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Introduction

Inflammatory bowel disease (IBD) is a group of inflammatory situations

of the colon and small intestine. Crohn’s disease (CD) and ulcerative

colitis (UC) are 2 types of idiopathic IBD that present chronic relapsing

and progressive inflammation that may affect the entire gastrointestinal

tract and the colonic mucosa, respectively [1]. The clinical presentation

of IBD includes bloody diarrhea, passage of pus ormucus, and abdominal

cramping pain [2]. Additionally, multiple organ systems can be affected

in IBD. The most common extraintestinal manifestations are musculoskeletal

and dermatological systems. Other manifestations have been

reported to include the hepatobiliary systemand ocular, renal, and pulmonary

systems [3–5]. Thromboembolic complications may develop,

but are easily overlooked in IBD patients [6]. Deep vein thrombosis (DVT) is the formation of blood clots in one or

more of the deep veins, possibly causing a blood clot to break loose,

travel through the bloodstream, and lodge in the lungs. Pulmonary

thromboembolism (PE) is a potentially life-threatening disorder involving

embolic or thrombotic occlusion of the pulmonary arterial system.

Combined DVT and PE constitute venous thromboembolism (VTE), a

catastrophic disease with a 30-day case fatality rate of 11%–30% [7,8].

Multiple acquired and genetic factors are associated with VTE. Traditional

risk factors include pregnancy, oral contraceptives, hormone replacement

therapy, immobilization, trauma, and specific genetic factors. Studies

have indicated that atrial fibrillation and cerebrovascular disease (CVA)

are risk factors of VTE [9,10]. Diabetes, congestive heart failure, leg fractures,

and major surgery have also been reported to be associated with

an increased risk of VTE [11–14]. Numerous cancers have also been

shown to correlate with VTE [15,16].

The IBD related with chronic inflammationmay also increase the risk

of DVT and PE. Epidemiological studies regarding the relationship between

IBD and the development of DVT and PE are scarce, particularly

among Asian patients with IBD. We conducted a longitudinal nationwide

cohort study in Taiwan to investigate whether IBD increases the risks of

developing DVT and PE.

Methods

Data Source

Taiwan developed a unique health insurance system based on a

single-payer government-run National Health Insurance (NHI) Program

in March 1995. By 2009, the NHI provided coverage for more than 99%

of the Taiwan population (23.74million people) [17]. The large computerized

databases that became the National Health Insurance Research

Database (NHIRD) derived from the program by the Bureau of National

Health Insurance (BNHI) and maintained by the National Health

Research Institute (NHRI). These databases are used for administrative

use and research. The NHIRD consists of numerous registration data,

and details have been published in previous studies [18,19]. Diagnoses

were coded with the International Codes of Disease 9th Edition Clinical

Modification (ICD-9-CM). We confirm that all data were de-identified

and analyzed anonymously. This studywas approved by the Institutional

Review Board of China Medical University (CMU-REC-101-012).

Sampled Participants

Participants who had an inflammatory bowel disease (IBD) (ICD-9

code 555-556) (the first hospitalization for IBD) from 2000 to 2010

were selected as the IBD cohort. The date of the first hospitalization for

IBD was identified as the index date. Patients with a history of DVT

(ICD-9-CM 453.8) or PE (ICD-9-CM 415.1, excluding ICD-9-CM 415.11)

before the index date, with incomplete age or sex information were

excluded. Four controls for each IBD case were randomly selected from

all NHI beneficiaries without IBD, and the same exclusion criteria were

used in selecting the IBD cohort. The non-IBD cohort was frequencymatched

with the IBD patients by age (each 5-y span), sex, and the

year of hospitalization. The definition of inflammatory bowel disease

includes UC and CD.

UC is a clinical diagnosis, confirmed by objective findings fromendoscopic

and histological studies. Noninflammatory bowel diseases of

colitis must be excluded. The CD diagnosis is made based on history

and physical examination, supplemented with objective findings from

endoscopic, radiological, laboratory, and histological studies, although

no definitive diagnostic test exists for CD [2].

Main Outcome and Comorbidities

The main outcome was based on the hospitalization records of DVT

and PE diagnoses during the follow-up. Participantswere followed from

the index date to the date of DVT or PE diagnosis, the date ofwithdrawing

from the insurance, censored because of death, or the database end date

(December 31, 2011).

The baseline comorbid diseases including atrial fibrillation (ICD-9

code 427.31), hypertension (ICD-9 codes 401-405), diabetes (ICD-9

code 250), cerebral vascular disease (CVA) (ICD-9 codes 430-438),

heart failure (ICD-9 code 428), all cancers (ICD-9 codes 140-208), and

pregnancy (ICD-9 codes 640.x1-676.x1, 640.x2-676.x2, 650-659 and

procedure codes 72-74) were identified according to their diagnoses

in the hospitalization records data prior to the index date. Lower leg

fracture or surgery (ICD-9 codes 820–823 and procedure codes 81.51,

81.52, 81.53, and 81.54) at baseline was also obtained.

Statistical Analysis

Demographic characteristics and comorbidities between the IBD

cohort and the non-IBD cohort were compared by the chi-square test.

Student’s t-test was used to examine the mean ages between both cohorts.

We computed the incidence (per 10 000 person-y) by dividing

the number of DVT or PE events with person-years of exposure to

each cohort.

The overall, sex-, age-, and comorbidity-specific incidence rates (per

10 000 person-y) were calculated for each cohort. We assessed the cumulative

incidence curves of DVT or PE using the Kaplan-Meier method

between the IBD cohort and the non-IBD cohort, and estimated their

differences using the log-rank test. Univariable and multivariable Cox

proportional hazard regression analysis was performed to estimate

the hazard ratios (HRs) and 95% confidence intervals (CIs) of DVT and

PE development for the IBD cohort, compared with the non-IBD cohort.

The multivariable models were simultaneously adjusted for age, sex,

and comorbidities of atrial fibrillation, hypertension, diabetes, CVA,

heart failure, all cancers, pregnancy, and lower leg fracture or surgery.

All analyses were conducted with SAS statistical software (version 9.2

for Windows; SAS Institute, Inc., Cary, NC, USA). All statistical tests

were performed at the two-tailed significance level of 0.05.

Results

Table 1 shows the baseline characteristics of participants with IBD,

compared with those with non-IBD. This study consisted of 11 445 patients

with IBD and 45 780 patients without IBD. The IBD cohort and

non-IBD cohort showed no significant differences based on sex and

age distributions. The mean ages were 53.5 ± 19.5 years in the IBD

cohort and 53.0 ± 19.5 years in the non-IBD cohort (P = .008). Both

cohorts included more men than women (54.4% vs 45.6%). The IBD

patients had a higher prevalence of comorbidities in atrial fibrillation,

hypertension, diabetes, CVA, heart failure, cancer, pregnancy, and

lower leg fracture or surgery (P b 0.001).

During the 65 256 and 293 377 person-years follow-up, the overall

incidence density of DVT was 2.17-fold significantly higher in IBD patients

than in the non-IBD cohort (9.81 vs 4.50 per 10 000 person-y),

with an adjusted HR=1.98 (95% CI=1.45–2.70) (Table 2). The overall

incidence density of PE was also significantly higher in the IBD patients

than in the comparison cohort (3.98 vs 2.15 per 10 000 person-y), with an

adjusted HR of 1.80 (95% CI = 1.11–2.90) after controlling for age, sex,

and comorbidities, including atrial fibrillation, hypertension, diabetes,

CVA, heart failure, cancer, pregnancy, and lower leg fracture or surgery.

The sex-specific IBD cohort to the non-IBD cohort adjusted HR of

DVT were significant for both women (adjusted HR = 1.80, 95%

CI = 1.18–2.78) and men (adjusted HR = 2.21, 95% CI = 1.40–3.50).

The PE incidence rate was greater in women than in men for both

cohorts. The adjusted HR of PE was 2.08 (95% CI = 1.14–3.80) for

women. The age-specific incidence of DVT increased with age in

both cohorts. However, the age-specific IBD patients to the non-IBD

cohort crude HR was the highest for those ≤54 years of age (crude

HR = 5.49, 95% CI = 2.81–10.7), with an adjusted HR of 4.45 (95% CI=2.22–8.93). The IBD patients exhibited a higher risk of DVT than

the comparison cohort for those participants without comorbidities

(adjusted HR = 2.75, 95% CI = 1.75–4.32).

Table 3 lists the risk of DVT and PE according to annual mean hospitalizations

for IBD patients, compared with non-IBD participants, measured

with the Cox model. The adjusted HR of DVT increased to 1.12

(95% CI = 0.76–1.64) for IBD patients with one hospitalization, and to

32.9 (95% CI = 20.5–52.8) for those with 2 or more hospitalizations

(P for trend b.0001). The overall risk of PE increased according to the

frequency of hospitalization and increased from 1.23 to 24.2 (P for

trend b.0001).

Fig. 1 illustrates the cumulative incidence of DVT and PE comparing

the IBD cohort and the non-IBD cohort. The incidence of DVT (1A,

log-rank P b .001) and PE (1B, log-rank P b .001) were significantly

higher for patients in the IBD cohort than for participants without IBD.

Discussion

This is the first study to explore whether the increased risks of DVT

and PE development exist among IBD patients in an Asian population

using an epidemiological method. The nationwide population-based

cohort study determined that IBD patients exhibited a 1.98-fold (adjusted

HR = 1.98, 95% CI = 1.45 - 2.70) greater risk of developing DVT and a 1.80-fold greater risk of developing PE (adjusted HR = 1.80, 95%

CI = 1.11 - 2.90) (Table 2) than did the general population after

adjusting for age, sex, and comorbidities.Moreover, our study indicated

that the incidence of DVTwas 9.81 per 10 000 person-years, and the incidence

of PE was 3.98 per 10 000 person-years among IBD patients in

Taiwan. Bernstein et al estimated the incidence of DVT and PE among

patients with IBD in Canada and reported that the incidence of DVT

was 30.7 per 10 000 person-years, and the incidence of PE was 14.9

per 10 000 person-years [20]. The differences of the incidence of DVT

and PE for IBD patients between Taiwan and in Canada may be related

to racial differences and diverse dietary habits [21,22].

Although IBD patients exhibited a significantly greater proportion of

comorbidities than did the general population, IBD still remained an

independent risk factor of developing DVT and PE after controlling for

potential covariates. Moreover, the risks of developing DVT and PE

were significantly greater for those IBD patients hospitalized more

than twice a year than for the comparison cohort. This indicated that

severe IBD patients, including active diseases and frequent remission,

exhibited higher risks of developing DVT and PE, which is consistent

with a previous study [23].

The basic mechanisms of thromboembolism include hypercoagulability,

stasis, and endothelial dysfunction as Virchow’s triad. UC and

CD manifest localized and systemic inflammation, which can activate

the coagulation cascade [24]. Activated components of the clotting

cascade such as thrombin–antithrombin complexes, prothrombin fragments,

and D-dimers have been found to be elevated in IBD patients

[25]. Proinflammatory cytokines have been reported to stimulate coagulation

and depressed fibrinolysis [26,27]. Clinical and experimental

data also support the link between inflammation and endothelial dysfunction

[28].

The incidence of DVT and PE was higher for women than for men in

both cohorts, a finding that is consistent with a previous study [20].

After adjusting for covariates, women with IBD exhibited significantly

increased risk of developing DVT and PE compared with that of the

comparison cohort. Men with IBD displayed significantly greater risk

of developing DVT than did the comparison cohort. The incidence of

DVT and PE increased with age in both cohorts, which may be related

to endothelial dysfunction and frailty [29].

The strength of our findings is the nationwide, population-based

longitudinal study design on the risk of DVT and PE in Asian IBD

patients. Because each resident in Taiwan is assigned a unique personal

identification number, each study participant can be traced through NHI

records for the entire follow-up period. Thus, our findings can be generalized

to the entire population of Taiwan.

However, several limitations of our study should be considered

when interpreting the findings. A greater proportion of IBD patients

were hospitalized than the comparison cohort, which might have

resulted in an overestimate of the risks of DVT and PE. Ramagopalan

et al suggested that people admitted to hospitals for autoimmune

disorders may be at increased risk of subsequent VTE [30]. However,

our comparison cohort also comprised inpatients, which may have

mediated the potential for overestimating the risk, because VTE is a

common complication during and after hospitalization for acute

medical illness or surgery [7]. Although the healthcare claims data

may contain potential misclassification bias of primary outcomes, the

auditing mechanism by the BNHI can help minimize diagnostic uncertainty

and misclassification [31,32]. The lack of drug data, such as that

for hormone replacement therapy, the use of contraceptive drugs,

glucocorticosteroid treatments, anticoagulants, and IBD medications

may also have influenced the primary outcomes in our study. In addition,

we still do not have national guidelines for VTE prophylaxis.

In conclusion, our nationwide, population-based cohort study examining

11 445 IBD patients with a follow-up period of approximately

65 000 person-years determined that IBD patients are at a 1.98-fold

increased risk of developing DVT and a 1.80-fold increased risk of developing

PE, compared with such risks in the general population. These

findings highlight the importance of a multidisciplinary approach to

managing the potential risk factors of developing DVT and PE among

IBD patients. Future studies on the biological mechanisms of IBD and

their effect on DVT and PE are warranted.
