks per mo 12 ± 22 10 ± 15

Data are given as n (%) or mean ± standard deviation.
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