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Abstract: Chronic inflammation may promote development of

coronary heart disease. Studies on the relationship between chronic

pancreatitis (CP) and cardiovascular diseases are scant.

We conducted a nationwide retrospective cohort study to determine

the risk of acute coronary syndrome (ACS) in patients with CP.

We randomly selected a comparison cohort of individuals without

CP from the Taiwan National Health Insurance Research Database

(N¼ 23.74 million) and frequency-matched them with patients with CP

from 2000 to 2010 in a 1:4 ratio according to age, sex, and index year.

The follow-up period lasted from the index date of the new CP diagnosis

to the date of ACS diagnosis, censoring, or the end of 2011. We

analyzed the risk of ACS by using Cox proportional-hazard models.

In total, 17,405 patients with CP and 69,620 individuals without CP

were followed for 84,430 and 417,426 person-years. Most patients with

CP were men, and the mean age of the patients was 48.3� 15.0 years.

The overall ACS incidence was 2.15-fold higher in the CP cohort than in

the non-CP cohort (4.89 vs 2.28 per 10,000 person-years) with an

adjusted hazard ratio (aHR) of 1.40 (95% confidence interval [CI] 1.20–

1.64). Compared with individuals without CP, patients with CP aged

�39 years exhibited the highest risk of ACS (aHR 2.14, 95% CI 1.13–

4.02), followed by those aged 40 to 54 years (aHR 1.66, 95% CI 1.23–

2.24) and those aged 55 to 69 years (aHR 1.53, 95% CI 1.15–2.03).
, and Wei-Sheng Chung, MD, PhD

Abbreviations: ACS = acute coronary syndrome, aHR = adjusted

hazard ratio, CI = confidence interval, CKD = chronic kidney

disease, COPD = chronic obstructive pulmonary disease, CP =

chronic pancreatitis, CVA = cerebrovascular accident, IL =

interleukin, NHI = National Health Insurance, NHIA = National

Health Insurance Administration, NHIRD = National Health

Insurance Research Database, NHRI = National Health Research

Institute, PSCs = pancreatic stellate cells, TNF-a = tumor necrosis

factor-alpha.

INTRODUCTION

C hronic pancreatitis (CP) is defined as chronic inflammation
and fibrosis of the pancreas, resulting in irreversible

morphological changes and functional abnormalities.1 The
worldwide increase in the prevalence of CP is attributable to
the increase in alcohol consumption and the increased avail-
ability of high-quality diagnostic modalities.2–5 Patients with
CP may experience unremitting abdominal pain, chronic diar-
rhea, maldigestion, glucose intolerance, and weight loss, all of
which substantially impair their quality of life.6 Moreover, CP
requires repeated medical interventions and hospitalization, and
increases the burden on medical resources.7–9

Heavy drinking increases the risk of high blood pressure,
heart failure, and stroke.10–12 Alcohol abuse is a prominent
cause of CP.2,13 Evidence reveals that mild-to-moderate alcohol
consumption exerts a protective effect against coronary heart
disease.14,15 However, chronic inflammation in CP can activate
immune cells to promote atherosclerotic lesions, subsequently
leading to acute coronary syndrome (ACS).16 Unstable angina
and myocardial infarction constitute ACS, causing a sudden
decrease in blood flow in the coronary arteries. ACS can cause
ventricular arrhythmia, cardiovascular collapse, and death
despite advanced treatment options. Although hypertension,
diabetes, and hyperlipidemia are well-established risk factors
for ACS, approximately half of the patients with ACS do not
exhibit these risk factors.17 Most studies on the CP focused on
treatment and the risk of pancreatic neoplasm.18–20 Data on
CS prevalence are scant. Therefore, we

conducted a nationwide longitudinal cohort study to evaluate
the incidence and risk of ACS in patients with CP.

METHODS

Data Source
In March 1995, the Ministry of Health and Welfare in

Taiwan integrated 13 health insurance agencies into a nation-
wide, universal National Health Insurance (NHI) program. The
er 99% of the 23.74 million residents of
i.gov.tw). The National Health Research
ntains the claims data of beneficiaries
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enrolled in the NHI program. The NHRI has established and
released the National Health Insurance Research Database
(NHIRD) annually to the public for research; all data related
to personal identification are encrypted by the National Health
Insurance Administration (NHIA) before release. In this study,
we used a subset of the NHIRD containing healthcare data, such
as inpatient claims and the registry of beneficiaries. All clinical
diagnoses were recorded using the ‘‘International Classification
of Diseases, Ninth Revision, Clinical Modification’’ (ICD-9-
CM) codes.21 The study was exempted from a full review by the
institutional research ethic committee (CMUH-104-REC2–
115). The reliability and validity of this NHIRD database have
been published.22,23

Study Design
The study design is a nationwide retrospective cohort

study.

Sampled Participants
From the inpatient claims, we selected all adult patients

with a first-time diagnosis of CP (ICD-9-CM 577.1) between
2000 and 2010 as the CP cohort. The date of CP diagnosis were
defined as the index date. The recurrence rate of ACS remains
high.24 Pancreatic cancer has a low survival rate in 1 year.25

Therefore, we excluded those with a history of ACS (ICD-9-CM
410, 411.1, and 411.8) or pancreatic cancer (ICD-9-CM 157) at
the baseline. We also excluded patients aged <20 years, those
with incomplete age or sex information. A non-CP comparison
cohort was randomly selected from the NHI comprising ben-
eficiaries aged �20 years and frequency-matched with the CP
cohort in a 4:1 ratio according to age (every 5 years), sex, and
the year of index date, with the same exclusion criteria as that of
the CP cohort.

Exposure Variables
In Taiwan, the diagnosis of CP is made by physicians based

on the clinical presentation and imaging studies, namely
contrast-enhanced computer tomography, ultrasonography,
magnetic resonance image, or endoscopic retrograde cholan-
giopancreatography.

Outcome and Comorbidities
The outcome of interest was new ACS diagnosis between

2000 and 2011. The baseline comorbidities were hypertension
(ICD-9-CM 401–405), diabetes (ICD-9-CM 250), hyperlipide-
mia (ICD-9-CM 272), cerebrovascular accident (CVA; ICD-9-
CM 430–438), atrial fibrillation (ICD-9-CM 427.31), heart
failure (ICD-9-CM 428), chronic obstructive pulmonary disease
(COPD; ICD-9-CM 491, 492, and 496), chronic kidney disease
(CKD; ICD-9-CM 580–589), and acute pancreatitis (ICD-9-
CM 577.0), all of which were identified from their diagnoses in
the hospitalization records before the index date.

Statistical Analysis
Demographic characteristics and the prevalence of comor-

bidities in the CP and non-CP cohorts were compared using a
chi-square test for categorical variables and a t test for con-
tinuous variables. The incidence densities of ACS were calcu-
lated according to sex, age, and the presence of comorbidities
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for each cohort. Univariable and multivariable Cox proportion-
hazard regression models were used to examine the effect of CP
on the risk of ACS and were expressed using hazard ratios (HRs)
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with a 95% confidence interval (CI). The multivariable model
was simultaneously adjusted for age, sex, and comorbidities of
hypertension, diabetes, hyperlipidemia, CVA, atrial fibrillation,
heart failure, COPD, CKD, and acute pancreatitis. Additional
data analysis was performed to evaluate the joint effect between
CP and the ACS-associated risk factors on ACS. The Kaplan–
Meier method was used for estimating the cumulative incidence
of ACS between the CP and non-CP cohorts, and the differences
were assessed using a log-rank test. All statistical analyses were
performed using SAS version 9.3 (SAS Institute, Inc., Cary,
NC). P< 0.05 was considered significant.

RESULTS
The average annual incidence rate of CP between 2000 and

2010 were 9.50 per 100,000 persons (data not shown). A flow
diagram of the study participants is depicted in Figure 1. We
identified 17,405 patients with CP and matched them with
69,620 participants without CP. The baseline characteristics
of patients in the 2 cohorts are presented in Table 1. Approxi-
mately 73.5% of patients were aged <54 years, and most
patients were men (82.8% vs 17.2%). The mean ages of the
participants were 48.3� 15.0 and 47.9� 15.3 years in the
CP and non-CP cohorts, respectively. Patients with CP had a
higher prevalence of comorbidities than those without CP (all
P< 0.001).

During the mean follow-up period of 4.85 and 6.00 years
for the CP and non-CP cohorts, respectively, the cumulative
incidence of ACS was significantly higher for patients in the CP
cohort than in the non-CP cohort (log-rank test P< 0.001;
Figure 2). The overall incidence of ACS was 2.15-fold higher
in the CP cohort than in the non-CP cohort (4.89 vs 2.28 per
10,000 person-years), with an adjusted HR (aHR) of 1.40 (95%
CI 1.20–1.64; Table 2). The incidence of ACS was 6.33 and
4.60 per 10,000 person-years for men and women, respectively,
in the CP cohort. The sex-specific relative risk of ACS was
significantly higher for men in the CP cohort than in the non-CP
cohort (aHR 1.44, 95% CI 1.21–1.72). Compared with indi-
viduals without CP, patients with CP aged �39 years exhibited
the highest risk of ACS (aHR 2.14, 95% CI 1.13–4.02),
followed by those aged 40 to 54 years (aHR 1.66, 95% CI
1.23–2.24) and those aged 55 to 69 years (aHR 1.53, 95% CI
1.15–2.03). The incidence of ACS was higher in patients with
comorbidities in both cohorts. In patients without comorbid-
ities, the risk of ACS was consistently higher in the CP cohort
than in the non-CP cohort (aHR 1.41, 95% CI 1.05–1.92).

Compared with individuals without CP and lacking comor-
bidities, those with only diabetes (aHR 3.31, 95% CI 2.42–4.54)
and those with only hypertension (aHR 2.12, 95% CI 1.62–
2.77) had a higher risk of ACS. Moreover, compared with
individuals without CP lacking comorbidities, patients with CP
with 5 or more comorbidities were at a significantly higher risk
of ACS (aHR 9.67, 95% CI 7.08–13.2), followed by those with
4 comorbidities (aHR 5.82, 95% CI 4.37–7.74), those with 3
comorbidities (aHR 4.47, 95% CI 3.57–5.61), those with 2
comorbidities (aHR 3.07, 95% CI 2.48–3.80), and those with 1
comorbidity (aHR 2.14, 95% CI 1.71–2.68; Table 3).

DISCUSSION
The current study demonstrated that the overall incidence

of ACS was 2.15-fold higher in the CP cohort than in the

Medicine � Volume 95, Number 20, May 2016
comparison cohort (4.89 vs 2.28 per 10,000 person-years).
Patients in the CP cohort exhibited a higher proportion of
comorbidities, except heart failure, than those in the comparison
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FIGURE 1. A flow diagram of the study participants.

TABLE 1. Comparison of Demographics and Comorbidity
Between Chronic Pancreatitis Patients and Controls

Chronic Pancreatitis

Yes (n¼ 17,405) No (n¼ 69,620)
n (%) n (%) P

Age, yrs 0.99
20–39 5924 (34.0) 23707 (34.1)
40–54 6867 (39.5) 27457 (39.4)
55–69 2560 (14.7) 10240 (14.7)
>69 2054 (11.8) 8216 (11.8)
Mean (SD)

�
48.3 (15.0) 47.9 (15.3) 0.004

Sex 0.99
Female 2987 (17.2) 11948 (17.2)
Male 14418 (82.8) 57672 (82.8)

Comorbidity
Hypertension 4464 (25.7) 4241 (6.09) <0.001
Diabetes 5634 (32.4) 2495 (3.58) <0.001
Hyperlipidemia 4266 (24.5) 1179 (1.69) <0.001
CVA 1095 (6.29) 1939 (2.79) <0.001
Atrial fibrillation 249 (1.43) 335 (0.48) <0.001
Heart failure 543 (0.78) 499 (2.87) 0.58
COPD 995 (5.72) 1046 (1.50) <0.001
CKD 1669 (9.59) 876 (1.26) <0.001
Acute pancreatitis 9679 (55.6) 343 (0.49) <0.001

Chi-square test examined categorical data.
CKD¼ chronic kidney disease, COPD¼ chronic obstructive pul-

monary disease, CVA¼ cerebrovascular accident, SD¼ standard
deviation.�

T test examined continuous.
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cohort did. After adjustment for covariates, patients with CP
were at a 1.40-fold increased risk of ACS (aHR 1.40, 95% CI
1.20–1.64) compared with those without CP.

Endothelium is considered a regulator for blood flow and
vascular homeostasis. Inflammation may cause endothelial

dysfunction, which contributes to the initiation and progression
of atherosclerotic diseases.26–28 Infiltration of macrophages and
T lymphocytes in the pancreas has been established in CP.29–31

FIGURE 2. Cummulative incidence of ACS in patients with
chronic pancreatitis and comparison patients. ACS¼ acute cor-
onary syndrome.
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TABLE 2. Comparison of Incidence and Adjusted Hazard Ratio of ACS by Sex, Age and Comorbidity Between Chronic Pancreatitis
Patients and Controls

Chronic Pancreatitis Compared With Control

Yes No

Variables Events PY Ratey Events PY Ratey Crude HRz (95% CI) Adjusted HR§ (95% CI)

All 413 84,430 4.89 951 417,426 2.28 2.15 (1.92, 2.42)
���

1.40 (1.20, 1.64)
���

Sex
Female 91 14,369 6.33 192 71,379 2.69 2.33 (1.81, 2.99)

���
1.30 (0.94, 1.79)

Male 322 70,061 4.60 759 346,048 2.19 2.11 (1.85, 2.41)
���

1.44 (1.21, 1.72)
���

Age, yrs
�39 50 32,334 1.55 61 149,004 0.41 3.88 (2.67, 5.64)

���
2.14 (1.13, 4.02)

�

40–54 156 33,537 4.65 241 168,246 1.43 3.30 (2.70, 4.04)
���

1.66 (1.23, 2.24)
��

55–69 114 11,274 10.1 255 60,210 4.24 2.43 (1.95, 3.03)
���

1.53 (1.15, 2.03)
��

>69 93 7285 12.8 394 39,967 9.86 1.29 (1.03, 1.62)
�

0.95 (0.73, 1.24)
Comorbidityjj

No 45 19,215 2.34 602 383,990 1.57 1.50 (1.11, 2.03)
��

1.41 (1.05, 1.92)
�

Yes 368 65,215 5.64 349 33,436 10.4 0.54 (0.47,0.63)
���

1.04 (0.89, 1.23)

CI¼ confidence interval, HR¼ hazard ratio, PY¼ person-years.
yRate, incidence rate, per 10,000 person-years.
zCrude HR: relative hazard ratio.
§Adjusted HR: adjusted hazard ratio controlling for age, sex, and comorbidities of hypertension, diabetes, hyperlipidemia, CVA, atrial fibrillation,

heart failure, COPD, CKD, and acute pancreatitis.
jjComorbidity: Patients with any one of the comorbidities hypertension, diabetes, hyperlipidemia, CVA, atrial fibrillation, heart failure, COPD,

CKD, and acute pancreatitis were classified as the comorbidity group.�
P< 0.05.��
P< 0.01.���
P< 0.001.

TABLE 3. Joint Effects for ACS Between Chronic Pancreatitis and ACS-associated Risk Factors

Variables n Number of Events Ratey Adjusted HRz 95% CI

None 62,464 602 1.57 1 (Reference)
Only chronic pancreatitis 3610 45 2.34 1.42 (1.05, 1.92)

�

Only hypertension 1437 62 8.55 2.12 (1.62, 2.77)
���

Only diabetes 797 42 10.2 3.31 (2.42, 4.54)
���

Only hyperlipidemia 265 4 2.67 1.23 (0.46, 3.27)
Only CVA 362 8 4.41 1.09 (0.54, 2.20)
Only atrial fibrillation 58 1 3.82 1.14 (0.16, 8.10)
Only heart failure 194 4 4.36 1.32 (0.49, 3.53)
Only COPD 317 12 7.66 1.47 (0.83, 2.62)
Only CKD 46 2 9.47 2.45 (0.61, 9.81)
Only acute pancreatitis 150 1 1.27 0.71 (0.10, 5.02)
Chronic pancreatitis with any 1 comorbidity 5482 87 3.18 2.14 (1.71, 2.68)

���

Chronic pancreatitis with any 2 comorbidity 4157 99 4.95 3.07 (2.48, 3.80)
���

Chronic pancreatitis with any 3 comorbidity 2548 86 7.33 4.47 (3.57, 5.61)
���

Chronic pancreatitis with any 4 comorbidity 1115 52 11.7 5.82 (4.37, 7.74)
���

Chronic pancreatitis with 5 or more comorbidity 493 44 26.8 9.67 (7.08, 13.2)
���

ACS¼ acute coronary syndrome, CI¼ confidence interval, CKD¼ chronic kidney disease, COPD¼ chronic obstructive pulmonary disease,
CVA¼ cerebrovascular accident, HR¼ hazard ratio.
yRate, per 1000 person-years.
zAdjusted HR: multivariable analysis including age, and sex.�
P< 0.05.��
P< 0.01.���
P< 0.001.
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Christian Hospital. The funder had no role in study design, data
These inflammatory cells once enhance inflammation and tend
to precipitate unstable or ruptured atherosclerotic plaques in the
coronary arteries.32 In addition, the macrophages may produce
prothrombotic and procoagulant factors enhancing thrombus
formation at the site of plaque rupture.16

The activated pancreatic stellate cells (PSCs) induce fibro-
sis in CP.33 Several inflammatory cytokines, namely tumor
necrosis factor-alpha (TNF-a), interleukin (IL)-1, and IL-6, can
activate the PSCs. IL-6 presents at the atherosclerotic plaques
and may enhance plaque instability.34 Secretion of TNF-a, a
proinflammatory cytokine, is high in patients with acute myo-
cardial ischemia and recurrent myocardial infarction, and may
result in cardiac death.35

Most patients with CP in the current study were men, and
their mean age was 48.3� 15.0 years. The findings of this study
are consistent with those of previous reports.36 Although the
incidence of ACS was higher in patients with CP than in those
without CP for both sexes, men with CP were at a significantly
higher risk of ACS than those without CP (aHR 1.44, 95% CI
1.21–1.72). Patients with CP aged �69 years were at a sig-
nificantly increased risk of subsequent ACS compared with
their counterparts without CP. Studies have reported that proin-
flammatory cytokines and coagulation factor production
increase with age and cause frailty.37,38 Moreover, the preva-
lence of comorbidities is high in older adults, which may dilute
the effect of CP.39 Therefore, clinicians should proactively
examine men and adults aged �69 years with CP to prevent
ACS.

Our study has several strengths. We determined that
patients with CP are at an increased risk of subsequent ACS
by using a nationwide epidemiologic design. We enrolled a
large sample. Moreover, the NHI is mandatory in Taiwan, and
the NHI beneficiaries are assigned unique personal identifi-
cation numbers, enabling researchers to trace them throughout
the follow-up period. Thus, our findings can be generalized to
the entire population of Taiwan.

Several limitations must be considered while interpreting
these findings. First, the NHIRD does not provide detailed
personal information, such as smoking habits, body mass index,
and physical activity levels, all of which are potential con-
founding factors in this study. Hypertension, COPD, and CVA
are well-established comorbidities related to tobacco smoking
and obesity.40–43 We adjusted the model for hypertension,
COPD, and CVA to mediate the influence of smoking and
obesity. Second, the lack of drug-treatment data, for example,
those on statin therapy and using anticoagulants and antiplatelet
drugs, is another limitation of this study. Finally, the potential
misclassification bias of interest outcomes may exist in the
healthcare claims data; however, the auditing mechanism of the
NHIA can facilitate minimizing diagnostic uncertainty and
misclassification. Although our meticulous study design adjusts
for confounders, a key limitation of this study lies the potential
for bias caused by possible unmeasured or unknown
confounders.

In conclusion, this nationwide cohort study of 17,405
patients with CP, with 85,000 person-years of follow-up,
demonstrated that patients with CP are at a 1.40-fold increased
risk of ACS compared with the general population. Men with
CP were at a 1.44-fold higher risk of ACS than those without
CP. Patients with CP aged �69 years were at a significantly
increased risk of subsequent ACS compared with their counter-

Medicine � Volume 95, Number 20, May 2016
parts without CP. Clinicians should be aware of ACS risks in
patients with CP and provide appropriate cardiovascular care in
addition to CP treatment. However, future prospective studies

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
are warranted to affirm the findings because of the retrospective
observational design employed in this study.
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