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Abstract
AIM: To characterize the increasing incidence and 
geographic variation of acute diverticulitis.

METHODS: Using the nationwide inpatient sample 
(NIS) we identified a cohort who had been admitted 
with diverticulitis between 1998 and 2005. We calcu-
lated age-, sex-, and region-specific rates of hospital-
izations for diverticulitis over time.

RESULTS: The age-adjusted hospitalization rate for di-
verticulitis increased from 61.8 per 100 000 to 75.5 per 
100 000 between 1998 and 2005, and increased simi-
larly in both sexes. Diverticulitis-associated admissions 
were male-predominant in those younger than age 45 
years but were female-predominant thereafter. Admis-
sion rates increased the most among those < 45 years, 
while remaining unchanged for those ≥ 65 years. By 
2005, the majority of hospitalized patients were < 65 
years. Age-adjusted rates of diverticulitis-associated 

hospitalizations were lower in the West (50.4/100 000) 
compared to the Northeast (77.7/100 000), South 
(73.9/100 000), and Midwest (71.0/100 000).  

CONCLUSION: Diverticulitis-associated hospitaliza-
tions have steeply risen, especially in young adults.  
These epidemiological trends vary by geographic re-
gion and warrant further investigation into potential 
dietary and environmental etiologies.
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INTRODUCTION
Diverticular disease of  the colon is among the most preva-
lent conditions in Western society and is among the lead-
ing conditions for outpatient visits and hospitalizations[1,2]. 
The prevalence of  diverticular disease increases with age, 
occurring in less than 10% of  those who are younger than 
40 years and being as high as 66% in those older than 80 
years[3]. Between 10%-25% of  individuals with colonic 
diverticula will develop diverticulitis[4], of  which a quarter 
can develop life threatening complications such as obstruc-
tion, perforation and intraperitoneal abscess formation[5].

There is significant geographic variation in the preva-
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lence of  diverticular disease, occurring much less com-
monly among Asians compared to western populations[4]. 
This observation has led to the theory that low-fibre diets 
may contribute to the development of  colonic diverticu-
la[6]. Additionally, there is emerging evidence that obesity 
and body mass index may also be predisposing factors[7,8].  

Though diverticular disease is generally thought to be 
a disease of  older adults, there are increasingly common 
reports of  diverticulitis in individuals younger than 50 
years[9]. Based on single-centre reports, these cases were 
often male-predominant[10] accompanied by a more ag-
gressive disease course[8,11]. Using the nationwide inpatient 
sample (NIS), we sought to ascertain nationwide trends 
in hospitalizations for diverticulitis particularly among 
cases of  younger onset and to evaluate for geographic 
variations in hospitalization rates within the US.

MATERIALS AND METHODS
Data source
All data were extracted from the NIS between 1998 and 
2005. The NIS is maintained as part of  the Healthcare cost 
and utilization project (HCUP) sponsored by the Agency 
for healthcare research and quality (AHRQ).  These data-
bases reflect a 20% stratified sample of  non-federal, acute-
care hospitals in the United States. The sampling frame 
includes community and general hospitals and academic 
medical centers comprising approximately 90% of  all 
hospital discharges in the United States. Hospitals were 
grouped into 60 strata based on five hospital characteris-
tics: US census region, location (urban versus rural), teach-
ing versus non-teaching status, ownership (non-federal 
private or public), and bed-size (tertiles). Each data entry 
included a unique identifier, demographic variables (defined 
as age, gender, and race/ethnicity, median income for ZIP 
code), discharge disposition, primary and secondary diag-
noses (up to 15), primary and secondary procedures (up to 
15), primary insurance payers, total hospital charges, and 
length of  stay. NIS data concurs with the National hospital 
discharge Survey, supporting data reliability[12]. 

Eligibility criteria
Our analysis included all hospital discharges between the 
years of  1998 and 2005 that were admitted with a primary 
or secondary diagnosis of  diverticulitis as identified by 
Clinical Modification of  the international classification of  
diseases, 9th revision (ICD-9-CM) codes (562.11, 562.13) 
and with a length of  stay greater than 1 d. 

Statistical analysis
Data were analyzed using the Stata 10.0 SE software pack-
age (Stata Corp LP, College Station, Texas). Analyses took 
into account the stratified two-stage cluster design using 
stata’s SVY (survey data) commands and incorporating 
individual discharge-level weights. Weighting functions 
using these hospital and discharge weights were applied 
to the 20% NIS sample to estimate the total number hos-
pitalizations for diverticulitis throughout the US stratified. 

The primary outcome was rate of  hospitalization for di-
verticulitis in the US population. We used the US resident 
population census from 1998 to 2005 published by the US 
Census Bureau as the denominator for rate calculations. 
We calculated age-adjusted rates with the direct standard-
ization method using the US standard population from 
2000. We also calculated age-specific and sex-specific rates 
of  hospitalization for diverticulitis and then calculated the 
percent increase for each year of  the study relative to the 
baseline rate in 1998 within each age group. These analy-
ses were repeated stratified by the US geographic regions: 
the Northeast, West, South, and Midwest.   

Ethical considerations
The analysis of  the Nationwide inpatient sample uses 
completely unidentified data with no risk of  loss of  con-
fidentiality and an initial expedited review by the Institu-
tional Review Board of  the Johns Hopkins Medical Insti-
tutions deemed it exempt from further ethical review.  

RESULTS
Demographics of diverticulitis admissions
There were 323 097 hospital admissions for acute diver-
ticulitis in the NIS database between 1998 and 2005. The 
demographic characteristics of  the study population are 
shown in Table 1 stratified by geographic region. There was 
a greater proportion of  diverticulitis admissions in patients 
who were 65 and older in the Midwest (50%) and the South 
(49%) compared to the Northeast (44%) and the West 
(46%). There was a greater percentage of  minority Blacks 
and Hispanics in the South and the West (Table 1).  

Epidemiological trends
The rate of  hospitalization increased with age in both 
males and females as shown in Figure 1. Diverticulitis 
admissions were male-predominant in those younger than 
44 years with male-to-female ratio that is as high as 2.8 
among those between those 25 and 34 years. For those 
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Table 1  Demographics of admissions for acute colonic diver-
ticulitis

Geographic region (%)

Northeast Midwest South West

Age group
15-24 yr  < 1  < 1  < 1  < 1
25-44 yr   17   15   15   16
45-64 yr   38   35   36   37
≥ 65 yr   44   50   49   46

Sex
Male   42   40   39   43
Female   58   60   61   57

Race1

Non-hispanic white   86   93   80   76
Black     6     5     9     4
Hispanic     6  < 1     9   15
Other     2     2     2     3

1Based on admissions with race data which was missing in 25%.



between 45 and 54 years of  age, hospitalizations for di-
verticulitis were similar between sexes, while after age 54 
years, it became increasingly female-predominant.  

Table 2 shows the age- and sex-specific rates of  hos-
pitalization for acute diverticulitis during the 8 year study 
period. Age-adjusted diverticulitis-associated hospitaliza-
tions increased in both males (52.8 to 59.2 per 100 000) and 
females (67.3 to 79.6 per 100 000) and across all age groups. 
The overall age-adjusted hospitalization rate for diverticu-
litis increased from 61.8 per 100 000 to 75.5 per 100 000 
during the study period. Figure 2 depicts the relative per-
centage increase in hospitalization rate for each age group 
relative to the baseline rate in 1998. This relative increase 
was inversely proportional with age, being sharpest in those 
between 15-24 years (150% overall increase), and gradually 
less with a 70% increase in those aged 25-44 years, 30% 
increase in those 45-64 years, and approaching 8% in those 
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Table 2  Age- and sex-specific time trends in hospitalization rates for colonic diverticulitis
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Figure 1  Age-specific hospitalization rates for diverticulitis stratified by sex in the US. Males are shown in black, females in white, and both sexes in gray. 
Male-to-female ratios with 95% confidence intervals (95% CI) are shown below each age subgroup.

M: Males; F: Females; B: Both sexes.

Calendar year hospitalization rates for diverticulitis (per 100 000)

   1998    1999    2000     2001     2002     2003    2004    2005

15-24 yr
   M        1.4        1.7        1.8        2.2        2.6        3.2        3.4        3.2
   F        0.5        0.6        0.9        1.1        1.3        1.3        1.4        1.6
   B        1.0        1.1        1.3        1.6        1.9        2.3        2.5        2.4
25-44 yr
   M      33.4      38.5      44.1      47.3      54.4      55.0      55.7      57.6
   F      16.6      18.9      23.3      24.2      28.1      28.5      30.8      31.7
   B      24.7      28.7      33.7      35.7      41.2      41.9      43.4      44.8
45-64 yr
   M      84.4      90.1      98.9      97.9 107 109 108 117
   F      99.7      99.3 110 114 125 122 126 132
   B      92.3      94.9 105 106 116 116 117 125
65+ yr
   M 181 178 180 189 187 187 182 191
   F 322 298 317 329 331 331 323 330
   B 264 249 261 271 272 271 265 272
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Figure 2  Relative increase in hospitalization rates for diverticulitis in the US 
between 1998 and 2005, compared to the reference year (1998) stratified by 
age group.
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aged 65 years and older. In 1998, the proportion of  admis-
sions for diverticulitis in patients who were older than 65 
years was 55%. Over the 8 year study period, that percent-
age decreased to 44%, with the majority of  patients being 
under the age of  65 years by 2005. Those who were under 
the age of  45 years comprised 12.7% of  all admissions for 
diverticulitis in 1998 and increased to 16.3% in 2005.  

Geographic variation in diverticulitis admissions
Table 3 shows age-specific and region-specific rates of  
admissions for diverticulitis. There was significant geo-
graphic variation in overall and age-specific growth rate 
of  hospitalizations for acute diverticulitis. The overall 
age-adjusted rates of  diverticulitis-related hospitalizations 
were 77.7 per 100 000 for the Northeast, 71.0 per 100 000 

for the Midwest, 73.9 per 100 000 for the South, and 50.4 
per 100 000 for the West. The age-adjusted incidence rate 
ratio for diverticulitis-associated admission in the West 
compared to the Northeast was 0.60 (95% CI, 0.59-0.60). 
There was significant variation in the region-specific pro-
portional change in hospitalization rates relative to the 
baseline rate in 1998, as shown in Figure 3. The sharpest 
increases were observed in the Northeast (64.8 to 90.2 per 
100 000; overall 39%) and the Midwest (60.5 to 74.8 per 
100 000; overall 33%). The trends were more moderate in 
the South (69.9 to 76.5 per 100 000, overall 11%) and in 
the West (46.7 to 53.3 per 100 000, overall 14%).  

There was also regional variation in rising incidence 
of  hospitalizations for diverticulitis among those younger 
than age 45 years. Rates increased the most in the North-
east (from 24.2 to 44.7 per 100 000, overall 85%) and Mid-
west (from 17.2 to 32.6 per 100 000, overall 90%). The 
rise in hospitalizations in patients younger than 45 years 
was more moderate in the South (from 17.5 to 29.9 per 
100 000, overall 71%) and was lowest in the West (from 
12.1 to 18.4 per 100 000, overall 53%).  

DISCUSSION
Our nationwide analysis has demonstrated geographic 
variations in the burden of  diverticulitis and underscores 
rapidly increasing rates of  diverticulitis-associated hospi-
talizations among individuals younger than age 45 years. 
These findings have implications for understanding the 
underlying etiology of  diverticulitis as well as for the 
timely diagnosis of  this condition in younger individuals. 
The rising epidemiological trends and geographic varia-
tions in diverticulitis-associated admissions, particularly 
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Table 3  Age- and region-specific time trends in rates of hospitalization for colonic diverticulitis

Calendar year rates of hospitalization for diverticulitis (per 100 000)

    1998     1999      2000     2001     2002     2003    2004     2005

15-24 yr
   N        1.4        1.8        1.6        1.8        2.2        2.7        2.9        2.9
   M        0.6        0.9        1.2        1.7        1.9        2.1        2.1        2.7
   S        1.0        0.9        1.2        1.8        2.1        2.4        2.6        2.3
   W        0.9        1.2        1.6        1.2        1.4        1.9        2.2        2.0
25-44 yr
   N      33.5      39.6      43.4      44.3      55.0      54.2      58.3      65.3
   M      24.8      27.4      31.4      37.2      41.9      42.5      44.6      48.2
   S      24.9      28.5      33.8      36.7      41.6      43.1      43.3      43.6
   W      17.0      20.1      26.3      24.7      27.2      28.2      29.5      26.6
45-64 yr
   N 106 114 125 126 138 137 147 155
   M   85   86 102 108 119 123 115 130
   S 105 107 111 113 122 122 119 128
   W      66.8      67.3      78.2      73.3      83.1      81.4      89.7      87.6
65+ yr
   N 245 256 275 260 283 276 267 291
   M 271 254 265 298 299 299 285 296
   S 304 277 284 302 288 292 290 286
   W 206 184 200 199 200 198 196 203

N: Northeast; M: Midwest; S: South; W: West.
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Figure 3  Relative increase in hospitalization rates for diverticulitis in the 
US between 1998 and 2005, compared to the reference year (1998) strati-
fied by geographic region. 
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among younger individuals, may correlate with observed 
temporal changes and regional differences in diet and 
obesity in America. 

Diverticular disease is an age-related disorder of  the 
large bowel affecting greater than half  of  the population 
over the age of  65 years[13]. Current evidence suggests 
that dietary deficiency (of  fibre), colonic pressure, motility 
changes and colonic structural alterations may collectively 
contribute to diverticula formation[4]. Parallel epidemio-
logical trends of  decreasing dietary fibre and increasing 
diverticular disease have led to a hypothesized role of  fibre 
deficiency in the pathogenesis of  diverticular disease[6,14]. 
A large prospective study of  43 888 US male health care 
professionals[15] found that a decreased intake of  insoluble 
dietary fibre, specifically fruits and vegetables, was associ-
ated with increased symptomatic diverticular disease. Simi-
larly, obesity has also been linked to higher incidence of  
diverticulitis and diverticular bleeding[7,8]. It is hypothesized 
that adipose tissue secretes numerous cytokines that are 
known to participate in local and generalized inflammation 
and may play a role in the development of  diverticulitis[16].

Our study showed that the overall rates of  acute di-
verticulitis hospitalizations increased in the US in the last 
decade, which has been previously reported in the US[9] 
as well as in the UK[17] and Finland[18]. An epidemiologi-
cal study of  adults aged 40-74 years has also shown a rise 
in obesity, decreased physical activity, and decreased fibre 
intake which may all contribute to the increasing incidence 
of  diverticular disease[19]. Similarly, a decline in fibre intake 
among children and 3-fold rise in childhood obesity in the 
US over the last 3 decades may also partially explain the 
sharp rise in admissions for diverticulitis among younger 
age groups[20,21].

The higher prevalence of  obesity in the South and 
Midwest may correlate with our findings of  higher rates 
of  diverticulitis admissions in those regions compared 
to the West. Data from the Center for Disease Control 
showed that in 1991, the Midwest and the South had 
higher obesity rates compared to the Northeast and 
West, and this difference had persisted in the ensuing de-
cade 2000[22]. Data from NHANES-Ⅲ also showed that 
BMI was greater in the South and Midwest compared to 
the other regions[23]. Childhood obesity has been simi-
larly shown to be most prevalent in the South ( ≥ 18%) 
while being least prevalent in the West (11.4%)[20]. 

Regional variation in diet may also contribute to geo-
graphic differences in diverticulitis admissions.  Based on 
self-reported data, residents from the South consumed 
more fatty acids and the least amount of  fibre, while those 
from the West consumed higher amounts of  fibre than 
other regions[23]. One could hypothesize that there may be 
a protective association between higher fibre intake in the 
West and corresponding relatively lower age-adjusted rates 
of  diverticulitis admissions. However, the roles of  dietary 
fibre and obesity in geographic variations in diverticulitis 
remain speculative, and do not explain high rates of  diver-
ticulitis admissions in the Northeast. Thus, other environ-
mental and health systems-based factors may be involved. 
Racial and ethnic differences in risk of  diverticulitis may 

also contribute to geographic variations in hospital admis-
sions for diverticulitis, particularly in the West, where there 
is a higher composition of  Hispanics and Asians. There 
is evidence that these ethnic groups may be at lower risk 
for diverticulitis[24,25]. Unfortunately, because nearly 25% 
of  racial and ethnic data is missing in the NIS database, 
we were not able to readily determine race- and ethnic-
specific rates in diverticulitis admissions.

Our current study has several limitations inherent to 
administrative data analyses. The NIS data set does not 
contain personal identifiers, which does not allow linkage 
to medical records in order to validate ICD-9 codes for 
diverticulitis. However, we would not expect the degree 
of  errors in administrative coding to be different with 
respect to time or age. Thus, this type of  non-differential 
misclassification usually leads to conservative estimates 
of  temporal trends. Additionally, this study evaluated only 
rates of  hospitalization, and would not have included 
milder cases of  diverticulitis managed in an outpatient set-
ting. Furthermore, this is a cross-sectional study and we 
are unable to longitudinally follow patients after discharge 
to assess long-term mortality and morbidity such as recur-
rent diverticulitis or surgery.

Despite these limitations, this nationally representa-
tive analysis has demonstrated geographic variations in 
epidemiological trends in the burden of  diverticulitis that 
will hopefully stimulate hypotheses into the aetiology of  
diverticular disease. Prospective studies are needed to 
determine if  there is an association between diverticulitis 
and obesity, dietary intake, and other environmental fac-
tors, particularly among younger adults. From a clinical 
perspective, these findings drive the need for increased 
vigilance for diverticular disease among younger adults 
presenting with abdominal pain.
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