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To date, no definitive treatment has been developed for inflammatory

bowel disease (IBD). Patients with IBD face a lifelong

threat of inflammation and the associated consequences. The

incidence and prevalence of IBD vary substantially among countries

and regions. The IBD incidence rate in traditionally highincidence

areas, such as western countries, has been relatively

stable.1,2 By contrast, the disease has become more common in

those regions with traditionally low-incidence, such as Asian

countries.3–5 The increased IBD incidence rate might reflect differences

in the distribution or magnitude associated with genetic

or lifestyle factors,5–7 which suggests possible alterations in disease

courses and associated complications.

Patients with IBD are more vulnerable to vascular

complications.7 Patients with IBD are at considerably increased

risk of venothromboembolism. Conversely, it remains debatable

whether the risk of arterial occlusive diseases, such as

acute coronary syndrome (ACS), is also elevated in patients

with IBD. Numerous previous studies have suggested that

a strong association exists between IBD and arterial thromboembolic

events.8–10 By contrast, some studies have suggested

that IBD is not associated with an increased risk of myocardial

infarction.11,12

In addition, little is known about the regional differences in

the long-term risk of cardiovascular events in patients with IBD.

According to a thorough review of relevant studies, there has not been any report on the risks of ACS events in Asian patients

suffering from IBD. Therefore, we conducted a retrospective

cohort study to determine whether IBD is associated with an

increased risk of ACS in Asian populations by analyzing data

from Taiwan’s National Health Insurance Research Database

(NHIRD).

MATERIALS AND METHODS

Data Sources

The NHIRD has been described in detail in previous

studies.13,14 In brief, the database contains registration files, and

reimbursement claims data from the Taiwan National Health

Insurance program and is maintained by the National Health

Research Institutes.15 The NHIRD comprises comprehensive

information including demographic data, date of visit or hospitalization,

expenditure amounts, operations and examinations,

details of prescriptions, and diagnostic codes. We used 2 sets

of NHIRD data for this study: (1) the registry of beneficiaries

and (2) inpatients claims. To protect patient privacy, the

National Health Research Institutes encrypts all personal identification

numbers into unique numbers before releasing the data

files to users. The International Classification of Diseases, Ninth

Revision (ICD-9), was used to define diseases. This study was

approved by the Ethics Review Committee at China Medical

University and Hospital (CMU-REC-101-012).

Study Patients

This study identified adults with newly diagnosed IBDs,

including ulcerative colitis (ICD-9, code 556) and Crohn’s disease

(ICD-9 codes, 555.0, 555.1, 555.2, and 555.9), from the inpatients

claims during the period of 1998–2010 as the IBD cohort. Diagnoses

with abdominal pain, obvious infection signs, bleeding, intestinal

obstruction, or malnutrition were also common in these patients.

The date of the first admission for IBD was used as the index date.

We excluded patients diagnosed with ACS (ICD-9 codes, 410,

411.1, and 411.8), including acute myocardial infarction and unstable

angina, at the baseline. Patients younger than 20 years and those

without information on age and sex were also excluded. The controls

were randomly selected from all whole insured population

including outpatients and inpatients; we used the same exclusion

criteria, and the control patients were frequency-matched with the

patients with IBD at a 4:1 ratio for age (every 5-year span), sex, and

the year when IBD was diagnosed.

Outcome Measurement and Comorbidities

All study patients were followed until they were diagnosed

with ACS, which was identified based on the hospitalization

records. The follow-up period was the period from the index date

to the date of ACS diagnosis, withdrawal from the insurance

system, death, or the end of 2010.

The baseline comorbidity histories of hypertension (ICD-9

codes, 401–405), diabetes (ICD-9 code, 250), hyperlipidemia

(ICD-9 code, 272), chronic obstructive pulmonary disease (ICD-9

codes, 490–496), and heart failure (ICD-9 code, 428) were identified

according to their diagnoses in the hospitalization records data

before the index date.

Statistical Analysis

We used the x2 test to determine the differences in categorical

demographic variables and comorbidities between the IBD

cohort and non-IBD cohort, and used Student’s t test to examine

the mean ages between both cohorts. The ACS-free rates were

estimated for both cohorts by using the Kaplan–Meier analysis

and the log-rank test.

The overall age- and sex-specific incidence rates (per 1000

person-years) were calculated for each cohort. The IBD-to-non-IBD

cohort incidence rate ratio for ACS and the 95% confidence

intervals (CI) for each variable were calculated using Poisson

regression analysis. A multivariate Cox proportional hazard

regression analysis was performed to estimate the adjusted hazard

ratios (HRs) and 95% CIs of ACS development for IBD cohort

adjusted for age, sex, and comorbidities compared with the non-

IBD cohort. We used the SAS software (version 9.2 for Windows;

SAS Institute Inc, Cary, NC) for all data analyses. The Kaplan–

Meier curves were plotted using R software (version 2.14.1;

R Development Core Team, Vienna, Austria). A P value of

,0.05 was considered statistically significant.

RESULTS

This study consisted of 11,822 patients with IBD and 47,288

patients without IBD. Table 1 shows the characteristics of study

patients between the 2 cohorts. The mean follow-up periods were

6.37 6 3.76 years in the IBD cohort and 7.18 6 3.41 in the non-

IBD cohort (P , 0.0001). Compared with the non-IBD cohort,

comorbidities at the baseline were more prevalent in the IBD cohort

(P , 0.0001). The Kaplan–Meier graph shows that the cumulative

incidence of ACS was 2.4% greater for the IBD cohort than for the

non-IBD cohort (the log-rank test P , 0.0001) (Fig. 1).

The overall incidence density rate of ACS was 1.87-fold

greater in the IBD cohort than in the non-IBD cohort (25.5

versus 14.3 per 1000 person-years), with an adjusted HR of

1.73 (95% CIs, 1.54–1.94) after controlling for age, sex, and

comorbidities including hypertension, diabetes, hyperlipidemia,

chronic obstructive pulmonary disease, and heart failure

(Table 2). The ACS incidence rate was greater in men than in

women in both cohorts. However, the adjusted HR of ACS for

the IBD cohort compared with the non-IBD cohort was greater

for women than for men. The ACS incidence increased with age

in both cohorts, but the age-specific IBD to non-IBD relative

risk was the greatest for the youngest group (incidence rate

ratio, 3.80; 95% CI, 3.42–4.23). The corresponding adjusted

HR reduced to 1.70 (95% CI, 1.46–2.00) for the oldest group,

although they exhibited the highest incidence.

Table 3 shows the risk of ACS by annual mean admission

visits for patients with IBD compared with non-IBD patients,

measured using the Cox model. The adjusted HR of ACS increased to 1.26 (95% CI, 1.10–1.44) for patients with IBD with

1 hospitalization per year and to 19.8 (95% CI, 16.1–24.4) for

those who required hospitalization twice or more per year (P for

trend ,0.0001).

Table 4 illustrates the relative risks and hazards of ACS

associated with ulcerative colitis and Crohn’s disease in patients

with IBD. Patients with ulcerative colitis were 1.63 times more

likely to develop ACS than the non-IBD patients were, with an

adjusted HR of 1.31 (95% CI, 1.11–1.55). The adjusted HR was

higher for patients with Crohn’s disease (1.82; 95% CI, 1.59–2.08).

DISCUSSION

This study is the first to address the long-term risk of ACS

in Asian patients with IBD. This population-based cohort study

demonstrates that the patients with IBD have an adjusted HR of

1.53 for ACS, after accounting for mortality as the competing

cause of risk and adjusting for multiple known confounding

factors. The IBD cohort had a shorter follow-up period than the

non-IBD cohort, and therefore had less time to accrue ACS

events. This potential bias may therefore underestimate the

excessive ACS risk in the IBD cohort. Meta-analyses have shown

that the risks of ischemic heart disease are particularly elevated in

women and the young population,16 which was also observed in

this study (Table 2). We also observed that IBD severity is significantly

associated with the risk of ACS, using the frequency of

hospitalization as a surrogate index of IBD activity (Table 3).

Excessive ACS risks in patients with IBD indicate a crucial concern

that could be neglected in managing patients with IBD.

Additional clinical and basic studies investigating the underlying

pathophysiological association between ACS and IBD are warranted.

Furthermore, preemptive screening and treatment may be

required to reduce subsequent ACS in this group of patients,

particularly in women, young patients, and those with severe IBD.

The exact mechanisms predisposing patients with IBD to ACS

are multifactorial. Long-lasting inflammation is known to predispose

vascular endothelial dysfunction and atherosclerosis. Several studies

have suggested that inflammation involves the pathogenesis of

atherosclerotic coronary artery disease.17–20 Our data also indicated

that the risk of ACS was proportional to the disease severity of IBD.

Among patients who had 2 or more hospitalizations, the risk of ACS

was nearly 20-fold that of patients with 1 hospitalization per year.

Therefore, we should be more cautious regarding ACS development

in patients with IBD requiring frequent hospitalization, which might

be due to flares and persistent disease activity.

Abnormal lipid metabolism might also contribute to ACS

development in patients with IBD. Several studies have suggested that

patients with IBD tend to exhibit lipid profile derangement, which

promotes atherosclerosis.21–23 Our data also demonstrated that the

incidence of hyperlipidemia is almost 3 times more likely in patients

with IBD than in the control group (6.24% versus 1.83%, P ,

0.0001). However, it remains uncertain whether the activity of IBD

influences the lipid profile, the mechanism (malnutrition, intestinal

malabsorption, or systemic inflammation), or the precise pattern of

the dyslipidemia. Recently, increasing numbers of studies have begun

to examine the association between dietary fat and IBD. A high intake

of transunsaturated fats may be associated with an increased risk of

ulcerative colitis.24 Overall, these studies suggest an association

between IBD and abnormal lipid profiles that warrants further study. Patients with IBD also experience abnormality in the

coagulation system.25 Hypercoagulability in IBD involves platelet

activation,26 altered coagulation,27 and impaired fibrinolysis.23,28 It

is unclear whether the altered coagulation system contributes to

the increased risk of ACS for patients with IBD. This association

warrants further investigation.

The patients with IBD in this study were more likely to

exhibit traditional risk factors for ACS than their comparisons,

including hypertension, diabetes, and dyslipidemia. Our study

findings support a previous Danish population study, which

revealed that patients with IBD are at elevated risks of deaths

from myocardial infarction, stroke, and cardiovascular disorders.

29 Conversely, studies have demonstrated that the traditional

cardiovascular risk factors are less prevalent in patients

with IBD.10,30 A longitudinal study conducted in the United

States with 356 patients with IBD and 712 matched control

patients revealed an adjusted HR of 4.08 for developing coronary

artery disease between the 2 cohorts.10 Differences in

demographic status, lifestyle, and psychometric properties might

explain the underlying discrepancy observed among these studies.

31 Further studies should be conducted to investigate

this issue.

This study had some limitations. First, the insurance data

set does not provide detailed information on smoking habits,

alcohol consumption, physical activity, economic status, and

family history of coronary artery disease, which are all potentially

confounding factors relevant to this study; lack of information

regarding lifestyle could bias the results. Second, unlike prospective

studies, a retrospective cohort study design is subject to

biases related to confounder adjustments. Despite using a carefully

designed study with adequate controls, bias might have remained

because of unmeasured or unknown confounders. Studies using

animal models may be feasible to further examine the mechanisms

underlying the ACS risk associated with IBD. Third, we

were unable to validate the diagnoses of IBD and ACS through

chart review. Theoretically, the diagnoses of IBD and ACS were

accurate because this study only included hospitalized patients

whose diagnoses were strictly audited for the purpose of

reimbursement. Fourth, our study patients were identified in the

database, based on an initial inpatient admission. The controls

were randomly selected from all whole insured population

including outpatients and inpatients, which can lead to potential

selection bias toward the population with more active diseases or

greater access to hospital care. For example, it is possible that

patients with mild IBD symptoms and patients who lack access to

hospital care might have been overlooked in this study. Although

these scenarios might under- or overestimate the relationship

between IBD and ACS risk, they should not seriously bias the

study results based on the universal health insurance data.

In summary, we observed that Asian patients with previous

hospital admissions for IBD have an increased risk for

ACS. Based on our findings, further study of the rates of ACS

with more effective treatment in the patients with IBD is

warranted.
