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ABSTRACT

Background and Aim: The association between colonic diverticulosis, diverticulitis, and mortality is controversial. This study
evaluated the association between diverticular disease and mortality over a prolonged period in a GP cohort.

Methods: GP records were sourced from the United Kingdom medical database (THIN). Diverticulosis and diverticulitis were
identified via Read codes. The overall patient cohort (n=1274260) included patients with colonic diverticula (n=39521 [3.1%],
mean age 54) and no diverticula (control group) (n=1234739 [96.9%], mean age 38). Poisson regression estimated relative rates,
and durational time at risk and survival probability were calculated.

Results: Colonic diverticula are associated with an increased mortality risk when compared with nondiverticular patients
(OR=1.89, 95% CI 1.84-1.94; p<0.001). However, controlling for age, sex, and potential confounding variables yielded a de-
creased mortality risk overall for colonic diverticula patients (HR=0.66, 95% 0.64-0.6; p <0.001). When the diverticulitis co-
hort is separated into uncomplicated and complicated, increased mortality is observed in both uncomplicated diverticulitis
(HR=0.64, 95% CI 0.61-0.66; p < 0.001) and complicated diverticulitis (HR =1.14, 95% CI 1.02-1.28; p=0.024), but on controlling
for confounding, there is a decreased risk of mortality for uncomplicated diverticulitis (HR =0.65, 95% CI 0.63-0.66; p <0.001)
but almost two times increased mortality risk for complicated diverticulitis (HR =1.18, 95% CI 1.05-1.32; p=0.006).
Conclusions: In this large UK GP sample, controlling for age, sex, and comorbidities, patients with uncomplicated diverticula
are associated with a lower mortality risk. However, complicated diverticulitis still carries two times the risk of mortality than
those with no or uncomplicated colonic diverticula.

Abbreviations: CI/s, confidence interval/s; HR, hazard ratio; GP/s, general practice/practitioners; NHS, National Health Service; OR/s, odds ratio/s; SD, standard deviation; THIN, The Health
Improvement Network; WHO, World Health Organization.
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1 | Introduction

Colonic diverticulosis is a common disease [1] identified across
Westernized countries [2], yet it is primarily an asymptom-
atic pathologic condition [3, 4]. An advancing age-associated
disease [1], colonic diverticulosis affects an estimated 30% of
individuals aged 60 and over, increasing to 70% or higher over
the age of 80years [3, 4]. Of these patients with known asymp-
tomatic diverticula, it has been reported that anywhere be-
tween 4% and 25% become symptomatic [2-4]. It is estimated
that 10%-15% [5] of symptomatic patients eventually present
to an emergency department with diverticulitis or its compli-
cations, notably perforation, abscesses, fistula, stricture, or
bleeding [2, 5, 6].

Recent reports suggest that not only is the incidence of colonic
diverticulitis increasing [2, 7] but so too are hospitalization
admissions for complicated diverticulitis, as are emergency
surgical interventions [6, 8, 9]. There is an increasing world-
wide disease burden of diverticulitis in terms of morbidity and
mortality, which impacts the healthcare economy [2, 6]. In the
United Kingdom, admission rates for acute colonic diverticu-
litis rose between 1996 and 2006 from 0.56 to 1.20/1000/year,
with a reported 2.28-fold increase in perforation admissions
[2], equating to approximately 12000 emergency bowel resec-
tions per year. In the United Kingdom, perforated diverticular
disease alone has an important associated short-term (8.4%)
and long-term mortality rate (14.5%) [2]. The exact cost bur-
den to the UK National Health Service (NHS) is unreported
[2]. A recent Australian study [7] concluded that complicated
diverticulitis is currently increasing the length of hospital stay
for acute diverticulitis patients (80%) despite conservative care
management [7]. Less is known about how colonic divertic-
ular disease impacts mortality in general primary care prac-
tices [10].

Studies of mortality in patients with colonic diverticular disease
tend to be short-term, focusing on diverticulitis complications
[4, 8], and studies of long-term mortality are rare and often
undertaken without controls of comparable disease-free indi-
viduals [4]. Therefore, it is controversial if colonic diverticular
disease is associated with increased mortality. A recent Swedish
cohort study [3] suggested that overall mortality in patients with
colonic diverticular disease may be increased in the general
population (hazard ratio (HR) 1.34, 95% confidence interval
(CI) 1.32-1.36).

This study sought to evaluate whether colonic diverticular dis-
ease is associated with excess mortality over a prolonged pe-
riod in a UK nationwide general practice cohort. As patients
are required to register with a general practice in the United
Kingdom, the cohort includes healthcare seekers and those not
otherwise seeking healthcare. Potentially confounding vari-
ables of age at first contact with the medical practice and sex
at birth, as well as comorbid diseases, were further controlled
for in estimating the association between diverticular disease
and mortality. Any association with excess mortality was also
explored by evaluating uncomplicated and complicated diver-
ticulitis mortality.

2 | Methods
2.1 | Data Acquisition

Study subjects were drawn from UK general practices with lon-
gitudinal patient data captured from electronic medical records
via The Health Improvement Network (THIN) [11, 12]. This
UK primary care research database contains anonymized elec-
tronic health records from over 850 general practices (GPs) (via
the VISION clinical system; cegedim, UK), with around 10 mil-
lion active patients [13]. THIN collects raw data from practices,
queries possible data errors, and standardizes fields related to
diagnoses, prescriptions, and referrals for comparability across
practices [14]. THIN follows an equivalent methodology to the
General Practice Research Database [15], which is representa-
tive of the UK general population with respect to demographics,
significant condition prevalence and mortality rates within the
United Kingdom [14]. The validity of THIN gastrointestinal dis-
order diagnoses (peptic ulcer disease, colorectal cancer, gastro-
intestinal bleeding) has been undertaken and was robust [12].
While diverticular disease was not included in the validation
work, which may be a limitation, other endoscopic diagnoses
were validated. This procedure has been approved by the UK
National Health Services' South-East Multicentre Research
Ethics Committee (Ref: 20/SC/0011; March 20, 2020). Funding
to obtain access to the data was provided by a grant from AusEE
Inc (Australia).

2.2 | Patient Initial Identification
and Diagnosis Codes

The original patient cohort (n=1274260) was selected from the
THIN dataset based on having one or more of the following di-
agnoses: irritable bowel syndrome (IBS) (n=139194; 10.92%),
functional dyspepsia (FD) (n=232107; 18.22%), or chronic con-
stipation (n=12297; 0.97%), in their medical record. A cohort
of controls with no gastrointestinal disease record was also
identified (n=36435; 2.86%). Inclusion criteria also required a
follow-up period of at least 10years of GP medical records. This
dataset of digestive gastrointestinal-brain interaction (DGBI)
healthcare seekers was chosen to represent an overall gastroin-
testinal healthcare seeking sample, with the rationale that this
cohort would be a reasonable cohort to answer digestive health
hypotheses. DGBIs are not associated with increased mortality
outcomes but often overlap with colonic diverticulosis and di-
verticular disease diagnosis [16-18]. Patient covariate and co-
morbidity data were extracted by searching the dataset using
the variable parameters employed for this study (Supporting
Information S1).

3 | Colonic Diverticulosis and Diverticular Disease
Definition

From this retrospective cohort, colonic diverticulosis and di-
verticulitis (also referred to as “any diverticula”) were defined
by Read codes that corresponded to Medcodes (K57 and K57.90
[diverticular disease and diverticulosis]; K57.30, K57.31, and
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K57.91 [diverticulosis of the colon, large intestine, including un-
specified and nos, bleeding diverticulosis]; K57.20 and K57.80
[perforated diverticulum of the colon, large intestine, including
unspecified and nos, diverticular abscess|); these codes are used
across the United Kingdom for record reproducibility, allowing
follow-up beyond the primary care setting [14]. From the 1.27
million patient records obtained from THIN, patients who did
not have one of the Read or Medcodes corresponding to diver-
ticula were included within the control cohort. Further anal-
ysis separated uncomplicated and complicated diverticulitis.
Complicated diverticulitis was defined as cases of diverticula
bleeding (n=56; died 37.5%), perforation (n=458; died 23.8%),
abscess (n=249; died 22.9%), or fistula (n =385; died 29.1%).

3.1 | Determination of First Contact and Length
of Follow-Up

First contact was recorded as the first date the patient registered
with the practice. Follow-up was reported as the time from first
contact until a reported death date, or the patient was no longer
registered with that GP. Patients’ age at first and last contact (or
death) was also recorded. Cause of death information was not
provided in the available data set.

3.2 | Statistical Analysis

This study aimed to compare the mortality rate of patients
with colonic diverticulosis, diverticulitis, or neither within a
follow-up period. Further, we aimed to determine the mortal-
ity percentages of the cohort who were reported as alive or de-
ceased after the follow-up period.

The analysis initially employed logistic regression to deter-
mine the risk of mortality in the cohort with a diagnosis of ei-
ther diverticulosis or diverticulitis if time-at-risk and potential
confounding variables are ignored. This analysis is reported in
terms of odds ratios (OR) and 95% confidence interval (CI), as
well as two-tailed p values (p). This might mimic what a phy-
sician might observe in their clinical practice. To account for
time-at-risk of mortality, we also utilized Cox's proportional
hazards regression by considering time until either death or the
end of the medical record. Patients remaining alive at the end of
their medical records were treated as right censored. This anal-
ysis is reported in terms of HR, 95% CI and p value.

We further sought to determine if any associated excess mortal-
ity risk is attributed to confounding of age at first contact, sex
at birth, and comorbidity variables (Crohn's disease, ulcerative
colitis, esophagitis, Helicobacter pylori infection, diabetes types
1 and 2, appendicitis, chronic obstructive pulmonary disease
[COPD], obesity, dyslipidemia, alcohol-related disease, eosino-
philic pulmonary disease [EPD], dementia, lung cancer, stroke,
chronic kidney disease [CKD], liver disease, gastric cancer, col-
orectal cancer, and other cancers), by controlling for these vari-
ables in the Cox regression model.

The analyses to determine the risk of mortality and excess mor-
tality risk were further reported on the diverticulitis cohort by
splitting the patient group into uncomplicated and complicated

diverticulitis. Kaplan-Meier estimation was undertaken by cal-
culating the survival probability of uncomplicated and compli-
cated subgroups against the control group (no diverticulosis).

4 | Results
4.1 | Patient Cohort

Cohort baseline demographics are reported in Table 1. Overall,
the THIN database supplied 1274260 patients meeting the in-
clusion criteria. The cohort was composed of a patient cohort
(all diverticula) (n =39 521 [3.1%], mean age 54) or no diverticula
(n=1234739 [96.9%], mean age 38) (control comparison group).
Patients with colonic diverticula were further subgrouped into
patients with uncomplicated diverticula (combined colonic di-
verticulosis and uncomplicated diverticulitis) (n =38389 [3.0%],
mean age 55years) and complicated diverticulitis (n=1132
[0.1%], mean age 53). The overall cohort at baseline was predom-
inantly female (n=722913; 56.7%). Patients' first contact with
their GP occurred predominantly before reaching 30years of

TABLE1
Sex ratios by number (n) and percentage (%), age ranges for first contact
recorded in general practice (GP) records, subgrouped further by
the mean and standard deviation (SD) of those with diverticulosis or
diverticulitis, and those without. The duration of GP records held in

| Baseline demographics of the entire cohort (n =1274260).

terms of patient numbers (n) and %, along with the mean (with SD) in
years of follow-up duration.

Sex, n (%)
Female 722913 (56.7)
Male 551347 (43.3)

Age range at first contact, n (%)

<30 378919 (31.3)
30-39 235019 (19.4)
40-49 207858 (17.2)
50-59 177634 (14.7)
60-69 127611 (10.5)
70-79 65535 (5.4)
80+ 18002 (1.5)
Patients identified, mean age AFC (SD)
With uncomplicated diverticula 55(3.0)
With complicated diverticulitis 53(0.1)
Without diverticulosis/itis (controls) 38(96.9)
Duration of GP record, n (%)
1-5years 91854 (7.6)
6-10years 124010 (10.2)
11-15years 348545 (28.8)
15+years 646169 (53.4)
Duration of follow-up in years, mean (SD) 16 (7.0)
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age (n=378919; 31.3%), with patients aged 80years less likely
to have their first GP appointment for diverticula disease at that
age (n=18002; 1.5%), with an overall duration of follow-up av-
eraging 16years (SD 7.0) (Table 1). Cumulatively, patients aged
below 30-59years accounted for 82.6% of the study population
at first GP contact. Follow-up person-years were calculated for
patients with uncomplicated diverticulitis (17356021 person-
years), complicated diverticulitis (709067 person-years), or nei-
ther (20222 person-years).

4.2 | Demographics and Comorbidities in
Diverticular Disease

Tables 2 and 3 tabulate mortality and comorbidities by age and
sex (female vs. male). Table 2 describes the whole cohort split

TABLE2 |

into those with and those without any recorded history of diver-
ticula. Table 3 describes the whole cohort split into those with
any recorded colonic diverticula history, identified as uncompli-
cated or complicated diverticulitis.

4.3 | Diverticular Association With Mortality

Ignoring potential confounding variables and time at risk, any
medical record of diverticular disease is associated with an in-
creased mortality risk (15.9%). When compared with those with
no diverticula (9.1.%), the odds ratio for mortality predicted
colonic diverticula is OR=1.89 (95% CI 1.84-1.94; p<0.001).
However, when time-at-risk is considered in a Cox regression
model, the hazard ratio identified a reduced risk of mortality
with diverticular disease (HR=10.66, 95% 0.64-0.67; p<0.001),

Demographics and comorbidities of the entire cohort according to any diverticula (any recorded history of colonic diverticula). Logistic

regression of patient demographics: sex (female), those who died during the period of follow-up, and a list of potentially related comorbidities were
tabulated by number (n) of patients and the percentage (%) of the cohort, with statistical significance (p value) for the division of the whole cohort
(n=1274260) into subgroups of those without diverticular disease indicated, and those with records indicating a diagnosis of diverticular disease.

No diverticula (%) Any diverticula (%) D

n 1234739 (96.9) 39521 (3.1)

Age at 1% contact, mean (SD) 38.33 (SD 20.7) 53.7 (SD 14.04) <0.001
Sex (F vs. M) 699846 (56.7) 23067 (57.4) <0.001
Died 112451 (9.1) 6285 (20.6) <0.001
Obesity 2180 (0.2) 132(0.3) <0.001
Alcohol-related 9633 (0.8) 468 (1.4) <0.001
Dementia 8053 (0.7) 656 (3.2) <0.001
Eosophagitis 97060 (7.9) 8307 (17.7) <0.001
Lung cancer 1549 (0.1) 463 (1.6) <0.001
COPD 4718 (0.4) 535 (1.5) <0.001
EPD 56 (<0.1) 5(<0.1) 0.059
Dyslipidemia 40485 (3.3) 3442 (7.8) <0.001
Stroke 18489 (1.5) 1607 (8.8) <0.001
Diabetes type I 5871 (0.5) 167 (0.8) 0.302
Diabetes type II 83749 (6.8) 6721 (16.5) <0.001
CKD 4718 (0.4) 535 (3.0) <0.001
Appendicitis 19323 (1.6) 747 (3) <0.001
Liver disease 2921 (0.2) 256 (0.13) <0.001
Helicobacter pylori 10139 (0.8) 838 (3.3) <0.001
Gastric cancer 27122 (2.2) 2336 (13.2) <0.001
Crohn's disease 3193 (0.3) 239(1.6) <0.001
Ulcerative colitis 3494 (0.3) 337(0.8) <0.001
Colorectal cancer 1549 (0.1) 463 (0.8) <0.001
Other cancer 40720 (3.3) 3342 (7.8) <0.001

Abbreviations: CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease; EPD = eosinophilic pulmonary disease; F vs. M =female versus male;

n=number; SD =standard deviation.
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TABLE 3 |

Demographics and comorbidities of the entire cohort according to any recorded history of uncomplicated diverticular disease or

complicated diverticular disease at baseline. Logistic regression of patient demographics: sex (female), those who died during the period of follow-
up, and a list of potentially related comorbidities were tabulated by number (n) of patients and the percentage (%) of the cohort, with statistical

significance (p value) for the division of the whole cohort (n =1274260) into subgroups of those without diverticular disease indicated, and those with

records indicating a diagnosis of diverticular disease.

Uncomplicated Complicated diverticular
No diverticula (%) diverticular disease (%) disease (%) P

n 1234739 (96.9) 38389 (3.0) 1132 (0.1)

Age at 1% contact, mean (SD) 38.33 (SD 20.7) 54.79 (SD 12.80) 52.61 (SD 15.28) <0.001
Sex (F vs. M) 699846 (56.7) 22428 (58.4) 639 (56.4) <0.001
Died 112451 (9.1) 5995 (15.6) 290 (25.6) <0.001
Obesity 2180 (0.2) 127 (0.3) 5(0.4) <0.001
Alcohol-related 9633 (0.8) 470 (1.2) 18 (1.6) <0.001
Dementia 8053 (0.7) 639 (1.7) 17 (1.5) <0.001
Eosophagitis 97060 (7.9) 8147 (21.2) 160 (14.1) <0.001
Lung cancer 1549 (0.1) 458 (1.2) 5(00.4) <0.001
COPD 4718 (0.4) 516 (1.3) 19 (1.7) <0.001
EPD 56 (<0.1) 5(<0.1) 0(<0.1) 0.06
Dyslipidemia 40485 (3.3) 3365 (8.8) 77 (6.8) <0.001
Stroke 18489 (1.5) 1553 (4.0) 54 (4.8) <0.001
Diabetes type I 5871 (0.5) 163 (0.4) 4(0.4) 0.302
Diabetes type I 83749 (6.8) 6541 (17.0) 180 (15.9) <0.001
CKD 4718 (0.4) 516 (1.3) 19 (1.7) <0.001
Appendicitis 19323 (1.6) 699 (1.8) 48 (4.2) <0.001
Liver disease 2921 (0.2) 248 (0.6) 8(0.7) <0.001
Helicobacter pylori 10139 (0.8) 826 (2.2) 12(1.1) <0.001
Gastric cancer 27122 (2.2) 2253 (5.9) 83(7.3) <0.001
Crohn's disease 3193 (0.3) 209 (0.5) 30(2.7) <0.001
Ulcerative colitis 3494 (0.3) 329 (0.9) 8(0.7) <0.001
Colorectal cancer 1549 (0.1) 100 (0.3) 3(0.3) <0.001
Other cancer 40720 (3.3) 3260 (8.5) 82(7.2) <0.001

Abbreviations: CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease; EPD = eosinophilic pulmonary disease; F vs. M =female versus male;

n=number; SD =standard deviation.

which is clearly illustrated in the survival plot in Figure 1.
Controlling for age at first contact and sex yields a similar hazard
ratio estimate (HR =0.63, 95% 0.61-0.64; p <0.001). Further uni-
variate analysis for all other potentially confounding variables
in Table 2 still yields a similar hazard ratio estimate (HR =0.66,
95% 0.64-0.68; p<0.001).

Additionally, when the diverticulitis cohort is separated into
uncomplicated and complicated diverticulitis groups, ignoring
potential confounding variables, the mortality risk for simple
diverticulitis was calculated as 15.6% and complicated divertic-
ulitis as 25.6% (both p<0.001). The mortality for patients with
simple diverticulitis (HR=0.64, 95% CI 0.61-0.66; p<0.001)

and complicated diverticulitis (HR=1.14, 95% CI 1.02-1.28;
p=0.024) was increased when compared with the nondivertic-
ular controls.

Controlling for age at first contact and sex yielded a de-
creased risk of mortality for uncomplicated (HR=0.61, 95% CI
0.56-0.63; p<0.001), but still two times the associated mortality
risk for complicated diverticulitis (HR=1.17, 95% CI 1.05-1.32;
p=0.006). Further controlling for all other potentially con-
founding variables still yields a similar odds ratio estimate for
uncomplicated diverticulitis (HR=0.65, 95% CI 0.63-0.66;
p<0.001) and complicated diverticulitis (HR=1.18, 95% CI
1.05-1.32; p=0.006) (Figure 2).
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Cox proportional hazards regression

1_
_ .75
©
2
e
=
7]
S 54 — Non-DD
g —— DD
Qo
©
Qo
o
o
.25
0_
T T T T T T
0 20 40 60 80 100

Age (years)

FIGURE1 | Time-at-risk for patients with diverticular disease. Time-at-risk is considered in a Cox proportional hazards regression model. The

hazard ratio identified a reduced risk of mortality in patients with diverticular disease (red) against those without (non-DD, blue). This is graphed

according to age in years against the probability of survival (0-1).
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FIGURE2 |

Survival estimates for patients with diverticular disease. Survival is considered in a Kaplan-Meier estimate model the survival prob-

ability of patients without colonic diverticular disease (blue), divided by the number of patients at risk, each for uncomplicated (red) and complicated
(green) colonic diverticular disease. This is graphed according to age at death in years (0-120).

5 | Discussion

We set out to evaluate whether colonic diverticular disease is
associated with excess mortality over a prolonged period in a
general practice healthcare-seeking population. Considering
potential confounders, we were able to show in this study that
overall colonic diverticular disease is not associated with excess
mortality over the study period and that age-related comorbidi-
ties likely account for the increased risk.

We further separated the diverticulitis cohort into those with
uncomplicated and complicated disease and confirmed that
complicated diverticulitis has a higher mortality-associated

excess than uncomplicated diverticulitis despite controlling for
age, sex, and other potential confounders.

Patients with diverticulosis and uncomplicated diverticular dis-
ease were found to have a lower mortality risk than those without
diverticular disease. We can speculate that as these were investi-
gated cases, the lower mortality may reflect previous colonoscopy
and removal of incidental polyps or identification of early colonic
cancers. We also cannot exclude sociodemographic factors such as
those who presented for investigation coming from a higher so-
cioeconomic background and, therefore, being generally healthier.
On the other hand, as expected, complicated diverticulitis was as-
sociated with a higher mortality regardless of other factors.
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In areview of the current literature (Supporting Information S2),
four mortality studies in diverticular disease were identified
(2009-2022) [3, 6, 19, 20]. Humes et al. in 2009 [20] reported
that, in a general practice cohort, patients with perforated di-
verticular disease were twice as likely to die than the general
public, even when corrected for age, sex, and comorbidities. The
highest mortality rates occurred in this cohort within the first
3months following perforation. In the second study published
in 2012 [6], Humes et al. reported on mortality within the first
year of diagnosis between those with acute and complicated
diverticulitis. Overall, when controlled again for age, sex, and
comorbidities, mortality in hospital-reported patients was 1.5
times that of general practice patients when compared with the
general population. Excess mortality occurred mainly within
the first year post-diagnosis, especially in those patients with
complications of abscess and perforation (15.5%). Interestingly,
this study showed that the majority of patients with complicated
colonic diverticulitis had no reported prior medical history of
acute diverticulitis. The third study by Hunt et al. [19] obtained
data from the World Health Organization (WHO) Vital Statistics
Registry Mortality Database. Overall, the 58-nation study indi-
cated that the average age-adjusted mortality rate from diverticu-
lar disease was 0.51 +0.31 per 100000 (range 0.11-1.75/100000).
This study was predominantly concerned with looking at pat-
terns of mortality increase and decrease within developed
and developing nations, specifically in proportion to increas-
ing rates of obesity (average % of incidental overweight adults:
0.53+0.10 per year; p<0.0001). Overall, developing nations
had an increasing colonic diverticular disease mortality bur-
den (0.027£0.024/100000 per year) than developed nations
(0.005£0.025/100000 per year; p=0.001). The present data are
consistent with the most recent findings of Cameron et al. [3],
who assessed the risk of mortality in colonic diverticular disease
patients within the Swedish National Healthcare Registers with
inflammation observed at histopathology. The study reported
that in a Swedish cohort, colonic diverticular disease overall is
associated with excess mortality compared with reference indi-
viduals in a general population cohort over a minimum 10-year
period, with the highest mortality in the first year of follow-up
after diagnosis. Individuals with colonic inflammation at histo-
pathology and a diagnosis of colonic diverticula had a 36% in-
creased risk of mortality (95% CI=1.33-1.38), especially in the
first-year post-diagnosis (HR =2.18; 95% CI=2.05-2.32). In this
study, the hazard ratio was not controlled for age and sex. Until
the present study, diverticular disease has been thought to be as-
sociated with overall increased mortality, with the highest rates
of mortality occurring within the first year post-diagnosis.

The current study provides alternative evidence that, overall,
patients with colonic diverticular disease, when adjusted for age,
sex, and comorbidities, are not at an increased mortality risk
compared with reference individuals in a general population co-
hort. However, when the diverticulitis cohort was subgrouped
into uncomplicated and complicated, we observed that patients
with complicated diverticulitis were at almost two times in-
creased risk of mortality than their reference counterparts.

In Australia, 0.2% of all deaths were attributed to diverticular
disease [3]. In the United States, it has been reported that diver-
ticular disease accounts for 0.9 deaths per 1000000 adults [21].
Those who do develop complications from diverticular disease

(perforation, abscess, stricture, obstruction, or fistulas) usu-
ally require medical intervention [3]. Patients who require ad-
mission and surgical management have a higher mortality risk
through surgical complications, sepsis, and hemorrhage [3, 22].
A recent Swedish cohort study identified that compared with
diverticula-free patients, diverticulitis sufferers had a four times
higher mortality rate within 100 days of their hospital admission
(HR 4.44, 95% CI 4.26-4.63) [4].

It is reassuring that uncomplicated diverticular disease is not
inherently associated with increased mortality once confound-
ing has been considered as per the present results. Patients who
present with acute or uncomplicated diverticulitis are usually
managed conservatively, with approximately 80% of these pa-
tients reported to be treated successfully [22]. Unfortunately,
approximately 20% of patients do not respond to conservative
management and progress to complicated disease.

This study had several strengths. By adjusting for age and sex,
this study was able to show that patients with colonic diverticu-
lar disease are not at increased risk of mortality compared with
their nondiverticular counterparts; adjusting for comorbidities
did not change the results. The use of a general practice longi-
tudinal database captured the patient's long-term medical out-
comes. To date, data on diverticular disease, even population
data, have been limited to hospital records that pertain to pa-
tients presenting when symptomatic. As patients are assigned a
GP in the United Kingdom and the population is fully covered,
a strength of this study design is the ability to capture, in part at
least, a representation of patients with colonic diverticula and
assess the risk of mortality.

Our study has several limitations. Its primary aim was to eval-
uate the association between diverticular disease and mortal-
ity over a prolonged period using GP cohort data, starting from
the first mention of the condition in patient records. The study
did not include longitudinal follow-up or assess surgical in-
terventions over time. Additionally, cause-of-death data were
unavailable. Inconsistencies in recording symptoms and iden-
tifying colonic diverticula across physicians present a potential
weakness. The control group (n=1234739) was significantly
larger than the cohort group (n=38389), which could introduce
selection bias. However, as both groups were derived from the
same background population, this risk seems minimal. The
Read codes (K57, K57.90) used do not exclusively identify co-
lonic diverticular disease and may include rare cases of small
bowel or duodenal diverticulosis. However, given the low prev-
alence of these conditions, the impact on our findings is likely
minimal. Undiagnosed diverticulosis cases in the control group
may have inflated the mortality rate, potentially reducing the
observed association between diverticular disease and mortal-
ity. Nonetheless, we identified higher unadjusted mortality in
diverticular disease cases, indicating that any bias was minor.
Mortality rates in our controls (9.1% over 10-16years) and di-
verticular disease cases (15.9%) were consistent with published
UK data. For example, Humes et al. [20] reported mortality rates
of 19.4% (controls) and 31.1% (cases) over 10-15years, whereas
Humes and West [6] found similar rates (23% and 35.3%, respec-
tively). Survival probabilities were comparable across studies,
with the highest mortality incidence occurring in the first year,
aligning with nondiverticular controls thereafter.

1227



Although large control groups can sometimes introduce bias,
such as dilution of effect, underestimating confounding, or se-
lection bias, these issues were unlikely in our study because of
the shared population background of the groups.

Colonic diverticulosis is often a secondary disease diagnosed
during specialist colon examination for other pathology, or as re-
ported from imaging or observation during surgical procedures,
so under-reporting bias is possible. Many of the Read codes/
Medcodes did differentiate complications of colonic diverticula,
but they did not delineate patients with reoccurring or surgical
interventions, nor did they delineate between Hinchey clas-
sifications preventing subclassification of complicated cases.
Patients who may or may be immunosuppressed were unable to
be captured for separate analysis. Another potential limitation
that may have skewed our study was the use of a cohort orig-
inally recruited for a functional GI disease case/control study,
but this is a reasonable sample to study diverticular disease even
though it is not a random population sample, as confounding by
diagnosis seems unlikely and a large sample was studied. It must
be considered that the mean age of patients with colonic diver-
ticula at first contact with their GP (mean age 54) differed from
avery large cohort of nondiverticular controls (mean age 38).

In conclusion, our results suggest that overall colonic diver-
ticular disease at baseline is associated with excess mortality,
consistent with community sample findings. However, further
analysis suggests this is largely because of confounding factors.
When age, sex, and comorbidities are controlled for in the anal-
yses, uncomplicated colonic diverticulitis is associated with a
lower risk of mortality. However, complicated colonic divertic-
ulitis, even when controlled for other diseases, still carries a two
times increased risk of mortality.
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