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BACKGROUND: Traditionally regarded as a disease of the elderly,
the incidence of diverticulitis of the colon has been on the rise, espe-
cially in younger cohorts. These patients have been found to experi-
ence amore aggressive disease course with more frequent hospitalization
and greater need for surgical intervention.

OBJECTIVE: To characterize factors that portend a poor prognosis in
patients diagnosed with diverticulitis; in particular, to evaluate the
role of demographic variables on disease course.

METHODS: Using the Canadian Institute for Health Information
Discharge Abstract Databases, readmission rates, length of stay, colec-
tomy rates and mortality rates in patients hospitalized for diverticulitis
were examined. Data were stratified according to age, sex and comor-
bidity (as defined by the Charlson index).

RESULTS: In the cohort <30 years of age, a clear male predominance
was apparent. Colectomy rate in the index admission, stratified
according to age, demonstrated a J-shaped curve, with the highest rate
in patients <30 years of age (adjusted OR 2.3 [95% CI 1.62 to 3.27])
compared with the 31 to 40 years of age group. In-hospital mortality
increased with age. Cumulative rates of readmission at six and 12 months
were 0.8% and 8.8%, respectively.

CONCLUSION: In the present nationwide cohort study, younger
patients (specifically those <30 years of age) were at highest risk for
colectomy during their index admission for diverticulitis. It is unclear
whether this observation was due to more virulent disease among
younger patients, or surgeon and patient preferences.
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Lage plus jeune et le pronostic de la diverticulite :
une étude rétrospective nationale de cohorte

HISTORIQUE : Lincidence de la diverticulite du c6lon, habituelle-
ment considérée comme une maladie des personnes Agées, est en
hausse, surtout dans les cohortes plus jeunes. Ces patients présentent
une évolution plus agressive de la maladie, sont hospitalisés plus sou-
vent et ont davantage besoin d’une intervention chirurgicale.
OBJECTIF : Caractériser les facteurs qui annoncent un mauvais pro-
nostic chez les patients qui obtiennent un diagnostic de diverticulite,
notamment évaluer le role des variables démographiques sur I’évolution
de la maladie.

METHODOLOGIE : Les chercheurs ont utilisé la Base de données sur
les congés des patients de I'Institut canadien d’information sur la santé
pour examiner le taux de réhospitalisations, la durée de séjour, le taux
de colectomies et le taux de mortalité des patients hospitalisés pour
soigner une diverticulite.

RESULTATS : Au sein de la cohorte des moins de 30 ans, les chercheurs
ont remarqué une nette prédominance de sujets de sexe masculin. Le
taux de colectomies dans les hospitalisations de référence, stratifiées
selon I'age, a révélé une courbe en forme de ], le taux le plus élevé
s'observant chez les patients de moins de 30 ans (RR rajusté 2,3 [95 %
IC 1,62 a 3,27]) par rapport a ceux des 31 a 40 ans. La mortalité en
milieu hospitalier augmente avec I'age. Le taux cumulatif de réhospi-
talisations au bout de six et de 12 mois s’élevait a 6,8 % et a 8,8 %,
respectivement.

CONCLUSION : Dans la présente étude nationale de cohorte, les
patients plus jeunes (notamment ceux de moins de 30 ans) étaient les
plus vulnérables a une colectomie pendant leur hospitalisation de
référence pour soigner une diverticulite. On ne sait pas si cette observa-
tion s’explique par la nature plus virulente de la maladie chez les
patients plus jeunes ou par une préférence des chirurgiens et des
patients.

he incidence of diverticular disease has been on the rise in both

Europe and North America (1-3). It has traditionally been
regarded as a disease of the elderly; however, recent evidence suggests
that diverticular disease is increasingly being recognized in younger
cohorts (4,5). Overall, more than 130,000 Canadians are affected by
diverticular disease and approximately 10% of these patients will
require either elective or emergent hospitalization. Recurrent disease
is associated with increased hospitalization, longer length of stay and
increased need for surgery (3). The nature of recurrent diverticular
disease plays a major role in health-related quality of life and overall
national health care costs.

Younger patients have often been recognized as experiencing a
more aggressive disease course with more frequent hospitalizations and
greater need for surgical intervention (6,7). Previous studies have
characterized the changing epidemiology of diverticular disease in the
United States (3,5). In the present study, we aimed to examine
Canadian trends using discharge data from the Canadian Institute for
Health Information (CIHI). We hypothesized that younger males
have a particularly aggressive form of diverticular disease that requires
more frequent readmissions. Determining which demographic

variables portend a poor prognosis will help physicians identify higher-
risk patients early in the disease course and offer appropriate
interventions.

METHODS

A retrospective cohort study examining data from the CIHI Discharge
Abstract Databases (CIHI-DAD) was performed. All patients with a
primary diagnosis of diverticular disease identified by the International
Classification of Diseases and Related Health Problems — 10th
Revision code of K57.2-57.9 admitted between April 1, 2007 and
March 31, 2009 were included. This was considered the index hospi-
talization. Any hospital admissions for diverticular disease in the look-
back period between April 1, 2004 and March 31, 2007 were excluded.
This was performed to ensure there were no previous episodes of diver-
ticular disease at least three years before the study period.

The CIHI-DAD contains demographic information, clinical details
and administrative data on all services delivered by hospitals governed
under provincial health insurance plans. Details regarding age, sex,
admission diagnosis, length of stay, comorbidity measured by the
Charlson index, procedures undertaken during hospitalization, vital
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Figure 1) Age distribution of the study population over the five age groups.
Raw numbers in each cohort appear above individual bars

status at discharge and type of admission (elective versus nonelective)
were collected. The Charlson index has been used in many studies
using administrative data to characterize and adjust for comorbidity
and case mix (8). Each record within the CIHI databases contains
individual anonymized patient data that enables researchers to link
repeated admissions to the same patient.

The primary outcome measure was the proportion of patients who
progressed to colectomy (either partial or total) during index hospital-
ization. For patients who did not undergo colectomy, a secondary out-
come measure was the readmission rates at six and 12 months. Patients
who underwent any type of colectomy during the index admission were
excluded from the present analysis because they were deemed to be at
higher risk of readmission given the higher likelihood of postoperative
complications related to their surgery. The CIHI-DAD was searched
for any subsequent admissions occuring after the index admission in
the time period from April 1, 2007 to March 31, 2009. A second
admission within this interval was considered a readmission. The time
to readmission was defined as the number of months between the
discharge date of the index hospitalization and the admission date
of any subsequent admission. Readmissions occurring within six
and 12 months of discharge were analyzed. Other outcome measures
included in-hospital mortality rate and length of stay during index
admission.

The ¥* and Fisher’s exact tests were used to compare categorical
variables across groups and Student’s t test and Wilcoxon rank-sum
test for continuous variables. Additionally, multiple logistic regression
models were used to assess for predictors of surgery for diverticultis and
death while adjusting for sex and comorbidity. Each of the 17 comor-
bid conditions in the Charlson index were included as predictors in
the model. The adjusted ORs for the association between individual
comorbid conditions and colectomy and death were derived from the
beta coefficients for each of these predictors in the multiple logistic
regression models. Kaplan-Meier methods were used to determine the
cumulative risk of readmission, and Cox regression analysis to further
control for comorbidity and other demographic factors. Adjusted HRs
for readmissions associated with age were ascertained from the Cox
regression models. Results were considered to be statistically signifi-
cant at P<0.05.

The present study was approved by the Research Ethics Board at
Mount Sinai Hospital, Toronto, Ontario. No personal health informa-
tion was collected and potentially identifying data were amassed col-
lectively and analyzed in aggregate.

RESULTS
A total of 18,711 individuals admitted for acute diverticulitis within
the two-year study period who met inclusion criteria and who did not
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TABLE 1
Distribution of individual comorbidities among age groups
and their association with colectomy and death outcomes

Age, years Adjusted OR
Comorbidity >30 <30 Colectomy Death
Acute myocardial infarction 348 (1.89) 0(0) 1.72 3.75
Congestive heart failure 451 (2.45) 0 (0) 1.60 2.54
Peripheral vascular disease 205 (1.12) 1 (0.3) 0.94 1.98
Cerebrovascular disease 174 (0.95) 1(0.3) 1.06 4.53
Dementia 372 (2.02) 0 (0) 1.04 2.48
COPD 761 (4.14) 2 (0.61) 1.29 2.36
Rheumatoid disease 154 (0.84) 0(0) 2.68 4.30
Peptic ulcer disease 97 (0.53) 0(0) 1.81 1.51
Mild liver disease 91 (0.5) 2 (0.61) 0.70 3.75
Moderate/severe liver disease 18 (0.1) 0 (0) 4.55 9.60
Diabetes 1511 (8.22) 4 (1.22) 0.95 0.75
Diabetes with complications 919 (5) 2 (0.61) 0.95 1.51
Hemiplegia/paraplegia 35(0.19) 2(0.61) 1.50 0.63
Renal disease 515 (2.8) 1(0.3) 1.19 242
Cancer 439 (2.39) 1(0.3) 1.47 3.20
Metastatic cancer 119 (0.65) 1 (0.3) 2.21 7.90
AIDS 5(0.03) 0(0) N/A N/A

Data presented as n (%) unless otherwise indicated. COPD Chronic obstruc-
tive pulmonary disease; N/A Not applicable

have any admissions in the previous three-year look-back period for
acute diverticulitis were identified.

The mean (+ SD) age was 64.0£16.5 years. Subjects were categor-
ized into five age groups (<30 years, 31 to 40 years, 41 to 50 years, 51 to
60 years, and >60 years) (Figure 1). Subjects were further dichotomized
into two age groups (<30 years versus >30 years). There were 328 patients
who were <30 years of age, comprising 1.8% of the overall study popu-
lation. The group comprising subjects <30 years of age was predomin-
antly male (70% male), while the group >30 years of age was
predominantly female (55% female).

The mean weighted Charlson index was 0.42+0.99. The preva-
lences of individual comorbidities stratified according to age group are
shown in Table 1.

Colectomy

The rates of colectomy during index admission stratified according to
age groups are shown in Figure 2, which exhibits a J-shaped curve.
Subjects <30 years of age who were admitted for acute diverticulitis
exhibited the highest rate of large bowel resection (18%), while those
in the 31 to 40 year age group had the lowest rate of resection (8%).
Starting after 30 years of age, there was a increasing trend in colectomy
rate until 60 years of age; thereafter, it reached a plateau of 13% and
never approached the high rate observed in those <30 years of age.
When age was dichotomized, the surgery rate among subjects <30 years
of age was higher than that of those >30 years of age (18% versus 13%;
P=0.009).

In multivariate analysis, the 31 to 40 year age group was designated
the reference group because it had the lowest risk for surgery. After
adjustment for sex and comorbidity, those <30 years of age had a greater
than twofold higher risk of colectomy (adjusted OR [aOR] 2.3 [95% CI
1.62 to0 3.27]) than the 31 to 40 year age group. Relative to the compara-
tor group, the aOR for surgery for those 41 to 50 years, 51 to 60 years
and >60 years were 1.48 (95% CI 1.17 to 1.87), 1.70 (95% CI 1.35 to
2.13) and 1.66 (95% CI 1.34 to 2.06), respectively. Overall, each addi-
tional comorbidity was associated with increased risk of surgery (Table
1); every incremental point in the Charlson index was associated with
an aOR of 1.16 (95% CI 1.13 to 1.21). In contrast, female sex was
associated with a reduced risk of surgery compared with male sex (OR
0.73 [95% CI 0.67 to 0.80). When comparing subjects <30 years of age
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Figure 2) Proportion of the study population undergoing colectomy, strati-
fied according to age cohort. Raw numbers within each group appear above
individual bars

with those >30 years of age, the former had a nearly 50% higher risk of
colectomy (aOR 1.47 [95% CI 1.10 to 1.96]).

Mortality and readmissions

In-hospital mortality during index admission stratified according to
age group is shown in Figure 3. As expected, in-hospital mortality
increased with age. There were no deaths in the group <30 years of age.
Mortality was highest among those with coexistent moderate to severe
liver disease, metastatic cancer, cerebrovascular disease and rheuma-
toid disease (Table 1).

Readmission to hospital was subsequently examined at six and
12 months from the date of discharge. Of the 16,304 patients in the
study population who did not undergo a colectomy, the cumulative
rates of readmission at six and 12 months were 6.8% and 8.8%,
respectively. Figure 4 shows six- and 12-month readmission rates
stratified according to age group. The sex- and comorbidity-adjusted
HRs for the 31 to 40 year, 41 to 50 year, and 51 to 60 year age groups
were similar. The 31 to 40 year age group was defined as the reference.
When compared with one another or with the reference group, both
the <30 year (adjusted HR 0.68 [95% CI 0.44 to 1.06]) and >60 year
age groups (adjusted HR 0.81 [95% CI 0.68 to 0.96]) exhibited lower
risk of admissions. Women were at modestly higher risk of readmission
(adjusted HR 1.10 [95% CI 1.01to 1.21]).

The mean length of stay for the study population that did not
undergo colectomy was 5.8+9.4 days. After 40 years of age, the length
of stay among those who did not undergo colectomy increased with
age (Figure 3).

DISCUSSION

The present retrospective cohort study highlights that age may influ-
ence prognosis following admission for acute diverticulitis. Specifically,
we showed that patients <30 years of age are more than twice as likely
to undergo colectomy (either partial or total) compared with patients
31 to 40 years of age, despite having fewer comorbid conditions.
However, younger age was not associated with higher in-hospital mor-
tality or length of stay.

Diverticulitis has traditionally been regarded as a disease of the
elderly. However, previous studies dating back to the early 1990s have
demonstrated an increased rate of diverticulitis in the young, specific-
ally those <45 years of age (3-5,9-11). Some studies have even com-
mented on a more virulent disease course in young patients (6,12-14).
The rate of diverticulitis-associated colectomy has increased among
younger age groups. This trend may have reflected a growing incidence
of diverticulitis in that subpopulation, resulting in more overall surger-
ies, but not necessarily a greater risk for surgery. Our study has demon-
strated that individuals <30 years of age were, indeed, at higher risk for
colectomy.

Can J Gastroenterol Vol 27 No 2 February 2013

Figure 3) Mortality rate and length of stay in each age cohort. Black bars
display the number of deaths in each group as a percent of total with raw
numbers appearing above individual bars. Grey bars (with accompanying
numbers) show the mean length of stay during their first hospitalization for
patients in each age group who did not undergo colectomy
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Figure 4) Readmission rates at six and 12 months stratified according to age
cohort. For patients who did not undergo colectomy, black bars represent
readmission to hospital at six months’ postdischarge. Similar data are pre-
sented for readmission at 12 months’ postdischarge

Potential mechanisms for such an association are not well
understood. It may be that older patients inherently have more
complex medical disease and that surgeons may be reluctant to
operate on these individuals. Another possibility is that younger
patients may be misdiagnosed as having a viral gastrointestinal ill-
ness and, therefore, not be prescribed appropriate antimicrobial
therapy. As such, these patients may be more likely to progress to
complications. Additionally, others have observed that the severity
of first presentation is considerably worse in younger patients (6).
Given that these patients have many more years of potential dis-
ease burden ahead of them, clinicians caring for these individuals
may be more inclined to operate to prevent recurrent disease.
Moreover, mild cases of acute diverticulitis are often treated in the
outpatient setting. It is possible that physicians have a higher
threshold for younger patients with acute diverticulitis but few
comorbid conditions. Thus, individuals <30 years of age who are
admitted may reflect a selection bias for younger individuals with
the most severe clinical presentations.

Among younger patients with diverticulitis, many studies have
documented a more aggressive disease course in men in particular
(5,6,9). In our study, however, female sex was associated with an
increased likelihood of readmission. The reason for this is not
entirely clear. Readmission rates and data regarding length of stay
were only analyzed in patients who did not undergo colectomy. Thus,
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it may be that more men were receiving surgery at their initial pres-
entation whereas women were more likely to receive conservative
management and were, therefore, at higher risk of recurrence. In a
similar vein, the role of sex in complicated diverticulitis deserves
close attention. One study found that female patients were more
likely to require surgery for their diverticular disease (15). In this
case series, men were significantly more likely to present with fis-
tulizing disease or bleeding, whereas females were more likely to
exhibit strictures, obstructions or perforations. On the other hand,
these same male patients were more likely to progress to an operation
at a younger age. Given the high one-year mortality rate associated
with complicated diverticular disease, further research into potential
demographic predictors of a poor disease course is needed (16). In a
separate study, Kang et al (17) showed that whereas males were 15%
more likely to undergo surgery, females were more likely to be admit-
ted for diverticular disease and experienced higher age-standardized
mortality rates.

Among the limitations of the present study was that our study
population did not include milder cases of acute diverticulitis that
may have been treated in the outpatient setting. We were not able to
distinguish whether the clinical threshold for admission varied
among the different age groups. Administrative data inherently do
not contain laboratory, radiographic and detailed clinical data that
would enable further characterization of disease severity. Furthermore,
whether colectomy is performed is also influenced by patient prefer-
ence. Because our study did not capture data on either disease sever-
ity or patient preference, it was not possible to distinguish the
relative contributions of either factor to the higher rates of surgery in
younger-onset acute diverticulitis.
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KEY MESSAGES

e Acute diverticulitis presenting in younger adults is becoming
more frequent.

® Younger adults presenting with acute diverticulitis undergo
surgery more frequently than their older counterparts.

e Younger adults, however, exhibited lower mortality and those
who did not undergo surgery had lower risk of readmissions for
acute diverticulitis.
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