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Abstract

AIM
To assess risk factors of hospital admission for acute
colonic diverticulitis.

METHODS

The study was conducted as part of the second wave
of the population-based North Trondelag Health Study
(HUNT2), performed in North Trondelag County,
Norway, 1995 to 1997. The study consisted of 42570
participants (65.1% from HUNT2) who were followed
up from 1998 to 2012. Of these, 22436 (52.7%) were
females. The cases were defined as those 358 par-
ticipants admitted with acute colonic diverticulitis during
follow-up. The remaining participants were used as
controls. Univariable and multivariable Cox regression
analyses was used for each sex separately after multiple
imputation to calculate HR.

RESULTS

Multivariable Cox regression analyses showed that
increasing age increased the risk of admission for
acute colonic diverticulitis: Comparing with ages < 50
years, females with age 50-70 years had HR = 3.42,
P < 0.001 and age > 70 years, HR = 6.19, P < 0.001.
In males the corresponding values were HR = 1.85, P
= 0.004 and 2.56, P < 0.001. In patients with obesity
(body mass index = 30) the HR = 2.06, 2 < 0.001
in females and HR = 2.58, P < 0.001 in males. In
females, present (HR = 2.11, P < 0.001) or previous
(HR = 1.65, P = 0.007) cigarette smoking increased
the risk of admission. In males, breathlessness (HR =
2.57, P < 0.001) and living in rural areas (HR = 1.74,
P = 0.007) increased the risk. Level of education,
physical activity, constipation and type of bread eaten
showed no association with admission for acute colonic
diverticulitis.

CONCLUSION

The risk of hospital admission for acute colonic
diverticulitis increased with increasing age, in obese
individuals, in ever cigarette smoking females and in
males living in rural areas.

Key words: Acute colonic diverticulitis; North Trondelag
Health Study; Risk factors; Multivariable Cox regression
analysis; Multiple imputation
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Core tip: We sought to determine what health
related factors were together associated with later
admission for acute colonic diverticulitis. The factors
were derived from the North Trondelag Health Study
(HUNT2) in Norway, the HUNT2 study, performed
during 1995-1997. The study had 42570 participants
who used Levanger Hospital as their primary hospital.
They were observed until 2012. Following HUNT2,
the participants contributed 611492 person-years of
follow-up. In all, 358 cases had been admitted with
acute colonic diverticulitis. In a multivariable analysis,
increasing age and increasing Body Mass Index were
associated with increased risk of admission for acute
colonic diverticulitis in both gender. In females,
cigarette smoking likewise increased the risk of
admission. In males, breathlessness, a HUNT variable
associated with Chronic Obstructive Pulmonary Disease,
increased the risk of admission. On the other hand,
physical activity, constipation and type of bread eaten
showed no association with admission for acute colonic
diverticulitis.

Jamal Talabani A, Lydersen S, Ness-Jensen E, Endreseth
BH, Edna TH. Risk factors of admission for acute colonic
diverticulitis in a population-based cohort study: The North
Trondelag Health Study, Norway. World J Gastroenterol 2016;
22(48): 10663-10672 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10663.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10663

INTRODUCTION

Diverticular disease of the colon is highly prevalent in
Western populations and adds to the already rising
expenditures in healthcare systems!'!. The prevalence
of diverticular disease is age dependent and increases
from 5% in the age group 30-39 years to 60% among
those older than 80 years of age'.

Acute diverticulitis is the most common complication
of colonic diverticulosis™, with increasing incidence and
admission rates in recent yearst™’!. Acute diverticulitis
may also recur in 9% to 23% of patients'®,

The heritability of diverticular disease has been
estimated at 40% in a large Swedish twin study'”’, and
a number of lifestyle related risk factors have been
attributed to acute colonic diverticulitis. Obesity, reduced
physical activity, tobacco smoking and reduced dietary
fiber intake have all been associated with increased risk
of acute colonic diverticulitis, but few studies have been
able to assess all these factors together® .

The aim of the present study was to assess risk
factors of hospital admission for acute colonic diverticu-
litis in a prospective population-based cohort study.

December 28, 2016 | Volume 22 | Issue 48 |
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Figure 1 Flow diagram for participants and patient inclusions. HUNT2: North Trondelag Health Study; BMI: Body mass index.

MATERIALS AND METHODS

Study population

During 1995 to 1997, all residents in North Trondelag
County, Norway, aged 20 years and older, were invited
to participate in the second wave of the North Trondelag
Health Study (HUNT2), a survey consisting of written
questionnaires on health related topics, physical
examinations and blood sampling'®, In the present
study, the population of the ten municipalities who used
Levanger Hospital as the primary hospital was included,
representing 73% of the population in North Trondelag
County. The great majority are ethnic whites.

During 2012 and 2013 we retrospectively searched
for all patients who had been admitted to Levanger
Hospital following HUNTZ2, from 1998 to 2012, with the
diagnosis acute colonic diverticulitis. The population of
North Trondelag is served by two hospitals, Levanger
Hospital is the largest and serving 10 municipalities.
All treatment is given free of charge for the population.
The patients were identified in the hospital patient
administrative system, using the discharge codes for
colonic diverticular disease in international classification

Baishidenge ~ WJG | www.wjgnet.com

of diseases ICD-9 and ICD-10. All the records were
reviewed to ensure a higher probability of a correct
diagnosis of acute colonic diverticulitis. All 358 patients
who had been admitted with acute colonic diverticulitis
and had participated in HUNT2 were included in the
present study as cases, and the remaining HUNT2
participants from the same ten municipalities were used
as controls. Figure 1 shows a flowchart of participants
and patient inclusions.

A computed tomography (CT) scan had been
performed during the hospital stay in 161 patients
(45%) and later in 52 (14.5%) additional patients
during outpatient follow-up. Colonoscopy had been
performed in 139 (38.8%) patients. During the early
years of the study (mainly between 1998 and 2006), a
barium enema had been done in 120 (33.5%) patients
to diagnose diverticula in the colon. One or more of
these examinations had been performed in 331 patients
(92.5%).

Risk factors
A full description of the questionnaires and mea-
surements in HUNT2 is given at http://www.ntnu.
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Table 1 Percentage missing values in different variables

Variable Females Males
Hard physical activity 39 28
Cigarette smoking 7 5
Breathlessness 16 10
Constipation 12 9
Type of bread 13 16
Highest educational level 6 5

edu/hunt/data/que. From HUNT2 we gathered data
on sex, age, body mass index (BMI) and self-reported
data on physical activity, cigarette smoking, duration
of breathlessness, duration of constipation, main type
of bread eaten, level of education and type of living
area. Qualified personnel completed the standardized
measurements of height and weight. Individuals were
categorized as normal weight (with BMI < 25.0 kg/m?),
overweight (BMI 25-29.9) or obese (BMI = 30), based
on the World Health Organization’s dlassification!*. Phys-
ical activity was categorized as hard physical activity
less than or at least one hour per week. Cigarette smo-
king was reported as never, previous or present daily
smoking. Both variables, “To what extent have you had
problems with breathlessness the last 12 mo” and “To
what extent have you had problems with constipation
the last 12 mo”, were answered by the respondents as
“not at all”, “slightly” or “very much”. Main type of bread
eaten was categorized as “only fine” [white bread,
white multigrain or whole meal (medium ground)], “only
coarse” [multigrain, whole meal (coarsely ground)] or
crisp bread, or “mixed” (mix of coarse and fine bread).
Highest educational level was classified into primary
school level or higher than primary school level. Living
area was categorized as urban or rural area.

Statistical analysis

The primary study endpoint was the first admission for
acute colonic diverticulitis at Levanger Hospital following
participation in HUNT2, until end of study December 31,
2012. The observation time was measured from date
of participation in HUNT2 to date of admission for acute
colonic diverticulitis. All HUNT2 participants belonging
to Levanger Hospital not admitted, were treated as
controls. Their observation time was measured from
date of participation in HUNT2 until end of study,
December 31, 2012, date of death, or moving out of
North Trondelag County, whichever occurred first.

Females and males were analysed separately. Six of
the analysed risk factors had a large number of missing
values; 54% of females and 46% of males had one or
more missing values (Table 1).

To reduce bias and avoid loss of sample size, we
used multiple imputation to handle these missing data.
We imputed 100 data sets, as recommended by Carpe-
nter and Kenward?.,

A Cox proportional hazards model was used for mul-
tivariable analysis of risk factors of admission for acute
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colonic diverticulitis, providing hazard ratios (HRs) with
95%ClIs. Two-sided P-values < 0.05 were considered
significant.

The analyses were performed using IBM SPSS
Statistics 22 (SPSS Inc., Chicago, IL, United States) and
StatXact 9 (Cytel Inc., Cambridge, MA, United States).

Statistical review of the study was performed by
one of the authors, professor in medical statistics, Stian
Lydersen.

Ethical approval

The participants in HUNT2 gave written informed
consent for medical research, including future linkage
to patient records at the hospitals. The present study
is approved by the Regional Committee for Health and
Research Ethics (2011/1782/REK midt).

RESULTS

In HUNT2, 65372 persons attended (69.5% response
rate). Of these, 42570 persons had Levanger Hospital
as their primary hospital and were included in the
present study. Following HUNTZ2, the participants contri-
buted 611492 person-years of follow-up, and 358 cases
were admitted with acute colonic diverticulitis (Figure
1). The remaining HUNT2 participants belonging to
Levanger Hospital were used as controls, excluding the
129 persons who had been admitted with acute colonic
diverticulitis during 1988 and 1997 (preceding HUNT2).

Baseline characteristics
In the included cohort, 22436 (52.7%) were females.
The mean age at baseline was 50.0 (SD 17.2) and 49.5
(SD 16.7) years for females and males, respectively.
During follow-up, 358 participants were admitted to
Levanger Hospital with acute colonic diverticulitis, 233
(65.1%) were females, and the mean age at admission
was 69.3 (SD 13.2) and 63.9 (SD 14.1) years for
females and males, respectively. Among the patients
who had been admitted with acute colonic diverticulitis,
but did not participate in HUNT2 (excluded from the
present study), 54 (42%) were females, and the mean
age at admission was 62.6 years (SD 16.0) for females,
and 52.7 years (SD 16.6) for males.

Mean time from participation in HUNT2 to admission
for acute colonic diverticulitis was 9.48 (SD 4.5) and 9.16
(SD 4.4) years for females and males, respectively.

Table 2 shows the sex-specific distribution of baseline
characteristics of cases and controls. In both sexes, the
age and BMI were higher and frequency of physi-
cal activity was lower among cases than controls. In
females, more cases smoked cigarettes daily than
controls. In both sexes, cases were more affected with
breathlessness and constipation than controls. In both
sexes, coarse type of bread was eaten more frequently
in cases than controls. In both sexes, cases had lower
educational level than controls. Among males, cases
lived more often in a rural area than controls.
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Table 2 Baseline characteristics of the study population 7 (%)

Characteristic Acute colonic diverticulitis 1998-2012
Females Males
No Yes No Yes

Study population 22203 233 20009 125
Age in years at inclusion

Mean + SD 499 (17.2) 59.8 (13.8) 49.5 (16.7) 54.7 (14.4)
Age groups (yr)

<50 11892 (99.5) 57 (0.5) 10787 (99.6) 45 (0.4)

50-70 6708 (98.4) 112 (1.6) 6307 (99.1) 58 (0.9)

>70 3603 (98.3) 64 (1.7) 2915 (99.3) 22 (0.7)
BMI (kg/m’)

<25 9987 (99.3) 68 (0.7) 6983 (99.6) 26 (0.4)

25-29.9 8206 (98.9) 89 (1.1) 10146 (99.4) 64 (0.6)

=30 4010 (98.1) 76 (1.9) 2880 (98.8) 35 (1.2)
Hard physical activity (h/wk)

<1 9346 (99.0) 91 (1.0) 8368 (99.3) 58 (0.7)

=1 4286 (99.6) 19 (0.4) 6105 (99.4) 36 (0.6)

Missing 8571 (98.6) 123 (1.4) 5536 (99.4) 31 (0.6)
Smoking cigarettes

Never 10134 (99.2) 81(0.8) 7337 (99.6) 31 (0.4)

Previous 4137 (98.8) 51 (1.2) 6175 (99.2) 52 (0.8)

Daily 6295 (98.8) 75 (1.2) 5491 (99.4) 33 (0.6)

Missing 1637 (98.4) 26 (1.6) 1006 (99.1) 9(0.9)
Problems with breathlessness the last 12 mo

Not at all 17030 (99.1) 155 (0.9) 16585 (99.5) 87 (0.5)

Slightly 1434 (98.8) 17 (1.2) 1262 (98.5) 19 (1.5)

Very much 185 (98.4) 3 (1.6) 189 (98.4) 3 (1.6)

Missing 3554 (98.4) 58 (1.6) 1973 (99.2) 16 (0.8)
Problems with constipation the last 12 mo

Not at all 13664 (99.1) 125 (0.9) 15690 (99.4) 90 (0.6)

Slightly 4640 (99.0) 48 (1.0) 2201 (99.4) 14 (0.6)

Very much 1213 (98.3) 21 (1.7) 285 (99.0) 3 (1.0)

Missing 2686 (98.6) 39 (1.4) 1833 (99.0) 18 (1.0)
Type of bread

Only fine 2670 (99.0) 28 (1.0) 3798 (99.5) 20 (0.5)

Mixed 3158 (99.0) 33 (1.0) 4062 (99.4) 23 (0.6)

Only coarse 13440 (98.9) 147 (1.1) 9018 (99.3) 62 (0.7)

Missing 2935 (99.2) 25 (0.8) 3131 (99.4) 20 (0.6)
Highest educational level

Primary school 8146 (98.7) 110 (1.3) 5519 (99.2) 46 (0.8)

Above primary school 12687 (99.3) 95 (0.7) 13536 (99.5) 73 (0.5)

Missing 1370 (97.3) 28 (2.7) 954 (99.4) 6 (0.6)
Living area

Urban 18225 (98.9) 195 (1.1) 16425 (99.4) 91 (0.6

Rural 3978 (99.1) 38 (0.9) 3584 (99.1) 34 (0.9)

Data given as n (%) unless otherwise stated.

Risk factors for admission for acute colonic diverticulitis
Tables 3 and 4 shows the results of univariable and
multivariable Cox regression analyses for each sex
separately after the multiple imputation. In the
multivariable analysis, increasing age was associated
with increased risk of admission for acute colonic
diverticulitis in both sexes (HR = 3.42, 95%CI:
2.40-4.86, P < 0.001 for ages 50-70 years and HR
= 6.19, 95%CI: 4.02-9.54, P < 0.001 for ages > 70
years in females). In males the corresponding values
were HR = 1.85, 95% CI: 1.22 to 7.80, P = 0.004
and 2.56, 95%CI: 1.45-4.52, P < 0.001. Obesity was
associated with increased risk of admission for acute
colonic diverticulitis in both sexes (HR = 2.06, 95%CI:
1.46-2.91, P < 0.001 in females and HR = 2.58,
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95%CI: 1.53-4.34, P < 0.001 in males). In females,
both present and former daily cigarette smoking was
associated with increased risk of admission for acute
colonic diverticulitis (HR = 2.11, 95%CI: 1.51-2.94,
P < 0.001 for daily smokers; HR = 1.65, 95%(CI:
1.15-2.36, P = 0.007 for former smokers). In males,
an increased risk of admission for acute colonic diver-
ticulitis was observed in persons who reported slight
problem with breathlessness during the last 12 mo (HR
= 2.57, 95%CI: 1.55-4.28, P < 0.001) and in persons
living in a rural area (HR = 1.74, 95%CI: 1.17-2.58, P
= 0.007).

Level of education, hard physical activity, consti-
pation and type of bread eaten showed no association
with the risk of admission for acute colonic diverticulitis.
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Table 3 Univariable Cox regression analysis of risk factors relating to admission for acute diverticulitis, after multiple imputation for

missing values

Characteristic Females Males
HR (95%CI) P value HR (95%CI) P value

Age in years (yr)

<50 1 (ref) 1 (ref)

50-70 3.55 (2.58-4.89) <0.001 2.36 (1.60- 3.48) <0.001

>70 5.88 (4.10-8.44) <0.001 3.46 (2.06-5.79) <0.001
BMI (kg/m’)

<25 1 (ref) 1 (ref)

25-29.9 1.59 (1.16-2.18) 0.004 1.62 (1.03-2.56) 0.040

=30 2.86 (2.06-3.97) <0.001 3.20 (1.93-5.31) <0.001
Hard physical activity (h/wk)

<1 1 (ref) 1 (ref)

=1 0.46 (0.27- 0.77) 0.003 0.85 (0.56-1.29) 0.45
Smoking cigarettes

Never daily 1 (ref) 1 (ref)

Formerly 1.45 (1.04-2.01) 0.027 2.12 (1.36- 3.13) 0.001

Present daily 1.36 (1.01-1.83) 0.043 1.49 (0.91- 2.44) 0.11
Problems with breathlessness the last 12 mo

Not at all 1 (ref) 1 (ref)

Slightly 1.44 (0.87-2.36) 0.15 3.09 (1.88-5.08) <0.001

Very much 2.32(0.76- 7.12) 0.14 3.54 (1.13-11.2) 0.031
Problems with constipation the last 12 mo

Not at all 1 (ref) 1 (ref)

Slightly 1.14 (0.82-1.60) 0.44 1.25 (0.72-1.19) 0.43

Very much 2.02 (1.29-3.18) 0.002 2.35 (0.76-7.24) 0.14
Type of bread

Only fine 1 (ref) 1 (ref)

Mixed 0.97 (0.58-1.61) 0.90 1.03 (0.57-1.86) 0.93

Only coarse 1.01 (0.67-1.51) 0.96 1.26 (0.76-1.08) 0.38
Highest educational level

Primary school 1 (ref) 1 (ref)

Higher than primary school 0.49 (0.37-0.64) <0.001 0.57 (0.39-0.82) 0.002
Living area

Urban 1 (ref) 1 (ref)

Rural 0.92 (0.65-1.30) 0.63 1.80 (1.21-2.67) 0.004

BMI: Body mass index.

We also carried out these analyses separately for
each of the three age groups. Results were substan-
tially the same (data not shown).

In another analysis, we excluded the variable
breathlessness, and there were only insignificant
changes in the HRs for all of the remaining variables.

DISCUSSION

Main findings

The main finding of this prospective population-based
cohort study was that obese individuals had twice
the risk of admission for acute colonic diverticulitis
compared to normal weight individuals. This associ-
ation was found in both females and males. Moreover,
previous and present daily cigarette smoking also
increased the risk of admission for acute colonic
diverticulitis in females. There was no association
between hard physical activity, constipation or eating
bread with fine or coarse grains and risk of admission
for acute colonic diverticulitis.
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Relation to other reports

The present study demonstrated an increased risk of
admission for acute colonic diverticulitis by increasing
age in both females and males. This is consistent with
findings reported by other studies™*®.,

There was an increased risk of admission for acute
colonic diverticulitis in obese persons (BMI = 30). This
is in agreement with other population-based studies.
In two prospective cohort studies of males™”*®, the
risk of acute colonic diverticulitis was 1.6 and 3.2 times
higher among overweight individuals (BMI 25-29.9)
and 1.8 and 4.4 times higher among obese individuals
(BMI = 30), compared with those of normal weight
(BMI 18.5-4.9). In a prospective cohort study of
females, the risk was 1.3 times higher for overweight
and obese individuals'®. A weakness with these
studies was the sex-specific nature of the cohorts.

Previous studies found that physical activity, in
general, decreased the risk of acute colonic diverti-
culitis™***!, However, the present study found no
association between hard physical activity for at least
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Table 4 Multivariable Cox regression analysis of risk factors relating to admission for acute diverticulitis, after multiple imputation

for missing values

Characteristic Females Males
HR (95%CI) P value HR (95%CI) P value

Age in years (yr)

<50 1 (ref) 1 (ref)

50-70 3.42 (2.40-4.86) <0.001 1.85 (1.22-7.80) 0.004

>70 6.19 (4.02-9.54) <0.001 2.56 (1.45-4.52) 0.001
BMI (kg/m’)

<25 1 (ref) 1 (ref)

25-29.9 1.25 (0.90-1.73) 0.18 1.46 (0.92-2.32) 0.11

=30 2.06 (1.46-2.91) <0.001 2.58 (1.53-4.34) <0.001
Hard physical activity (h/wk)

<1 1 (ref) 1 (ref)

=1 0.67 (0.39-1.15) 0.15 1.03 (0.67-1.57) 0.90
Smoking cigarettes

Never daily 1 (ref) 1 (ref)

Formerly 1.65 (1.15-2.36) 0.007 1.45 (0.91-2.31) 0.12

Present daily 2.11 (1.51-2.94) <0.001 1.38 (0.84-2.29) 0.21
Problems with breathlessness the last 12 mo

Not at all 1 (ref) 1 (ref)

Slightly 1.12 (0.68-1.86) 0.66 2.57 (1.55-4.28) <0.001

Very much 1.43 (0.45-4.59) 0.55 2.48 (0.74-8.39) 0.14
Problems with constipation the last 12 mo

Not at all 1 (ref) 1 (ref)

Slightly 1.05 (0.75-1.48) 0.77 0.94 (0.53-1.66) 0.82

Very much 1.54 (0.95-2.49) 0.078 1.41 (0.43-4.68) 0.57
Type of bread

Only fine 1 (ref) 1 (ref)

Mixed 1.08 (0.65-1.79) 0.77 1.06 (0.58-1.93) 0.85

Only coarse 0.93 (0.62-1.41) 0.74 1.24 (0.74-2.07) 0.41
Highest educational level

Primary school 1 (ref) 1 (ref)

Higher than primary school 1.13 (0.82-1.54) 0.46 0.90 (0.61-1.33) 0.60
Living area

Urban 1 (ref) 1 (ref)

Rural 0.92 (0.65-1.30) 0.63 1.80 (1.21-2.67) 0.004

one hour per week and admission for the disease after
adjustments. Cigarette smoking has been associated
with increased severity of acute colonic diverticulitis™®.
In the present study, daily smoking increased the risk
of admission for the disease by 2.2-fold in females.
Previous studies found that smoking increased the
risk of acute colonic diverticulitis by 25%-60% in
both sexes'”?4 and increased the risk of complicated
diverticulitis by 2.7 to 3.6-fold™**?. However, drawbacks
of these studies were small number of cases™®, sex-
specific cohorts®®>? or lack of adjustments for dietary
and other lifestyle factors like physical activity™,

A previous long term study from this area of
patients admitted with acute colonic diverticulitis,
revealed an increased long term mortality by chronic
obstructive pulmonary disease (COPD) of 10%
(95%CI: 6.0-16) in'**!, In comparison, COPD was the
cause of death in 4.2% (95%CI: 4.0-4.4) in the total
population from the same area. This suggested a link
between COPD and acute colonic diverticulitis, which
was also found in another study™. In the present
study, we wanted to elucidate the association between
COPD and diverticulitis in another way. Duration of
breathlessness was chosen as a proxy variable for

Baishidenge ~ WJG | www.wjgnet.com

10669

COPD from HUNT2. The results of the present study
showed that shortness of breath was associated with
increased risk of admission for the disease. Few studies
have previously studied the possible relationship
between COPD and diverticulitis, although one other
study, found that complicated diverticulitis was
associated with pulmonary symptoms and problems in
23% of the cases®,

In the present study, constipation was not asso-
ciated with increased risk of admission for acute
colonic diverticulitis. Similar, a recent multicenter study
found no association between constipation and left-
sided colonic diverticulosis®!, while in another study,
constipation was considered a symptom of, rather than
a direct risk factor for, acute colonic diverticulitis®”.

High dietary fiber intake is traditionally thought to be
associated with decreased risk of diverticular disease®?*”!,
although high quality evidence is lacking®**!.. In the
present study, type of bread, whether fine or coarse,
had no effect on the risk of admission for acute colonic
diverticulitis. This is consistent with other studies, which
found no association between cereals and acute colonic
diverticulitis!®~%*,

In the present study, males living in rural areas
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had 80% increased risk of admission for acute colonic
diverticulitis. In two previous studies, the risk of acute
colonic diverticulitis was slightly elevated in both sexes
living in rural areast®*",

Biological mechanisms

Aging showed increased risk of admission for acute
colonic diverticulitis. Colonic diverticulosis can be
considered a degenerative disease in which increasing
age leads to weakness of supporting connective tissue
and subsequent increase in intraluminal pressure and
later increased risk of colonic diverticulitis. However,
the exact mechanism of increased risk of diverticulitis
in humans with aging is still unclear™,

Obesity is shown to be a risk factor for diverticular
disease and its complications®*****!, One likely mecha-
nism for development of acute colonic diverticulitis is
that increased fat deposition in the mesentery act pro-
inflammatory with activation of macrophages within
the adipose tissue and subsequent increase in TNF-a.
Translocation of luminal bacteria from the intestine
to the systemic circulation due to impaired barrier
function may also play a role in this pathogenesis®.

Cigarette smoking causes changes in the colonic
wall structure in patients with diverticular disease that
are similar to changes found in blood vessels caused
by smoking in other organs. In addition, smoking
is thought to affect colonic motility and intraluminal
pressuret®®,

There is a possible coexistence between COPD and
acute colonic diverticulitis. While smoking is a known
risk factor for both diseases, it is unclear whether COPD
is a risk factor or comorbidity in this context. Both
inflammatory bowel disease and COPD share many
similarities in inflammatory pathogenesis®!, but the
mechanism behind the association between breath-
lessness and risk of acute colonic diverticulitis is poorly
understood.

Strengths and weaknesses

This study has a population-based design with a large
sample size and high participation rate. This diminishes
selection bias, strengthens the study power, reduces
the risk of chance findings and facilitates subgroup
analyses. The objective and uniform measurement of
height and weight by qualified personnel minimized
the risk of differential misclassification of BMI®®,
The prospective nature and use of standardized
questionnaires on risk factors limits the potential for
recall bias.

The population of North Trondelag County is stable,
ethnic white, homogenous and representative of the
Norwegian population, with the exceptions of a slightly
lower average income and absence of a large city™.

The wide range of exposure data collected in HUNT2
made it possible to adjust for a number of potential
confounding factors, like symptoms of constipation
and breathlessness, educational level and living area,
which is seldom done in analyses of acute colonic
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diverticulitis. We used multiple imputation to account
for missing data with the resulting more accurate HRs
and more precise CIs and significance tests.

Many patients with acute colonic diverticulitis
have vague symptoms, does not seek the doctor, and
recover without antibiotics. Only part of all patients
with this disease will be admitted to hospital. We are
not aware of any change in admission policy for acute
colonic diverticulitis during the study period. In addition
to using the ICD-codes set by the doctor in charge
at discharge, every hospital record was reviewed to
ensure a higher probability of a correct diagnosis and
prevent misclassifications'*. Still, the diagnosis of
acute colonic diverticulitis may have been incorrect in
a minority of patients with known diverticulosis, who
presented with pain in the lower abdomen, fever and
an elevated CRP, without a CT scan.

CT scan is considered to be gold standard for the
diagnosis of acute colonic diverticulitis. During the
earlier years of this study, CT scan was used more
infrequently. Even with the nowadays widespread
availability of CT scans in many countries, we think
it would be unadvisable due to radiation hazard, to
perform CT scans in every patient with suspected
uncomplicated, acute colonic diverticulitis.

Another limitation of the study is the 30% of
non-participants in HUNT2. Non-participants, who
were later admitted with acute colonic diverticulitis,
were younger than participants in HUNT2: 7 and 9
years younger for females and males, respectively.
Therefore, the study results may not be directly
generalizable to a younger population. Some subjective
variables that we used in the analysis, like symptom of
breathlessness and type of bread eaten, could have led
to information bias due to their questionnaires’ nature.
Another limitation is possible biased estimates due to
residual confounding, as there are always unknown
confounders that are unaccounted for in such studies.

The results of the present study apply to patients
with colonic diverticulitis that was severe enough to
require admission to hospital. The conclusions cannot
be transformed without reservations to patients with
diverticulitis not admitted to hospital.

In conclusion, this large prospective population-
based cohort study showed that increasing age was
associated with increased risk of admission for acute
colonic diverticulitis in both sexes. Obese individuals
had twice the risk of admission for acute colonic
diverticulitis compared to those with normal weight.
Previous or present cigarette smoking increased the
risk of admission for acute colonic diverticulitis in
females. There was no association between constipation
or eating bread with fine or coarse grains and admission
for acute colonic diverticulitis.
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Background

Admission rates for acute colonic diverticulitis is increasing in the Western
world. What health related factors are independently associated with
diverticulitis?

Research frontiers

During the North-Trondelag Health Study in Norway, the HUNT2 study,
performed during 1995-1997, a number of health related variables were
collected. The present investigation studied which factors were independently
associated with later admission for acute colonic diverticulitis. The participants
contributed 611492 person-years of follow-up.

Innovations and breakthroughs

This large study demonstrated the independent association between increasing
age and increasing body mass index and risk of admission for acute colonic
diverticulitis in both gender. In females, cigarette smoking likewise increased
the risk of admission. In males, breathlessness, a HUNT variable associated
with chronic obstructive pulmonary disease, increased the risk of admission. On
the other hand, physical activity, constipation and type of bread eaten showed
no independent association with admission for acute colonic diverticulitis.

Applications
The results of this study may give further strength to argue for changes in
lifestyle factors in a matter to possibly avoid acute colonic diverticulitis.

Peer-review
The study of a large population provides a useful overview of the various risk
factors and their clinical impact.
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