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The aim of this article is to evaluate geographic variation in the incidence of diverticulitis
and examine behavioral and environmental factors associated with high rates of
diverticulitis across the United States. We used state hospital discharge data from 20
states to determine rates of inpatient diverticulitis from January 2002 to December 2004
at patient’s county of residence. Next, we merged the county level data with behavioral
and environmental survey data from the Behavioral Risk Factor Surveillance System
(BRFSS). Finally, we determined the association between behavioral and environmental
factors (i.e., teeth removal, dental cleaning, air quality, smoking, alcohol, vaccine,
vitamins, and mental health) and high rates of diverticulitis. From |anuary 1, 2002, to
December 31, 2004, a total of 345,216 hospitalizations for acute diverticulitis were
recorded for 1,055 counties. We identified rates of diverticulitis that ranged from 35.4
to 332.7 per 100,000 population. On univariate analysis, high diverticulitis burden was
associated with regions of the country with substantial tooth loss from dental disease
(45.8% for high diverticulitis counties vs. 37.5% for low diverticulitis counties;
p = 0.0001). There is considerable variability in diverticulitis cases by county of
residence across the nation. Potential triggers of diverticulitis may be associated with

= seasonal variation

Diverticular disease is one of the most common conditions
affecting men and women in developed countries'; yet
potential causes of acute or chronic disease are unknown.
There has been a substantial increase in rates of diverticulitis
over the recent past with considerably more patients younger
than 50 years experiencing diverticular disease.?> Much of
the increased prevalence of diverticulosis is thought to be due
to changes in diet, specifically more processed food and a
deficiency of insoluble fiber.* This hypothesis is further
reinforced by the high rate of diverticulosis in Japanese
immigrants after assimilating a Western diet and lifestyle
despite the low rate of diverticulosis in Japan.>®

Acute diverticulitis is the most frequent complication of
diverticulosis.” Despite some understanding of the association
between diet and the development of diverticulosis, no actual
cause for an acute episode of diverticulitis has been identified.
Previously, it was assumed that the consumption of nuts, seeds,
and corn led to acute diverticular disease through luminal
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tooth removal and sun exposure.

trauma®~'%; however, more recent data have revealed no such
association.'! In fact, the consumption of some of these food
items is now proposed to be protective for diverticulitis."’

Recently, seasonal variation in diverticulitis cases was
described, with excess cases during summer months.'?
A potential trigger that is more prevalent in the summer
may thus account for the increased burden of disease in the
summer months. Given our prior work on the seasonality of
diverticulitis, it is possible that some summer time behavioral
or other environmental factor may trigger diverticulitis. To
answer this hypothesis, we first evaluated diverticulitis cases
across 1,055 counties, 20 states, and 4 census regions. Next,
we compared rates of age-adjusted diverticulitis cases at the
county level to determine populations with relatively high
burden of diverticular disease. Finally, we studied associa-
tions between those counties with a high burden of divertic-
ulitis cases and behavioral, environmental, and other health-
related factors.
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Materials and Methods

Data Source— Agency for Healthcare Research and
Quality

We obtained state hospital discharge data from the Agency for
Healthcare Research and Quality (AHRQ) and the Office of
Statewide Health Planning and Development in California. We
included data for 20 states with county-level place of residence
information in Arizona, California, Colorado, Florida, lowa,
Kentucky, Maryland, Michigan, North Carolina, Nebraska,
New Jersey, New York, Oregon, Rhode Island, South Carolina,
Utah, Vermont, Washington, Wisconsin, and West Virginia.'?
Our office has a data-use agreement with AHRQ and the
California Office of Statewide Health Planning and Develop-
ment. In addition, our study protocol was considered exempt
by our local Institutional Review Board.

Data Source—Behavioral Risk Factor Surveillance
System

The Centers for Disease Control and Prevention maintains the
world’s longest, continuously conducted health survey, the
Behavioral Risk Factor Surveillance System (BRFSS). This survey
reports 400,000 health-related telephone interviews in all 50
states, the District of Columbia, and three U.S. territories through
an annual core questionnaire and optional state models to assess
health-related risk behaviors, conditions, and use of preventative
services among civilian, noninstitutionalized adults (> 18 years).
The Selected Metropolitan/Micropolitan Area Risk Trends of
BRFSS (SMART BRFSS) uses BRFSS data at the city and county
level to provide prevalence rates for selected conditions and
behaviors.'

Data Source—U.S. Census

We obtained population data from the 2000 U.S. Census for
each county sampled from AHRQ. Census information was
used with discharge data to determine population age cate-
gories and calculate age-adjusted rates of diverticulitis for
each county sampled during the three years of the study
period. In addition, U.S. Census categories were used to define
boundaries of four geographic regions: Northeast, Midwest,
South, and West.'”

Study Population

We used International Classification of Diseases-9 (ICD-9)
diagnostic codes to identify all patients discharged with a
primary or secondary diagnosis of diverticulitis (ICD-9 code:
562.11 or 562.13) from January 1, 2002, through Decem-
ber 31, 2004. We did not include patients with only divertic-
ulosis or those with small bowel diverticulitis.

We used standard formulas to adjust county of residence
diverticulitis rates to the 2000 U.S. standard population. Age
adjustment was performed for each county from January 2002
through December 2004 and presented as the incidence of
diverticulitis hospitalizations per 100,000 population. We then
determined the mean rate for each county, analyzing all three
years and averaging the rates for one estimate. We encountered
incomplete data in 2002 for the state of Utah and thus deter-
mined the mean rate by the average of the age-adjusted rates for
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2003 and 2004 for each Utah counties. We identified 103
counties for which we had both AHRQ and BRFSS data and
grouped diverticulitis burden into tertiles based on mean diver-
ticulitis rates.

Behavioral Risk Factor Surveillance System—Variables
We used survey data from the 2004 SMART BRESS to develop an
understanding of local population behavioral and environmen-
tal factors. We selected nine variables for all sampled counties:
(1) teeth removal, (2) dental cleaning, (3) air quality, (4) smoking,
(5) alcohol, (6) vaccine, (7) sunburn, (8) vitamins, and (9) mental
health. Each of these variables corresponded to a specific
question within the BRFSS survey, as follows:

1. Teeth removal: “How many of your permanent teeth have
been removed because of tooth decay or gum disease?”

2. Dental cleaning: “How long has it been since you had your
teeth cleaned by a dentist or dental hygienist?”

3. Air quality: “In the past 12 months have you had an illness
or symptoms that you think was caused by something in
the air inside a home, office, or other building?”

4. Smoking: “Have you smoked at least 100 cigarettes in your
life?”

5. Alcohol: “Adults who report having had at least one drink
of alcohol in the past 30 days.”

6. Vaccine: “Have you ever had a pneumonia shot?”

7. Sunburn: “Have you had a sunburn within the past 12
months?”

8. Vitamins: “Do you currently take any vitamin pills or
supplements?”

9. Mental health: “Now thinking about your mental health,
which includes stress, depression, and problems with
emotions, for how many days during the past 30 days
was your mental health not good?”'®

Data were standardized according to the recommended
county-level weighting procedure'” to adjust for age, sex, race,
and geographic location and extrapolated to estimate prevalence
within each of the 103 counties sampled. We then calculated the
answers based on each respective BRFSS survey question for the
variables selected. For questions containing multiple answer
choices, we aggregated data into binary categories that could
be simplified into simple yes/no answers. For dental cleaning, we
aggregated responses into two groups: those whose last dental
cleaning was within the past 5 years and those whose last dental
cleaning was 5 or more years ago. For mental health, we
aggregated all nonzero responses (ranging from 1 to 30 days
of poor mental health in the past month). =Table 1 lists
behavioral and environmental variables for counties with ade-
quate sample size and available data.

Data Merge

Of 1,100 counties in the 20 states for which we had state
discharge data, 45 were excluded for incomplete data. After
aggregating county data into 3-year, age-adjusted rates of
diverticulitis incidence, we then identified those with a popula-
tion of at least 20,000 and for which we had BRFSS survey data.
This resulted in a total of 103 counties with a total population of
66,172,951, of which approximately 52.9 million were older

Clinics in Colon and Rectal Surgery  Vol. 29 No. 3/2016

259

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



260

Epidemiologic Analysis of Diverticulitis Jena et al.

Table 1 Behavioral and environmental data for counties with low, medium, and high rates of diverticulitis

Low diverticulitis Moderate diverticulitis | High diverticulitis | p
counties (n = 34) | counties (n = 35) counties (n = 34)
Population (%) 20,649,778 (31.2) | 22,409,651 (33.9) 23,113,522 (34.9)
3-y diverticulitis count (%) 26,651 (16.7) 49,616 (31.0) 83,715 (52.3)
Range of diverticulitis rate (per 100,000) | 9.1-69.6 70.1-95.5 96.3-149.0
Median diverticulitis rate (per 100,000) 60.3 75.3 108.3
Characteristics
Teeth removal 37.5 + 8.0% 41.8 +9.3% 45.8 + 5.7% 0.0001
Dental cleaning 86.2 + 4.8% 85.8 £ 4.3% 86.1 £ 5.1% 0.9
Air quality 20.4 + 3.0% 10.8 + 3.8% 20.6 + 3.4% 0.9
Smoking 18.2 +£5.3% 20.5 + 3.8% 20.1 &+ 3.6% 0.06
Alcohol 55.0 + 13.1% 54.9 + 9.5% 57.6 + 10.6% 0.5
Vaccine 21.2 + 3.3% 20.2 £ 3.3% 21.3 + 3.8% 0.3
Sunburn 39.9 + 9.8% 32.4 +9.8% 30.8 + 7.0% <0.0001
Vitamins 17.7 £ 27.9% 25.6 + 30.1% 18.6 + 27.5% 0.4
Mental health 35.3 +4.2% 33.0 £ 4.7% 33.0 + 4.4% 0.05

Notes: Behavioral and environmental data from the 2004 SMART BRFSS. The 3-y diverticulitis count for the state of Utah was projected based on data

from 2003 and 2004.

than 18 years. Based on the mean 3-year diverticulitis rates, we
divided these counties into tertiles, corresponding to “low,”
“moderate,” and “high” diverticulitis counties.

The data merge was performed at the level of patients’
county of residence. The master file recorded county-level
information for (1) diverticulitis rate from the State Inpatient
Discharge Data by county, (2) population data from the U.S.
Census, and (3) responses to the SMART BRESS questionnaire.

Statistical Analysis

We divided counties into tertiles based on mean diverticulitis
rates. We then used ANOVA for continuous data and chi-square
analysis for proportions to compare variables for all three groups.
The answers to the BRFSS questionnaire were included as
categorical variables to determine county-level determinants.
For the dental cleaning and mental health variables, survey
questions included multiple responses, and thus data were
dichotomized into non-overlapping categories (yes/no) to sim-
plify analyses. Prevalence of each variable type was determined
and tertiles were compared. Given the multiple statistical testing
performed, we used a Bonferroni adjustment to reduce the
potential for type I error. We performed all statistical analyses
using SAS 9.3 (SAS Institute, Cary, NC) and considered a value of
0.006 as significant.

Results

All Counties Data

Data were obtained from 20 states representing a total of
1,055 counties with a total population of 141,920,780 and
51,315,128 total inpatient discharges. A total of 345,216
(0.7%) discharges were coded with a primary or secondary
diagnosis of diverticulitis during the years 2002 to 2004. The
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yearly total diverticulitis case count was as follows: 108,790
(rate of 76.7 per 100,000) in 2002; 114,913 (rate of 81.0 per
100,000) in 2003; and 121,513 (rate of 86.6 per 100,000) in
2004. The average rate over the study period was 81.1 cases
per year per 100,000 population.

At the state level, the rates of age-adjusted diverticulitis
per 100,000 population ranged from a low of 35.4 cases in
California to a high of 134.2 cases in Florida. At the county
level, average annual rates per 100,000 population ranged
from alow of 7.5 cases to 332.7 cases in Okeechobee, FL, with a
mean of 91.5 + 42.8 across all counties. Rates of diverticulitis
for each county are plotted in ~Fig. 1.

In the master file, 103 counties met our inclusion criteria for
sample size and data availability and were divided into tertiles
based on average annual diverticulitis rate per 100,000 popu-
lation: “low” (9.1-69.6, median: 60.3), “moderate” (70.1-95.4,
median: 75.3), and “high” (96.3-149.0, median: 108.3). In
addition, at the regional level, we also observed geographic
variability across the four U.S. Census regions. Ranges for
diverticulitis rates per 100,000 population for each region
are as follows: Northeast (18.8-148.9, median: 98.2), Midwest
(55.2-131.6, median: 73.4), South (45.7-123.5, median: 85.2),
and West (9.1-93.6, median: 65.2). We noted that 17 (50%) of
the high diverticulitis counties in our study sample were found
in the Northeastern region of the country, while 20 (58.8%) of
the low diverticulitis counties were found in the West
(=Table 2). These 103 counties were included in subsequent
analysis using BRFSS variables (~Table 1).

Behavioral and Environmental Analysis

These data reveal no association between county age-adjusted
diverticulitis rates and the BRFSS variables of dental cleaning,
air quality, smoking, alcohol, vaccine, vitamins, or mental
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Fig.1 Mean annual rate of diverticulitis per 100,000 population in 20 states by county. Each circle represents the mean rate of diverticulitis from
2002 to 2004 in each county for which we have state hospital discharge data from the Agency for Healthcare Research and Quality and the Office
of Statewide Health Planning and Development in California. Note that we only included data for 2003 and 2004 for the state of Utah.

health. However, we did find a statistically significant associa-
tion between the highest tertile of diverticulitis cases and teeth
removal (p = 0.0001). In addition, counties with high rates of
diverticulitis also had decreased rates of sunburn history
(p < 0.0001).

Discussion

We found significant geographic variation in the incidence
rates of diverticulitis at county, state, and regional levels. The
majority (54.8%) of counties sampled in the Northeast were
identified in the highest tertile of diverticulitis cases, while
the counties in the West were never classified in the highest
tertile of diverticulitis cases. In fact, the majority (66.7%) of
counties in the Western part of the country belonged to the
lowest tertile of diverticulitis cases.

In our study, we identified substantial variability in popula-
tion rates of inpatient diverticulitis cases across the country.
These findings are consistent with other studies demonstrating
regional variation in diverticulitis attacks,'® as well as in other
conditions such as inflammatory bowel disease,'® and esoph-
ageal cancer.?’ Although we expected to find some degree of
variability, we were surprised to find rates of diverticulitis that
differed by an order of magnitude and greater.

We also identified particularly low rates of diverticulitis in
the Western part of the country. Although this may be
explained by increased fiber consumption®' or lower rates
of obesity?? in this region, this explanation does not explain
the high rates in the Northeast. Our findings do not clearly
indicate a north-south gradient, as some of the highest rates
of diverticulitis were found in Florida, while lower rates were
noted in Vermont and Oregon.

Table 2 Regional distribution for counties with low, moderate, and high rates of diverticulitis

Northeast

Midwest South West

Total counties (%) 31 (30.1)

9(8.7) 33 (32.0) 30 (29.1)

Population (%) 20,119,483 (30.4)

6,233,434 (9.4) | 15,672,640 (23.7) | 24,147,395 (36.5)

3-y diverticulitis count (%) 58,202 (36.4)

18,082 (11.3) 47,833 (30.0) 35,864 (22.4)

Range of diverticulitis rates (per 100,000) | 18.8-148.9 55.2-131.6 45.7-123.5 9.1-93.6
Median diverticulitis rate (per 100,000) 98.2 73.4 85.2 65.2

Low diverticulitis counties (n = 34) 5(16.1%) 3(33.3%) 6(18.2%) 20 (66.7%)
Moderate diverticulitis counties (n = 35) 9 (29.0%) 3(33.3%) 13 (39.4%) 10 (33.3%)
High diverticulitis counties (n = 34) 17 (54.8%) 3 (33.3%) 14 (42.4%) 0 (0%)

Notes: Defined by the U.S. Census Bureau. The 3-y diverticulitis count for the state of Utah was projected based on data from 2003 and 2004.
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Our study is meant to be hypothesis generating. In our
analysis of potential environmental or behavioral factors, we
found that high diverticulitis counties were more likely to
report high rates of tooth loss, specified as being due to
disease (including infection), not injury or orthodontics.
Periodontal disease has been associated with other condi-
tions such as coronary heart disease?>?* and rheumatoid
arthritis.?>%® In addition, tooth loss and edentulism (missing
all teeth) have been associated with gastrointestinal cancer,?®
heart disease,?® stroke,?6=2% and diabetes.?’ Our population
data suggest that diverticulitis may be yet another disease
associated with tooth loss. This is further reinforced, given the
association of diverticulitis with increased age. However,
these findings are just associations, as poor dental health
practices may also be an indicator of poor general health
status or socioeconomic factors connected to health-care
access. Interestingly, we found no significant association
between frequency of dental cleaning and diverticulitis cases;
thus, patterns of tooth removal do not directly correspond to
behaviors of preventive oral health. Direct mechanisms of
disease etiology have been suggested that may relate to oral
bacteria and inflammation in the link between dental disease,
particularly tooth loss, and stroke.?”-?¢ As inflammation is
directly involved in diverticulitis pathophysiology, the eco-
logical association between diverticulitis and dental health is
worth further clinical investigation.

The inverse association between diverticulitis and sunburn is
difficult to understand. Given the seasonal variation in divertic-
ulitis incidence, with more cases occurring in the summer
months,'?> we expected to find more sunburns in the counties
with high diverticulitis burden. Our findings are further perplex-
ing given that sunburn is essentially an inflammatory response
to UVB radiation. In mouse models, sunburn has been found to
activate caspase-1, a protein directly involved in inflammation®®
that has also been implicated in colitis.>' However, it is possible
that those individuals prone to sunburn derived some anti-
inflammatory effect from increased vitamin D. Others have
similarly shown reduced inflammation with increased vitamin
D levels. Sunburn may be interpreted as a proxy measure for sun
exposure, which has been found to be inversely associated with
multiple sclerosis>>32 and Crohn disease.>* In addition, sunlight
is the principle source for vitamin D production in the skin.
Vitamin D levels have been observed to fluctuate seasonally,>
although the use of sun-blocking agents and oral supplementa-
tion may complicate issues.>® Vitamin D deficiency has been
noted in many diseases of the digestive tract, including inflam-
matory bowel disease and colon cancer.>”-*® Furthermore, a
recent study of a Boston cohort of diverticulitis patients revealed
a significant relationship between prediagnostic serum vitamin
D levels and diverticular disease severity.3°

It should be noted that the geographic variation in diverticu-
litis rates does not easily correspond to latitude, as described
earlier, and thus there may be some behavioral factor at play. For
example, obesity may be associated with increased complica-
tions of diverticulitis,*® and adiposity reduces serum levels of
vitamin D due to sequestration.36 Sunscreen blocks most ultra-
violet radiation and thus may be an important confounder.
Further studies among patients living at various latitudes with

Clinics in Colon and Rectal Surgery  Vol. 29 No. 3/2016

data including sun exposure, sunscreen use, and use of vitamin D
supplementation are thus warranted.

The present investigation is limited by study design. The
ecological methodology is subject to ecological fallacy and
overinterpretation. We had no access to patient records and
actual behaviors of diverticulitis patients. In addition, state
discharge data do not capture number of episodes of disease,
complications, severity, diagnostic methods, or treatment deci-
sions. Patients treated in the outpatient setting were also
excluded. In our population analysis, we had a small number
of counties due to the limitations of survey data. BRFSS survey
data are self-reported and so inherently subject to bias; however,
BRFSS data have been shown to be reliable and valid compared
with similar surveys.41 Despite these limitations, the strength of
this study lies in its sheer size, geographic scope, and large
number of variables tested. Our findings do not provide an
obvious cause or trigger for diverticulitis but lead to hypothesis
generation and suggest further avenues for research. This has
great clinical utility, given the frequency of diverticulitis inci-
dence and increasing rates of disease.

In conclusion, our ecologic study of diverticulitis and
population behavioral risk factors reinforced the understand-
ing of geographic variability of disease incidence. We identi-
fied potential associations of diverticulitis hospitalization
with tooth removal and sun exposure. We were unable to
find significant associations between diverticulitis cases and
dental cleaning, air pollution, smoking, alcohol use, pneumo-
nia vaccination, vitamin consumption, or mental health
status. Our study should be used to propel further work
into behavioral factors associated or triggering diverticulitis.
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