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1. Introduction

Rheumatoid arthritis (RA) is a disease involving chronic and abnormal

inflammatory reaction of the immune system against body tissues,

leading to joint destruction and physical disability. RA imposes substantial

social costs, including an increased risk of work-related disability

and accelerated mortality. The reduced median life expectancy reflects

higher rates of premature death because of the increased risk of atherosclerotic

cardiovascular diseases (CVD), including ischemic heart disease

and cerebrovascular accidents (CVA) among RA patients [1–3].

CVD reduces life expectancy by 5 to 10 years on average in RA patients

[4–6]. This increased cardiovascular burden may be caused by an enhanced

prevalence of cardiovascular risk factors or RA itself, particularly

because of its chronic inflammatory component. Numerous studies

have shown an obvious association between chronic inflammation

and atherosclerosis [4,7–9]. RA increases the risk of cardiovascularmortality

upwards to 50% [3,10]. Chronic obstructive pulmonary disease

(COPD) and autoimmune disease may also cause systemic inflammation,

which in turn accelerates atherosclerosis and increases risk of cardiovascular

events [11–13].

RA affects 0.5%–1% of the population in Western countries, higher

than 0.1% in Taiwan [14–16]. In addition to infections and gastrointestinal

hemorrhage because of non-steroidal anti-inflammatory drugs, cardiovascular

mortality is increased in RA patients [17]. Several cohort

studies inWestern countries have found that RA patients had a significantly

increased risk (up to a three-fold risk) of myocardial infarction

(MI) compared to thosewithout RA [18–21]. This study is the first to address

this issue for Asian people.We conduct a nationwide retrospective

cohort study to evaluate whether RA patients are at the risk of developing

acute myocardial infarction (AMI) after accounting for traditional

risk factors of ischemic heart disease.

AMI remains a leading cause of morbidity and mortality worldwide

despite advances in management. Hypertension, diabetes, and hyperlipidemia are traditional risk factors accompanying the development

of atherosclerotic coronary artery disease and MI [22,23]. COPD

associated with reduced lung function is a strong risk factor for cardiovascular

events, independent of smoking [12,24]. End stage renal disease

(ESRD) is also strongly associated with an increased risk of MI

and CVD mortality [25].

2. Methods

2.1. Study design

The National Health Insurance (NHI) program in Taiwan is a universal insurance systemestablished

in 1995,with coverage of over 99% of the entire 23.74million residents in

Taiwan. We established a longitudinal cohort study using claims data of the Taiwan National

Health Institute Research Database (NHIRD), obtained from the Bureau of the National

Health Insurance (BNHI) (data set number 99258). Data files were connected

with surrogate identification numbers established by the National Health Research Institutes

suitable for public research. This study was exempted from full review by the institutional

Research Ethic Committee (CMU-REC-101-012).

Database information has been itemized in previous study [26]. Several Taiwan studies

had demonstrated the high accuracy and validity of diagnosis in cardiology-related and

autoimmune diseases in NHIRD [27,28]. The International Classification of Disease, Ninth

Revision (ICD-9) was used for coding the diagnosis of disease.

2.2. Identification of RA and AMI

All RA patients were identified from the Registry of Catastrophic Illness Database

(RCIPD) of the NHIRD. In Taiwan, insured residents with severe diseases can apply for a

catastrophic illness certificate that exempt from co-payment for health services. At least

2 specialists had validated each certificate with careful and comprehensive supporting

medical examinations. Only people who fulfill the criteria of catastrophic diseases are

qualified the catastrophic illness certificates. From 1998 to 2008, the RCIPD confirmed

29,260 patients who were newly identified with RA diagnosis (ICD-9 code 714) by physicians,

based on the 1987 American College of Rheumatology criteria; the index date was

the date of RA registration. Patients with a history of AMI before the index date and

those who had incomplete information on age or sex were excluded. We conducted the

frequency match design to select more non-RA subjects as controls for comparison to increase

the statistical power and control the potential confounding. All insured people

without a history of AMI or RA in the NHIRD were potential comparison subjects. Four

non-RA control subjects for each RA case were randomly selected frequency matched

for age, sex, and index year.We linked participants to the admission claims data to identify

the first episode of AMI (ICD-9-CM code 410) during the follow-up period. The newly diagnosed

patients with AMI were confirmed by the cardiologist.

2.3. Outcome measure

The follow-up person-yearswere estimated for study participants fromthe index date

to AMI diagnosis, censoring caused by death during hospitalization, loss of follow-up,

withdrawal from the insurance system, or until the end of December 31, 2010.

2.4. Exposure variables

Socio-demographic information, such as age and sex, and comorbidities, such as hypertension

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

codes CM 272), CVA (ICD-9 codes 430 to 438), COPD (ICD-9 code 491 to 496), and ESRD

(ICD-9 code 585), were analyzed. All comorbidities were determined at the baseline.

3. Statistical analysis

All statistical analyses were performed using the SAS statistical

package (version 9.2 for Windows; SAS Institute, Inc., Cary, NC, USA).

Statistical significance was accepted at α = 0.05. We described and

compared the distributions of age, sex, and comorbidities (%) between

RA patients and controls by χ2 tests. The incidence densities (per

1000 person-years) were estimated for both the RA group and the control

group by associated demographic variables and comorbidities. To

estimate the AMI risk by age, we divided study patients into 4 subgroups

based on the baseline ages (≤35 years, 35–50 years, 50–65

years, and ≥65 years). In order to estimate the variable specific risk of

AMI between the two study groups, we used the Poisson regression

model to estimate the RA-to-non-RA incidence rate ratio (IRR) and

95% confidence intervals (CIs) for each age subgroup. Similarly, subgroup

RA-to-non-RA IRR was measured for men and women and with and

without the specific comorbidity.We also used the Cox proportional hazards

regression model to estimate the hazard ratio (HR) of developing

AMI for all study population by including all associated variables, using

the subgroup with the lowest risk as the reference for each specific variable.

This analysiswould depict the risk differences among subgroups for

each study covariate. Furthermore, the cumulative incidence of AMI between

the RA group and the control group was assessed using the

Kaplan–Meier method, and the differences were assessed with a logrank

test.

4. Results

Table 1 shows the distribution of socio-demographic information in

the study participants. No significant difference exists in the distribution

between RA patients and controls in gender and age. However, several

comorbidities were more prevalent among RA patients than controls,

including hypertension (9.01% vs. 7.07%; P b 0.001), diabetes (5.54%

vs. 4.48%; P b 0.001), hyperlipidemia (2.33% vs. 1.86%; P b 0.001), and

COPD (3.03% vs. 1.63%; P b 0.001). Nearly three-quarters of our participants

were women and over half of them were over 50 years of age.

Table 2 shows the incidence density rate, IRR, and adjusted hazard

ratio (aHR) of AMI measured for the study population. The 29,260 RA

patients and 117,040 controls were followed 193,987 and 792,254

person-years, respectively. The overall AMI incidence density rate was

33% significantly higher in the RA patients than that in the controls

(1.79 vs. 1.34 per 1000 person-years). After adjusting the covariates,

the overall risk of AMI remained significant for RA patients with an

aHR of 1.38 (95% CI 1.22–1.55). The men had higher AMI incidence than

women in each study group. For men, the risk of AMI was 1.36-fold

(95% CI = 1.26–1.46) higher for the RA patients than the controls (3.36

vs. 2.48 per 1000 person-years). Overall, men have a 2.14-fold increased

risk of AMI compared to women (95% CI = 1.92–2.38). Stratified by

age, the incidence density rates of AMI increased with age and were the

highest in the oldest adults among RA patients and non-RA controls

(5.65 and 4.19 per 1000 person-years, respectively). However, the agespecific

RA subgroup to subcontrol group IRR of AMI decreased with age

from 1.92-fold in the youngest subgroup to 1.35 in the oldest subgroup.

After adjusting for covariates, the risk of developing AMI significantly

increased with age. The elderly had an aHR of 65.3 for AMI than the

youngest. Neither age nor gender existed the interactions with the RA

(P = 0.86, P = 0.31)

Table 3 shows the AMI risk estimated by comorbidities. The incidence

rates of AMI were higher in subjects with comorbidity compared

with subjectswithout it. The IRR of RA patients comparedwith the controls

was significantly higher than 1.0 for subjects without a specific comorbidity, while the corresponding IRR was lower than 1.0 for subjects

with the comorbidity but not significant. Compared with subjects

without the specific comorbidity, the aHR was significantly higher for

those with the comorbidity. The aHR was the highest for those with

ESRD among all comorbidities. The interaction existed between RA

and hypertension, diabetes, and hyperlipidemia (P b 0.001, P = 0.004,

and P = 0.004, respectively)

Fig. 1 shows the Kaplan–Meier model measured cumulative incidence

of AMI for both RA patients and controls in 13-year follow-up period.

The cumulative incidence of AMI was 1.3% higher in RA patients

than in the controls (3.1% vs. 1.8%) (log-rank test P b 0.0001).

5. Discussion

This is the first study for Asian people to assess the risk of developing

AMI associated with RA. We found a 38% increased risk of AMI in RA

patients compared to the population without RA. The risk seems

lower than previous studies inWestern countries [10,18–21]. Maradit-

Kremers et al. [18] indicated that hospitalized MIs were 3.17-fold

more prevalent in RA patients than in non-RA subjects prior to RA

diagnosis, but hospitalized MI risk did not increase after RA diagnosis.

Solomon et al. [19] reported RA prevalence in female cohorts and relied

on self-reports to ascertain CVD events, although women with RA had a

2-fold higher risk ofMI. Lindhardsen et al. [20] showed that RA patients

had a 1.7-fold increased risk of MI in a Danish study. Fischer et al. [21]

found a 47% increased risk of AMI for RA patients in a United Kingdom

study. A possible reason for the AMI risk differences among RA patients

between Western countries and Taiwan may be associated with racial

differences. Another reason may be that RA patients in Taiwan can obtain

catastrophic illness cards, by which they can receive long-term

use of disease-modifying anti-rheumatic drugs (DMARD) free of charge.

Several studies have indicated that DMARD use is associated with reduced

risk of all CVD events and MI among RA patients [29,30].

RA becomes an independent risk factor for developing AMI. The phenomenon

is attributed to under-treatment of cardiovascular risk factors

in RA patients and possible accelerated atherosclerosis associated with

RA. Because RA is a chronic systemic inflammatory disorder, evidence

has shown the involvement of inflammation mediators connected with prothrombotic factors and endothelial dysfunction in the development

of atherosclerotic CVD in RA patients [4,14,31,32]. Common

pro-inflammatory cytokines can appear in the development and

progression of both RA and atherosclerosis. Moreover, the destructive

pro-inflammatory cascade and effectivemechanisms in RA resemble

the chronic inflammatory processes that drive atherosclerosis development.

Pro-inflammatory cytokines such as interleukin (IL)-1, IL-6, and

the tumor necrosis factor-alpha produced in RA may promote both traditional

(e.g., hyperlipidemia, insulin resistance) and nontraditional

(e.g., oxidative stress) cardiovascular risk factors. Expression of proinflammatory

cytokines and inflammatory mediators can influence all

stages of atherosclerosis development, from early atheroma formation

to thrombus development responsible for AMI events [33].

Despite that most RA patients were women, the AMI risk increased

in both genders. After adjusting for age and other comorbidities, men

with RA had a higher hazard of developing AMI than did women in

our study. This finding is consistent with previous studies [29,34]. The

RA effect on AMI risk was higher in young adults than in middle-aged

and older adults. However, AMI risk increased with age after adjusting

for sex and comorbidities. The results are consistent with numerous

studies [20,21]. This is because older adults have a higher proportion

of comorbidities interacting with RA to develop AMI and aging process

liable to arterial thrombosis [35]. The cumulative incidence of AMI increased

in the years following RA diagnosis. The European League

against Rheumatism(EULAR) recommends aggressive control of RA activity

and annual CVD risk assessment for all RA patients, particularly for

older men [36].

We have also shown that AMI incidence increased in patients having

any comorbidity in both cohorts. After adjusting for sex and age, any comorbidity

listed in the studywas associatedwith increased risks for developing

AMI. The results are robust and consistent with previous

studies [12,22–25]. Among these comorbidities, RA patients with ESRD

had the highest risk of up to a 3.46-fold increase for developing AMI.

The second comorbidity risk was diabetes, which had a 2.45-fold risk

of developing AMI among RA patients. During the maximal 13-year

follow-up period, the cumulative incidence of AMI remained significantly

higher in RA patients than in the controls.

The strength of this study is in providing a nationwide populationbased

cohort longitudinal study of Asian people with RA on the risk of

developing AMI events. However, several important limitations must

be considered when interpreting the present findings. NHRID does not

provide detailed information such as cigarette smoking, body mass

index, and physical activity, which are all potential confounding factors

for this study. Although cigarette smoking is a risk factor for CVD events,

various studies have failed to identify smoking as a predictor of CVD

mortality in seropositive RA and inflammatory polyarthritis [37]. The information

on medication was not available in the data file we used for

this study, we were unable to observe whether pharmaceutical uses of

NSAIDs and glucocorticoids associated the AMI risk for RA patients. RA

treatment and lifestyle of RA patients may favor physical inactivity

and obesity, but no clear evidence exists that implicates these factors

in accelerated atherosclerosis in RA [38,39]. Despite our meticulous

study design to control confounding factors, a key limitation is the potential

for bias because of possible unmeasured or unknown confounders.

Our nationwide study of approximately 30,000 RA patients with

193,987 follow-up person-years shows that the AMI risk is 38% higher

in RA patients than in the general population. The age-specific incidence

rate ratio of AMI for RA patients compared with non-RA subjects is

higher in young groups. However, the overall hazard of AMI increases

with age after controlling for covariates. In addition to the traditional

risk factors of hypertension, diabetes, and hyperlipidemia,we also identified

that COPD and ESRDmay increase theAMI risk independently. Clinicians

should be aware of the increased AMI risk in patients with RA

and provide appropriate cardiovascular management in addition to aggressive

control of RA.
