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Abstract

Background & Aims—There is little evidence that adiposity associates with diverticulitis—
especially among women. We conducted a comprehensive evaluation of obesity, weight change,
and incidence of diverticulitis in a large cohort of women.

Methods—We conducted a prospective cohort study of 46,079 women enrolled in the Nurses’
Health Study, 61-89 years old and free of diverticulitis, diverticular bleeding, cancers, or
inflammatory bowel disease at baseline (in 2008). We used Cox proportional hazards models to
examine the associations between risk of incident diverticulitis and body mass index (BMI), waist
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circumference, waist to hip ratio, and weight change from age 18 years to the present. The primary
endpoint was first incident diverticulitis requiring antibiotic therapy or hospitalization.

Results—We documented 1084 incident cases of diverticulitis over 6 years of follow up,
encompassing 248,001 person-years. After adjustment for other risk factors, women with a BMI =
35.0 kg/m2 had a hazard ratio (HR) for diverticulitis of 1.42 (95% CI, 1.08-1.85) compared to
women with a BMI < 22.5 kg/m2. Compared to women in the lowest quintile, the multivariable
HRs among women in the highest quintile were 1.35 (95% CI, 1.02-1.78) for waist circumference
and 1.40 (95% ClI, 1.07-1.84) for waist to hip ratio; these associations were attenuated with further
adjustment for BMI. Compared to women maintaining weight from age 18 years to the present,
those who gained 20 kg or more had a 73% increased risk of diverticulitis (95% CI, 27%-136%).

Conclusions—Over a 6-year follow-up period, we observed an association between obesity and
risk of diverticulitis among women. Weight gain during adulthood was also associated with
increased risk.
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INTRODUCTION

Diverticulitis, or acute inflammation of colonic diverticula, is associated with acute and
chronic complications. It is among the leading gastrointestinal indications for hospitalization
and outpatient clinical visits in the U.S.1: 2, Accumulating evidence suggests an association
between dietary and lifestyle factors and disease development3-2.

Obesity is one of the major risk factors for a number of gastrointestinal diseases, including
gastroesophageal reflux diseasel?, pancreatic diseasell: 12, and colorectal cancer!3 14,
possibly due to chronic inflammation and alterations in gut microbiota, proposed drivers in
the pathogenesis of diverticulitis'®. Several studies from our group and others have
consistently demonstrated an association between higher body mass index (BMI) and
increased risk of diverticulitis1® or diverticular disease requiring hospitalization or as the
cause of death® 17: 18 However, evidence on obesity and diverticulitis remains sparse for
more common and mild presentations of this disease, especially among women. Beyond
BMI, limited evidence suggests that visceral fat may be more important in the pathogenesis
of diverticulitis'6: 19. 20 put it is unclear whether abdominal adiposity, as assessed by waist
circumference (WC) and waist-to-hip ratio (WHR), is also related to diverticulitis in women.
Furthermore, the influence of weight change on incidence of diverticulitis remains poorly
understood. Compared to studies of adult BMI, investigation of weight change may better
capture the effect of excess body fat during adulthood.

To address these knowledge gaps, we conducted a comprehensive evaluation of obesity and
incidence of diverticulitis in a large cohort of U.S. women, the Nurses’ Health Study (NHS).
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MATERIALS AND METHODS
Study Population

The NHS began in 1976 with 121,700 U.S. female registered nurses aged 30 to 55 years at
enrollment. Participants have been mailed questionnaires every two years since inception
querying demographics, lifestyle factors, medical history, and disease outcomes, with a
follow-up rate greater than 90% of available person-time. Details of the cohort have been
described elsewhere?!. The study was approved by Institutional Review Board of Brigham
and Women’s Hospital.

Assessment of Exposure

Participants were asked to report their height at enrollment and current body weight in
biennial questionnaires. Recalled weight at age 18 years was inquired in 1980. BMI was
calculated as weight in kilograms divided by height squared in meters. In 1986, participants
were asked to measure their waist at the umbilicus and hips at the largest circumference
between their waist and thighs, while standing and relaxed. Waist and hip circumference
information was updated using the same procedure in 1996 and 2000. Circumference
measurements were recorded to the nearest quarter of an inch, and WHR was calculated for
each set of circumferences. We assessed weight change from early adulthood (age 18 years)
to updated weight as reported in the current questionnaire cycle, which represented long-
term weight change from early adulthood??: 23, To evaluate the effect of recent weight
change, in a secondary analysis, we assessed 4-year weight change during follow-up, which
was calculated and updated using repeated weight assessments 4 years apart. We suspended
updating weight change information when a participant quit smoking or reported a diagnosis
of cancer, cardiovascular disease, or inflammatory bowel disease in the past 2 years to
reduce the influence of unintentional weight change and confounding from shared risk
factors?2,

In a validation study among 140 women within the NHS cohort, self-reported weight, waist
and hip circumference, and WHR were compared to the average of two measurements taken
by technicians approximately 6 months apart. Self-reported and measured weight, WC, hip
circumference, and WHR were highly correlated (correlation coefficients of 0.97, 0.89, 0.84,
and 0.70, respectively)?4. Recalled weight at age 18 has also shown high validity among 118
women within the parallel NHS Il cohort, with a correlation coefficient of 0.87 between
recalled and measured weight at age 182°.

Ascertainment of Outcome

In 2008 and 2012, participants were asked if they ever had a diagnosis of diverticulitis
requiring antibiotic therapy or hospitalization as well as diverticular bleeding requiring

blood transfusion and/or hospitalization. If yes, participants were subsequently asked the
year of each episode dating back to 1990. In 2014, participants were asked the same
question, but restricted to the last two years. In a review of 107 medical records from women
reporting incident diverticulitis on the 2008 questionnaire, self-report was confirmed in 88%
of cases. Recurrent diverticulitis was defined as cases with more than one episode of
diverticulitis. In 2012 and 2014, participants were asked to report if they ever had surgery for
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diverticulitis. The primary endpoint was diverticulitis requiring antibiotic therapy or
hospitalization, and we also included diverticular bleeding, recurrent diverticulitis, and
surgery for diverticulitis as secondary outcomes.

Assessment of Covariates

Since baseline and updated biennially, information on smoking status, menopausal status
and menopausal hormone use, physical examination, and use of multivitamin, aspirin, and
other nonsteroidal anti-inflammatory drug or acetaminophen was obtained. Physical activity
was assessed every 2—4 years using validated questionnaires26. Hypertension and
hypercholesterolemia were self-reported, and their validity previously confirmed?”. Usual
dietary habits were assessed every 4 years using validated semi-quantitative food frequency
questionnaires?8.

Statistical Analysis

We restricted the analysis to participants who returned 2008, 2012, or 2014 questionnaires
and restricted follow-up from 2008 to 2014 to ensure the cases were ascertained
prospectively. We also excluded those who reported a diagnosis of diverticulitis, diverticular
bleeding, non-melanoma cancers, or inflammatory bowel disease prior to 2008, or those
with missing exposure information. Person-time was calculated from the date of return of
the 2008 questionnaire until the date of diagnosis of diverticulitis or diverticular bleeding,
death, last return of a valid follow-up questionnaire, or the end of follow-up (June 2014),
whichever came first. We censored women who reported a new diagnosis of gastrointestinal
cancer or inflammatory bowel disease at the date of diagnosis.

Cox proportional hazards models were applied to assess the hazard ratio (HR) and 95%
confidence interval (CI). To control for confounding by age, calendar time, and any possible
two-way interactions between these two timescales, we stratified the analysis jointly by age
in years at start of follow-up and calendar time of the current questionnaire cycle.
Proportional hazards assumption was tested by including the product term between exposure
variable and age, and testing significance by Wald test. No deviation from proportional
hazards assumption was detected. We discretized BMI into 6 categories routinely used in
clinical practice to define subgroups for overweight and obese subjects?®. Quintiles were
created to categorize WC and WHR, with the lowest quintile as a reference. We also created
six categories of weight change from early adulthood to the present based on the observed
distribution (median weight change: 12.7 kg): weight loss = 2.0kg; loss or gain < 2.0 kg
(reference); gain 2.0-5.9 kg; gain 6.0-9.9 kg; gain 10.0-19.9 kg; and gain = 20.0 kg. These
cutoffs were comparable with those used in prior studies?3. Test for trend was assessed by
assigning the median value for the sample to each category and modeling this as a
continuous variable. We allowed exposures and covariates to be time-varying by updating
and using the most recent information prior to the questionnaire cycle of interest to account
for changes in these exposures and covariates over time. For example, BMI and covariates
from the 2008 questionnaire was used to calculate the risk for the period from 2008 to 2010.

In multivariate analysis, we adjusted for menopausal status and menopausal hormone use,
vigorous activity, alcohol intake, smoking, use of aspirin, other nonsteroidal anti-
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inflammatory drug, or acetaminophen, multivitamin use, physical examination,
hypertension, hypercholesterolemia, calorie intake, dietary fiber intake, and red meat intake.
In analysis of weight change, we additionally controlled for height and baseline weight. In
our analysis of WC and WHR, we further controlled for height and BMI to explore the
potential association independent of overall adiposity. We also classified participants jointly
by BMI and WHR and assessed the association with diverticulitis. We conducted stratified
analyses to evaluate whether the associations of BMI and weight change with diverticulitis
varied by subgroups defined by age, physical activity, and smoking status. Test for
interaction was performed by including the product term between BMI/weight change and
the stratified variable into the model and testing the statistical significance using Wald test.

Finally, we performed a sensitivity analysis by utilizing the full follow-up from 1990 to 2014
with the inclusion of cases that were reported on the 2008, 2012 and 2014 questionnaires
with dates of the episode between 1990 and 2008. Statistical analyses were conducted using
SAS software version 9.4 (SAS Institute Inc). All p-values are 2-sided and < 0.05 was
considered statistically significant.

In 2008, the baseline characteristics associated with categories of BMI, WC, and WHR in
the study participants are shown in Table 1. Women with higher BMI, WC, and WHR were
more likely to be physically inactive, past smokers, use aspirin and acetaminophen, and have
higher BMI at early adulthood, but less likely to be current smokers and use menopausal
hormone. They were more frequently diagnosed with hypertension, hypercholesterolemia,
and diabetes, and also tended to consume more red meat but less fiber, resulting in lower
scores on the healthy eating index30.

Over 6 years encompassing 248,001 person-years of follow-up, we documented a total of
1,084 incident cases of diverticulitis. We found a linear association between BMI and
increasing risk of diverticulitis (Table 2). After adjustment for various lifestyle and dietary
risk factors, compared to women in the reference group with a BMI < 22.5 kg/m?, the HRs
(95% Cls) were 1.31 (1.09-1.59), 1.35 (1.09-1.68), 1.51 (1.23-1.86), and 1.42 (1.08-1.85;
P-trend < 0.001) for those with a BMI 25.0-27.4, 27.5-29.9, 30.0-34.9, and = 35.0 kg/mZ,
respectively. The association of BMI with diverticulitis did not appear to differ according to
subgroups defined by age, smoking status, or physical activity (Supplemental Table 1).
Findings were similar in the sensitivity analysis using follow-up from 1990 to 2014, which
included 5,377 incident diverticulitis cases during 1,391,633 person-years (Supplemental
Table 2). Compared to women with a BMI < 22.5 kg/m?, those with a BMI 30.0-34.9 had a
HR of 1.45 (95% ClI, 1.32-1.60), and those with a BMI = 35.0 kg/m? had a HR of 1.58 (95%
Cl, 1.41-1.78; P-trend < 0.001). Higher BMI was also associated with increased risk of
diverticular bleeding (Table 2). Compared to women with a BMI < 22.5 kg/m?, the HRs
(95% Cls) were 1.98 (1.32-2.98), 1.97 (1.24-3.13), and 1.56 (1.01-2.41; P-trend = 0.02) for
those with a BMI 25.0-27.4, 27.5-29.9, and > 30.0 kg/m?, respectively.

We also examined the association of WC and WHR as measures of central adiposity with
risk of diverticulitis (Table 3). Compared to women in the lowest quintile, the multivariable
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HRs were 1.35 (95% CI, 1.02-1.78; P-trend = 0.06) among those in the highest quintile of
WC and 1.40 (95% ClI, 1.07-1.84; P-trend = 0.04) among those in the highest quintile of
WHR. With additional adjustment for BMI, the associations for WC (multivariable HR,
1.16; 95% CI: 0.82-1.63; P-trend = 0.57) and WHR (multivariable HR, 1.31; 95% CI: 0.99—
1.73; P-trend = 0.15) were attenuated and became not significant when comparing extreme
quintiles. We further classified participants according to combined categories of BMI (< 25
vs. = 25 kg/m?) and WHR (< 0.85 vs. > 0.85), with the group with BMI < 25 kg/m? and
WHR < 0.85 as the reference (Figure 1). Women who had a BMI = 25 kg/m? and WHR >
0.85 showed the highest risk of diverticulitis compared to the reference group (multivariable
HR: 1.38; 95% ClI, 1.11-1.72). Moreover, the association between WHR and diverticulitis
appeared to be more evident among women who were overweight or obese. In the sensitivity
analysis using follow-up from 1990 to 2014, WC and WHR were significantly associated
with risk of diverticulitis even after adjusting for BMI (Supplemental Table 3). After
accounting for BMI in addition to potential confounders, compared to women in the lowest
quintile, the HRs among those in the highest quintile were 1.26 (95% CI, 1.10-1.44; P-trend
<0.001) for WC and 1.23 (95% Cl, 1.10-1.37; P-trend < 0.001) for WHR.

Table 4 shows the weight change from early adulthood at age 18 years to present age in
relation to incident diverticulitis. In the analysis controlling for age, height, and weight at 18
years of age, women who gained 2.0-5.9 kg from age 18 years to the present had a 39%
increased risk of diverticulitis (95% CI, 0%-96%), and women who gained 20 kg or more
had an 80% increased risk (95% CI, 33%-144%; P-trend < 0.001), compared to those
maintaining their weight with loss or gain no greater than 2.0 kg. The association was robust
despite additional adjustment for potential confounders. A weight loss of 2.0 kg or more was
not significantly associated with diverticulitis. The association of weight change from age 18
to current with diverticulitis did not appear to differ according to early adulthood BMI, age,
smoking status, or physical activity (Supplemental Table 4).

In a secondary analysis, we assessed 4-year weight change during follow-up and risk of
diverticulitis (Supplemental Table 5). Compared to women who maintained their weight
(loss or gain < 1.0 kg), 4-year weight gain or weight loss was not significantly associated
with risk of diverticulitis. The association was not significantly different between
underweight/normal weight and overweight/obese people (Supplemental Table 6).

Among the 1,084 incident diverticulitis cases occurring during 2008 to 2014, we
documented 240 incident recurrent cases with more than one episode. The association of
BMI with an episode of recurrent diverticulitis seemed to be slightly stronger than that with
non-recurrent diverticulitis cases (Supplemental Table 7). As compared to women with a
BMI < 22.5 kg/m?, those with a BMI = 30.0 kg/m? had a multivariable HR of 1.66 (95% ClI,
1.09-2.51; P-trend = 0.002) for recurrent diverticulitis and 1.44 (95% Cl, 1.16-1.79; P-trend
< 0.001) for non-recurrent diverticulitis. We also utilized the full cohort with follow-up from
1992 to 2014 and identified 559 incident cases of surgery for diverticulitis. After adjusting
for other risk factors, the HRs (95% Cls) were 1.71 (1.30-2.24), 1.65 (1.22-2.24), 1.67
(1.24-2.26), and 1.56 (1.06-2.30; P-trend = 0.002) for women with a BMI 25.0-27.4, 27.5-
29.9, 30.0-34.9, and > 35.0 kg/m?, respectively, as compared to those with a BMI < 22.5
kg/m?2 (Supplemental Table 8).
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DISCUSSION

In this large prospective cohort of women, we found a consistent association between BMI
and risk of diverticulitis, independent of other dietary and lifestyle risk factors. Weight gain
from early adulthood was also associated with increased risk. Our findings provide an
additional rationale for maintaining a healthy weight throughout adulthood.

The relationship between BMI and diverticulitis was consistent with findings from previous
studies* 16-18_ In a prior prospective study, Rosemar et al observed that a BMI of > 25
kg/m?2 was associated with a 2-3 fold increase in the risk of hospitalization with a discharge
diagnosis of diverticular disease among middle-aged men in Sweden!”. However, data were
not available on several potential confounders, including physical activity, diet, and
nonsteroidal anti-inflammatory drug use. In several subsequent studies* 18, the association
between BMI and diverticular disease requiring hospitalization was shown to be independent
of other risk factors. Moreover, BMI was strongly associated with risk for complicated
diverticulitis'8. However, because all of these studies have been based on registry-level data
and included only hospitalized patients, their results may not be readily generalizable to the
larger group of patients with less severe disease managed in the outpatient setting3l. Our
prior analysis among men in the Health Professionals Follow-up Study showed an
association of obesity with diverticulitis that included both less severe forms of the disease
treated with antibiotics in the outpatient setting as well as more severe cases that led to
hospitalization or surgeryl®. The current study extends those prior findings by offering
evidence that obesity and weight change are associated with an increased risk of both mild
and severe diverticulitis in women, and the associations did not differ according to age,
smoking, physical activity, or body mass index at early adulthood.

Unlike the previous study where we demonstrated that the associations of WC and WHR
with diverticulitis remained largely unchanged with further adjustment of BMI in men18, we
showed these associations might not be independent of BMI in this cohort of women. Yet,
when BMI and WHR were jointly assessed, WHR appeared to play a role in determining
diverticulitis among women who were overweight or obese. Accumulating evidence
indicates that WC and WHR are positively associated with risk of chronic diseases such as
cardiovascular disease and cancer as well as mortality beyond overall adiposity32. Although
WC and WHR indirectly measure total abdominal fat, they may be better markers of visceral
fat than BMI. Visceral fat is metabolically more active than subcutaneous fat33 and has been
suggested to promote systemic inflammation34, through which it may affect the
pathogenesis of diverticulitis. Using a matched case-control study design, Yamada et al
reported that compared to controls with diverticulosis, the proportion of visceral obesity
defined by visceral fat area = 100 cm? in abdominal CT was significantly higher in the
patients with left-sided-diverticulitis!®. In another case series, diverticulitis patients with a
higher visceral/subcutaneous fat ratio had an increased likelihood of requiring emergency
surgery and having complications?0. However, prospective, population-based data on
abdominal adiposity and diverticulitis are lacking. Our data suggest that the clinical impact
of slight increase in WC and WHR over time may be low in terms of risk of diverticulitis in
women.
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Excess adiposity tends to accrue during early and middle adulthood for most people. Based
on data from the National Health and Nutritional Examination Survey, the mean weight gain
for U.S. women is approximately 0.5 to 1.0 kg per year3> 36, and this modest annual
accumulation typically leads to obesity over time. In a recent analysis?3, weight gain during
adulthood has been associated with increased risk of type 2 diabetes, cardiovascular disease,
cholelithiasis, and obesity-related cancers, as well as decreased odds of healthy aging, a
composite measure of major chronic diseases and cognitive and physical function. Our
results suggest that maintaining a healthy weight throughout adulthood may be important in
the prevention of incident diverticulitis. In contrast, 4-year weight change during follow-up
was not significantly associated with risk of diverticulitis, indicating that short-term weight
change is not a risk factor for diverticulitis compared to current body weight or long-term
weight change from early adulthood.

Our study has several strengths. First, we used a well-established cohort with prospective
design and minimal loss of follow-up. Second, we had repeated anthropometric
measurements, providing a unique opportunity to examine the long-term influence of
adiposity and weight change on risk of diverticulitis. Finally, a comprehensive and
longitudinal assessment of lifestyle and diet on repeated measurement enabled us to finely
control for potential confounders.

Potential limitations of our study should be noted. First, anthropometric measurements were
self-reported or recalled. However, robust validity has previously been established24: 25,
Second, the ascertainment of diverticulitis was also based on recalled and self-reported
information. Yet, we have restricted follow-up to prospective assessment of diverticulitis
from 2008 to 2014 to reduce the potential of recall bias and selection bias. Although the
validity of self-reported diverticulitis has been endorsed in the cohort with 88% of self-
reported cases confirmed by a review of medical records, we acknowledge that the
possibility of misclassification of some reported cases, which would attenuate the
association towards the null, could not be excluded. Third, data on WC and WHR were only
collected over several years, and changes over time would cause measurement error.
However, random errors in exposure assessments generally attenuate true associations
towards the null. Last, although the homogeneity of health care access and socioeconomic
status of our population helps minimize confounding and enhances the internal validity, the
results may not be as generalizable to other populations. Future investigations are needed to
determine whether BMI and abdominal adiposity are associated with a similar risk of
diverticulitis in a broader, more diverse population.

In conclusion, our results indicate an association between obesity and risk of diverticulitis in
a prospective cohort study of women. Weight gain during adulthood was also associated
with increased risk. Given the increasing prevalence of diverticulitis, with relatively few
known modifiable risk factors, our findings have important clinical implications in the
prevention of diverticulitis and provide further scientific rationale for adults to maintain a
healthy weight throughout adulthood.
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Figure 1.
Risk of diverticulitis according to joint categories of body mass index and waist-to-hip ratio

(2008-2014), with women who had a body mass index < 25 kg/m? and waist-to-hip ratio <
0.85 as the reference group. Body mass index was updated every 2 years from 2008 to 2012,
and waist-to-hip ratio was assessed in 2000. Model was adjusted for age, menopausal status
and menopausal hormone use, vigorous activity, alcohol intake, smoking, aspirin use, other
nonsteroidal anti-inflammatory drug use, multivitamin use, acetaminophen use, physical
examination, hypertension, hypercholesterolemia, calorie intake, fiber intake, and red meat
intake.
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