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Abstract: Diverticular disease and acute coronary syndrome (ACS)

are common disorders that share several risk factors. Few researchers

have evaluated the association between diverticular disease and ACS.

We aimed to assess the risk of ACS in patients with diverticular disease.

A nationwide retrospective cohort study was conducted by analyz-

ing data from the National Health Insurance Research Database in

Taiwan. All patients aged �20 years with a diagnosis of diverticular

disease from January 1, 2000, to December 31, 2011, were included in

this study. For comparison, patients without diverticular disease were

randomly selected and matched with the study cohort at a 4:1 ratio
Chih-Hui Yang, Ph Lin, PhD,
, MD, PhD, and Chia-Hung Kao, MD

followed until an ACS event, withdrawal from the insurance program, or

December 31, 2011.

In this study, 52,681 patients with diverticular disease and 210,724

patients without diverticular disease were included. Men accounted for

56.1% of patients and 57.8% of patients were�50 years old. The overall

incidence density of ACS in patients with diverticular disease (45.5 per

10,000 person-years) was significantly higher than in those without

diverticular disease (30.3 per 10,000 person-years), with an adjusted

hazard ratio (HR) of 1.23 (95% confidence interval [CI], 1.14–1.32)

after adjustment for age, sex, and comorbidities. The cumulative

incidence of ACS in patients with diverticular disease was significantly

higher than that in the control cohort (log-rank test, P< 0.001). The

adjusted HRs for the development of ACS were 1.25 (95% CI, 1.15–

1.37) and 1.19 (95% CI, 1.07–1.32) in patients with diverticulitis and

diverticulosis, respectively. The adjusted HRs of ACS in patients with

diverticular disease additionally increased from 1.97 (95% CI, 1.73–

2.23) in patients with 1 comorbidity to 5.51 (95% CI, 3.88–7.84) in

those with �5 comorbidities.

This large population-based retrospective study revealed an associ-

ation between diverticular disease and ACS. Further research is war-

ranted to determine the exact mechanism of the link between these

diseases.

(Medicine 94(45):e2020)

Abbreviations: ACS = acute coronary syndrome, CI = condence

interval, COPD = chronic obstructive pulmonary disease, HR =

hazard ratio, ICD-9- = CMInternational Classification of Diseases

Ninth Revision Clinical Modification, NHI = National Health

Insurance, NHIRD = National Health Insurance Research

Database, SD = standard deviation.

INTRODUCTION

B oth diverticular disease and cardiovascular disease are
common worldwide and are generally considered distinct

entities with different pathogeneses. However, several studies
have provided evidence suggesting a link between diverticular
disease and cardiovascular disease.1–3 Although the association
between these diseases is difficult to conceptualize, they share
several risk factors including low dietary fiber intake, smoking,
hypertension, obesity, physical inactivity, and aging.1,4–11 The
pathogeneses of diverticular disease and cardiovascular disease
are multifactorial and complex. Chronic inflammation contrib-
utes to both of these diseases.12–14 Diverticular disease is
known to be associated with segmental colitis.15 Chronic
inflammation could result in intestinal microbiota transform-
ation and cause systemic inflammation, followed by arterial
n cardiovascular disease.16–17

ndrome (ACS), including ST-elevation
non-ST-elevation myocardial infarction,
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and unstable angina, is a life-threatening form of cardiovascular
disease.11 Recently, a large retrospective study in Denmark
involving �77,000 patients reported that diverticular disease
slightly increased the risk of acute myocardial infarction.1 The
prevalence and clinical manifestation of diverticular disease
vary between Asian and Western countries.18–21 However,
based on our research, no study has assessed the association
between diverticular disease and the risk of ACS in Asian
populations. Therefore, we conducted a nationwide retrospec-
tive cohort study to determine the subsequent risk of ACS in
patients with diverticular disease by analyzing data from the
National Health Insurance Research Database (NHIRD) of
Taiwan.

METHODS

Data Source
The National Health Insurance (NHI) program of Taiwan is

a government-operated, compulsory enrollment, and single-
payer system that was launched on March 1, 1995, and has
since provided coverage for�99% of the 23 million residents of
Taiwan.22 The National Health Research Institutes manages the
NHIRD claims data, which have been released to researchers in
electronically encrypted form since 1999. Demographic data,
medications, treatments, and diagnoses based on the Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) are included in the NHIRD. To
ensure the accuracy of disease diagnosis, the Bureau of NHI
randomly reviews the medical charts of 1 of every 100 out-
patient and 1 of every 20 inpatient claims. For this study, a
subset of the NHIRD containing health care data of inpatient
claims and the Registry of Beneficiaries was used. This study
was approved by the Ethics Review Board of China Medical
University Hospital (CMU-REC-101-012).

Sampled Participants
People in Taiwan are mainly an ethnically homogenous

Han Chinese population, accounting for 98% of all residents.23

All patients aged �20 years with a diagnoses of diverticular
disease, namely diverticulosis (ICD-9-CM codes 562.10,
562.12) and diverticulitis (ICD-9-CM codes 562.11, 562.13),
from January 1, 2000, to December 31, 2011, were included in
this study. A comparison cohort of patients without diverticular
disease was randomly selected from all NHI beneficiaries and
frequency matched with the study cohort at a 4:1 ratio according
to age (in 5-year bands), sex, and the year of diverticular disease
diagnosis. The index date was defined as the date of the initial
diagnosis of diverticular disease. Patients with incomplete age
or sex information and diagnosed with a history of cardiovas-
cular diseases (ICD-9-CM codes 410-414), namely acute myo-
cardial infarction (ICD-9-CM code 410), other acute and
subacute forms of ischemic heart disease (ICD-9-CM code
411), old myocardial infarction (ICD-9-CM code 412), angina
pectoris (ICD-9-CM code 413), and other forms of chronic
ischemic heart disease (ICD-9-CM code 414), before the index
date were excluded from the study.

We analyzed the comorbidities of patients, including dia-
betes mellitus (ICD-9-CM code 250), hypertension (ICD-9-CM
codes 401-405), hyperlipidemia (ICD-9-CM code 272), stroke
(ICD-9-CM codes 430-438), chronic obstructive pulmonary
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disease (ICD-9-CM codes 490-496), heart failure (ICD-9-CM
code 428), chronic kidney disease (ICD-9-CM code 585), atrial
fibrillation (ICD-9-CM code 427.31), cancer (ICD-9-CM codes
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140-208), liver cirrhosis (ICD-9-CM codes 571.2, 571.5,
571.6), depression (ICD-9-CM codes 296.2, 296.3, 300.4,
311), autoimmune diseases (ICD-9-CM codes 710.0-710.4,
714), and alcoholism (ICD-9-CM codes 291, 303, 305.0x,
357.5, 425.5, 571.0-571.3, V11.3).

Outcome
The primary outcome was the occurrence of ACS (ICD-9-

CM codes 410, 411.1, 411.8) during the follow-up period. All
the patients in our study were followed from the index date to
the date of a primary outcome, withdrawal from the NHI
program, or December 31, 2011.

Statistical Analysis
The baseline distributions of demographic characteristics

and comorbidities were evaluated using a chi-square test for
categorical variables and a 2-sample t test for the mean age and
mean follow-up between the study and comparison cohorts. The
cumulative incidence of ACS was assessed using the Kaplan–
Meier method, and the difference of incidence between the
cohorts was assessed using a log-rank test. The overall sex-,
age-, and comorbidity-specic incidence density rates (per
10,000 person-years) were calculated for each cohort. Univari-
ate and multivariate Cox proportional hazard regression
analyses were used to assess the risk of ACS in patients with
diverticular disease compared with those without diverticular
disease. Hazard ratios (HRs) and 95% confidence intervals (CIs)
were estimated using a Cox proportional hazards model. We
used a Wald chi-square test to assess the significance of each
variable in the model. The joint effects of diverticular disease
and comorbidities on the development of ACS were evaluated in
a multivariate model. All statistical analyses were performed
using SAS statistical software, Version 9.4 (SAS Institute Inc.,
Cary, NC). A 2-tailed probability was considered statistically
significant at P< 0.05.

RESULTS
This study investigated 52,681 patients with diverticular

disease and 210,724 patients without diverticular disease.
Table 1 shows the demographics and comorbidities of both
enrolled cohorts. Of the patients with diverticular disease,
57.8% of them were �50 years old, and 56.1% were men.
The mean� standard deviation (SD) ages of patients with and
without diverticular disease were 54.8� 17.9 years and
55.4� 17.8 years, respectively. Compared with those without
diverticular disease, patients with diverticular disease had a
significantly higher prevalence of all included comorbidities
(P< 0.001).

The mean�SD follow-up periods were 4.39� 3.25 years
and 4.65� 3.25 years in the study cohort and the comparison
cohort, respectively. The cumulative incidence of ACS in
patients with diverticular disease was significantly higher than
in those without diverticular disease (log-rank test, P< 0.001)
(Fig. 1). The overall incidence density rate of ACS in patients
with diverticular disease (45.5 per 10,000 person-years) was
significantly higher than in those without diverticular disease
(30.3 per 10,000 person-years), with an adjusted HR of 1.23
(95% CI, 1.14–1.32) after adjustment for age, sex, and comor-
bidities (Table 2). The risk of developing ACS was consistently
higher in the study cohort compared with that of the control

Medicine � Volume 94, Number 45, November 2015
cohort, regardless of sex or age group. However, the increased
hazard of ACS declined when the patients’ ages were higher.
The comorbidity-specific analysis showed that the increased

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Characteristics of Age, Sex, and Comorbidities of Patients in this Study

With Diverticular Disease
(n¼ 52,681)

Without Diverticular
Disease (n¼ 210,724)

Factor n % n % P

Age (year) 0.99
�49 22,216 42.2 88,864 42.2
50–64 12,952 24.6 51,808 24.6
�65 17,513 33.2 70,052 33.2
Mean�SD 54.8� 17.9 55.4� 17.8 0.001

Sex 0.99
Female 23,133 43.9 92,532 43.9
Male 29,548 56.1 118,192 56.1

Comorbidity
Diabetes mellitus 6800 12.9 10,799 5.12 <0.001
Hypertension 13,228 25.1 19,472 9.24 <0.001
Hyperlipidemia 2933 5.57 3738 1.77 <0.001
Stroke 3645 6.92 8377 3.98 <0.001
COPD 2748 5.22 4244 2.01 <0.001
Heart failure 1308 2.48 1960 0.93 <0.001
Chronic kidney disease 2857 5.42 3542 1.68 <0.001
Atrial fibrillation 795 1.51 1408 0.67 <0.001
Cancer 2287 4.34 6469 3.07 <0.001
Liver cirrhosis 1732 3.29 1493 0.71 <0.001
Depression 1048 1.99 1203 0.57 <0.001
Autoimmune diseases 308 0.58 680 0.32 <0.001
Alcoholism 1608 3.05 1146 0.54 <0.001

tion
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risk of ACS in patients with diverticular disease was significant,

COPD¼ chronic obstructive pulmonary disease, SD¼ standard devia
irrespective of whether there was comorbidity.
We further evaluated the association of ACS with diverti-

culosis and diverticulitis (Table 3). Compared with the normal

FIGURE 1. Cumulative incidence of acute coronary syndrome in
patients with and without diverticular disease.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
population, patients with diverticulosis had a 1.19-fold risk of
ACS (95% CI, 1.07–1.32), whereas those with diverticulitis
exhibited a 1.25-fold risk of developing ACS (95% CI, 1.15–
1.37).

The risk of ACS in patients with diverticular disease based
on comorbidities is shown in Table 4. Compared with the
control cohort, diverticular disease, diabetes mellitus, hyper-
tension, chronic kidney disease, and stroke significantly
increased the risk of developing ACS. The risk elevated further
in patients with diverticular disease as the number of comor-
bidities increased. The adjusted HR of ACS rose from 1.97
(95% CI, 1.73–2.23) to 5.51 (95% CI, 3.88–7.84) in patients
with diverticular disease when the comorbidity increased from 1
to >5.

DISCUSSION
This nationwide population-based retrospective cohort

study revealed that patients with diverticular disease exhibited
a 1.23-fold increased risk of ACS compared with those without
diverticular disease, after adjustment for age, sex, and relevant
comorbidities. With the increased number of comorbidities, the
risk of ACS gradually rose in patients with diverticular disease.

Few studies have evaluated the association between diver-
ticular disease and ACS. A prospective study performed �4
decades ago surveyed the prevalence of diverticular disease in
male patients within 3 to 4 months after acute myocardial
infarction.2 This previous study found a significantly higher
prevalence of diverticular disease among patients with myo-

.

cardial infarction (57%) than among the normal control patients
(25%).2 However, only 28 patients with ischemic heart disease
were surveyed for diverticular disease in this previous study.
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TABLE 2. Incidence and Hazard Ratio of Acute Coronary Syndrome in Patients With and Without Diverticular Disease

With Diverticular
Disease

Without Diverticular
Disease

Factor Event PY Rate
�

Event PY Rate
�

Crude HR (95% CI) P Adjusted HRy (95% CI) P

All 1053 231,310 45.5 2972 980,087 30.3 1.51 (1.40–1.62) <0.001 1.23 (1.14–1.32) <0.001
Sex

Female 402 100,347 40.1 1175 425,129 27.6 1.45 (1.30–1.63) <0.001 1.13 (1.01–1.27) 0.04
Male 651 130,962 49.7 1797 554,958 32.4 1.54 (1.41–1.68 <0.001 1.29 (1.17–1.42) <0.001

Age (year)
�49 161 107,822 14.9 260 430,068 6.05 2.47 (2.03–3.01) <0.001 1.75 (1.41–2.16) <0.001
50–64 231 56,448 40.9 584 240,276 24.3 1.69 (1.45–1.97) <0.001 1.23 (1.05–1.45) 0.01
�65 661 67,039 98.6 2128 309,744 68.7 1.45 (1.32–1.58) <0.001 1.11 (1.01–1.22) 0.03

Comorbidityz

No 333 149,643 22.3 1777 847,451 21.0 1.06 (0.94–1.19) 0.35 1.36 (1.21–1.53) <0.001
Yes 720 81,666 88.2 1195 132,637 90.1 0.98 (0.89–1.07) 0.59 1.12 (1.02–1.23) 0.02

CI¼ confidence interval, HR¼ hazard ratio, PY¼ person-years.�
Incidence rate, per 10,000 person-years.
y

ron
es,
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Another small matched case-control study analyzed the risk
factors for diverticular hemorrhage in Japan and demonstrated a
higher prevalence of ischemic heart disease in patients with
diverticular bleeding compared with that of control patients.3 In
addition to the small sample of 103 patients, the study from
Japan only included patients with diverticular bleeding. The real
prevalence of ischemic heart disease remains unknown in
patients with asymptomatic diverticulitis or diverticulosis with-
out inflammation in that study.

Recently, a large Danish study demonstrated that patients
with diverticular disease had an increased incidence rate ratio of
1.11 (95% CI, 1.07–1.14) for acute myocardial infarction when
compared with population cohort members. The incidence rate
ratios for venous thromboembolism and subarachnoid hemor-
rhage also increased in patients with diverticular disease.
Compared with the Danish study, our study showed a stronger
association between ACS and diverticular disease (adjusted HR,
1.23; 95% CI, 1.14–1.32). The prevalence of diverticular
disease differs among various regions, races, and ethnicities.18

The prevalence of diverticular disease in Asian populations is
�1% to 5%, which is much lower than that of Western

Adjusted for age, sex, and comorbidities.
z Including diabetes mellitus, hypertension, hyperlipidemia, stroke, ch

atrial fibrillation, cancer, liver cirrhosis, depression, autoimmune diseas
population (13.3%–52%).18 In addition to the lower prevalence
of diverticular disease in Asian populations compared with
Western populations, the clinical characteristics of diverticular

TABLE 3. Incidence and Hazard Ratio of Acute Coronary Syndro
Compared With Those Without Diverticular Disease

Variable Event PY Rate
�

Crude

Comparison (n¼ 210,724) 2972 980,087 30.3
Diverticular diseases

Diverticulosis (n¼ 16,466) 458 72,710 63.0 2.08
Diverticulitis (n¼ 36,215) 595 158,599 37.5 1.24

CI¼ confidence interval, HR¼ hazard ratio, PY¼ person-years.�
Incidence rate, per 10,000 person-years.
yAdjusted for age, sex, and comorbidities of diabetes mellitus, hypertensio

failure, chronic kidney disease, atrial fibrillation, cancer, liver cirrhosis, de

4 | www.md-journal.com
disease also vary between these populations. For example,
colonic diverticular disease occurs more frequently in the
right-side colon in Asian populations, whereas this disease is
more common in the left hemicolon in Western populations.19–

21 The closer link between diverticular disease and ACS shown
in our study compared with that shown in the Danish study may
have been caused by the variations in race, ethnicity, culture, or
dietary habits between the patients examined in both studies.

Diverticular disease consists of diverticulosis and diverti-
culitis. The majority of patients with diverticulosis remain
asymptomatic, but 10% to 25% of patients may experience
clinical symptoms of infection, obstruction, fistula formation,
bleeding, and perforation.24–26 Diverticulitis is the most com-
mon manifestation of diverticular disease. However, based on
our research, the association between diverticulitis and ACS has
not been evaluated. In the present study, we compared the risk
of developing ACS between patients with diverticulosis and
those with diverticulitis, observing a higher hazard of ACS in
patients with diverticulitis compared with those with diverti-
culosis, after adjusting for age, sex, and comorbidities (adjusted
HR, 1.25 vs 1.19).

ic obstructive pulmonary disease, heart failure, chronic kidney disease,
and alcoholism.
In this study, we found that patients with diverticular
disease were more likely to have comorbidities than those
without diverticular disease. Many comorbidities, such as

me in Patients With Different Entities of Diverticular Disease

HR (95% CI) P Value Adjusted HRy (95% CI) P

1.00 1.00

(1.88–2.29) <0.001 1.19 (1.07–1.32) <0.001
(1.14–1.36) <0.001 1.25 (1.15–1.37) <0.001

n, hyperlipidemia, stroke, chronic obstructive pulmonary disease, heart
pression, autoimmune diseases, and alcoholism.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Joint Effects for the Risk of Acute Coronary Syndrome in Patients With Diverticular Disease and the Associated Risk
Factors

Variable No. of Patients Event Rate
�

Adjusted HRy (95% CI) P

None 174,740 1777 21.0 1 (Reference)
Single factor

Diverticular disease 30,500 333 22.3 1.35 (1.20–1.52) <0.001
Diabetes mellitus 2899 123 99.4 2.84 (2.36–3.41) <0.001
Hypertension 6240 174 72.5 1.62 (1.38–1.90) <0.001
Hyperlipidemia 659 13 42.6 1.67 (0.97–2.88) 0.07
Heart failure 222 8 88.4 1.80 (0.90–3.61) 0.10
Chronic kidney disease 645 25 97.5 2.53 (1.71–3.76) <0.001
COPD 1203 37 74.5 1.31 (0.95–1.82) 0.10
Atrial fibrillation 177 4 54.4 1.24 (0.46–3.30) 0.67
Stroke 1289 41 73.9 1.59 (1.16–2.16) 0.004
Cancer 3619 46 33.2 0.97 (0.72–1.30) 0.82
Liver cirrhosis 367 5 37.9 1.10 (0.46–2.65) 0.83
Depression 454 2 12.8 0.69 (0.17–2.78) 0.61
Alcoholism 414 4 23.1 1.35 (0.50–3.59) 0.55
Autoimmune diseases 447 7 39.1 1.81 (0.86–3.80) 0.12

Multiple factors
Diverticulardisease with 1 comorbidity 11,043 275 61.1 1.97 (1.73–2.23) <0.001
Diverticulardisease with 2 comorbidities 6096 201 91.4 2.59 (2.23–3.00) <0.001
Diverticulardisease with 3 comorbidities 3026 145 154.3 3.95 (3.33–4.69) <0.001
Diverticulardisease with 4 comorbidities 1350 67 179.8 4.44 (3.48–5.68) <0.001
Diverticulardisease with �5 comorbidities 666 32 207.6 5.51 (3.88–7.84) <0.001

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease, HR¼ hazard ratio.
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diabetes mellitus, hypertension, and hyperlipidemia, are the
core components of metabolic syndrome.27–28 These comor-
bidities could increase the risk of cardiovascular disease. There-
fore, a positive correlation between diverticular disease and
ACS is reasonable. In our study, we observed that the risk of
developing ACS in patients with diverticular disease signifi-
cantly rose when the number of comorbidities increased. In
addition to the influence of diverticular disease, our study
demonstrates the joint effect of diverticular disease and comor-
bidity illnesses on the development of ACS.

The main strengths of this study were a large-scale nation-
wide sample and the collection of comprehensive demographic
information. However, our study still had limitations. First,
several risk factors for ACS, such as obesity, tobacco smoking,
and physical exercise habits, were not available in the NHIRD.
These factors could have biased the results of our study. Second,
diverticular disease may be an incidental finding in the routine
examination or screening of lower gastrointestinal endoscopy.
The number of patients with diverticular disease, particularly
asymptomatic diverticulosis, may thus have been underesti-
mated in our study. Third, we could not analyze manifestations
of diverticular disease, such as bleeding, perforation, obstruc-
tion, and fistula formation, because there are no specific diag-
nostic codes for these complications. Fourth, the inpatient data
set and registry of the beneciaries in the NHIRD do not include
information on medications. Some drugs, such as antiplatelet
medications, anticoagulants, and statins, could influence the
occurrence of ACS. Fifth, the diagnoses in our study were based

�
Incidence rate, per 10,000 person-years.
yMultivariable analysis after adjustment for age and sex.
on the ICD-9-CM codes in the NHIRD. The ICD-9-CM codes
may not be accurate; however, disease experts in the Bureau of
NHI regularly evaluate the accuracy of NHIRD claims les.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Inaccurate coding of diseases results in no reimbursement for
patients and fines for health care providers. Therefore, the
diagnostic codes in the NHIRD are highly accurate and several
studies have proven their accuracy.29–30 Sixth, this study was a
retrospective cohort study. Such an epidemiologic study lacks
biological plausibility and cannot determine the exact mech-
anism of the link between diverticular disease and ACS. Finally,
the correlational relationship between these diseases was
revealed. However, the causal relationship remains to be
unknown.

In conclusion, this large nationwide retrospective popu-
lation study revealed an association between diverticular dis-
ease and ACS, even after adjustment for demographics and
relevant comorbidities. These findings may indicate that diver-
ticular disease has implications for disorders beyond those of
the gastrointestinal tract. Further research is warranted to
determine the exact mechanism of the link between diverticular
disease and ACS.
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