Outcomes of percutaneous coronary intervention in patients with rheumatoid arthritis and systemic lupus erythematosus: an 11-year nationwide cohort study
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ABSTRACT
Objectives: Patients with rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) have an increased risk of developing coronary atherosclerosis. However, the impact of RA and SLE on the outcomes in patients undergoing percutaneous coronary intervention (PCI) remains largely underdetermined.
Methods: Using the National Health Insurance Research Database of Taiwan, we identified 171,547 adult patients who underwent first-time PCI between 2000 and 2010. Among these patients, 525 had established RA, and 211 had SLE. The odds ratios (ORs) of in-hospital mortality and hazard ratios (HRs) of overall mortality and adverse cardiac outcomes after PCI (i.e., ischaemic events, repeat revascularisation and major adverse cardiac events [MACE]) in relation to RA and SLE were estimated.
Results: After adjustment for potential confounders, including patient characteristics and procedural variables, RA (OR=1.73, 95% confidence interval [CI] 1.11-2.68) and SLE (OR=3.81, 95% CI 2.02-7.16) were both independent predictors of in-hospital mortality. In addition, RA was independently associated with overall mortality (HR=1.55, 95% CI 1.35-1.79), ischaemic events (HR=1.18, 95% CI=1.01-1.39) and MACE (HR=1.20, 95% CI=1.07-1.34) during long-term follow-up, whereas SLE was independently associated with overall mortality (HR=2.20, 95% CI 1.74-2.78), repeat revascularisation (HR=1.27, 95% CI 1.02-1.58) and MACE (HR=1.47, 95% CI=1.24-1.75). Compared with patients without autoimmune diseases, patients with more recent SLE-related hospitalisations prior to PCI were at higher risk of in-hospital mortality (p for trend<0.0001).
Conclusions: This study addresses the inherent risks associated with RA and SLE in patients undergoing PCI and highlights the necessity to improve the caring and secondary prevention strategies for these high-risk patients.
INTRODUCTION
Atherosclerosis has been traditionally considered a lipid-driven disorder affecting the arterial system. Over the past two decades, however, this theory has been substantially modified based on increased knowledge of the pathophysiology of atherosclerosis.1-4 Recent evidence supports an essential role of chronic inflammation in the development and propagation of systemic atherosclerosis.1-4 Autoimmune diseases, a group of disorders arising from abnormal autoimmunity, can involve different organ systems with a wide spectrum of clinical manifestations. These inflammatory rheumatic disorders can lead to chronic, relapsing and systemic inflammatory responses that increase cardiovascular risks in affected patients. A number of autoimmune diseases, including rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), polymyositis-dermatomyositis (PM-DM), systemic sclerosis (SSc) and inflammatory bowel diseases (IBD), have been associated with the development of coronary artery disease (CAD), myocardial infarction and cardiovascular death.1-8
The high burden of cardiovascular diseases in patients with autoimmune diseases has drawn attention to whether autoimmune diseases might worsen the prognosis for CAD. Outcomes after myocardial infarction/acute coronary syndrome (ACS) have been compared in patients with autoimmune diseases, such as RA and SLE, and the general populations in several studies.7-14 Although some patients undergo coronary revascularisation with percutaneous coronary intervention (PCI), the most frequently used revascularisation procedure for CAD in contemporary practice, early and late outcomes have rarely been specified for this subgroup. Several studies have focused on the outcomes of PCI in patients with autoimmune diseases.15-18 However, the outcomes in RA patients versus non-RA patients are inconsistent in the literature, 15-17 and available data for SLE are based on a small patient number with a limited duration of follow-up.18 In the modern era of the widespread use of intervention therapy, the outcomes of PCI in patients with autoimmune diseases remain largely underdetermined. The impact of autoimmune diseases on patients undergoing PCI requires further elucidation.
The National Health Insurance Research Database (NHIRD) of Taiwan contains a large sample size and high validity of diagnosis for catastrophic illnesses (e.g., autoimmune diseases, cancers, congenital heart diseases and end-stage renal disease [ESRD]), and thus may be suitable to appraise the outcomes following certain procedures in rare disease patients. In addition, this database has provided a valuable real-world platform for elucidating various clinical facets of autoimmune diseases.19-22 In studies presented here we attempted, through the NHIRD of Taiwan, to describe the characteristics and outcomes of patients with autoimmune diseases undergoing PCI and to investigate whether autoimmune diseases might be associated with increased risks of in-hospital mortality after PCI and of adverse outcomes during long-term follow-up.

PATIENTS AND METHODS
The PCI cohort
This retrospective cohort study was conducted using the NHIRD of Taiwan (see online supplementary text 1). The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) is used to define diseases and procedures.19-22 The ICD-9-CM codes of procedures and diseases described in this study are listed in online supplementary Table S1. Access to the NHIRD was approved by the Review Committee of the National Health Research Institutes, and the study protocol was approved by the Institutional Review Board of National Cheng Kung University Hospital (approval number: A-EX-102-010).
The study cohort was identified from the inpatient hospital claims of the NHIRD, which provides data for all hospitalised patients undergoing PCI. The procedures used to establish the study cohort are summarised in Figure 1. We selected hospitalisations with procedure codes for PCI, including percutaneous transluminal coronary angioplasty (PTCA) and coronary artery stenting, from January 1, 2000, to December 31, 2010. There were 271,711 hospitalisations for PCI during the study period. Among these hospitalisations, 171,547 adult patients who underwent first-time PCI were identified as the study cohort. Using the catastrophic illness database, we identified 525 RA patients (0.31%) and 211 SLE patients (0.12%) in the PCI cohort. Patients with PM-DM (25 patients), SSc (21 patients) and IBD (16 patients) were few in number and therefore not included in this study.
Comorbidities and outcome measurements
Based on the hospital care data and prior hospitalisations of each patient, we identified baseline medical comorbidities, including hypertension, diabetes mellitus (DM), hyperlipidaemia, congestive heart failure (CHF), chronic kidney disease (CKD), peripheral artery disease (PAD), prior stroke, chronic obstructive pulmonary disease (COPD), dementia and Parkinson's disease. Patients with ESRD were further recognised from patients with CKD if they were registered with dialysis catastrophic illness certificates. We also identified whether the patients were hospitalised with a diagnosis of ACS. In addition, we distinguished the accreditation levels of the hospitals at which the PCI procedures were conducted (i.e., medical centres, regional hospitals or district hospitals). The use of stenting during the PCI procedures was also recorded.
In-hospital mortality was measured. Overall mortality and adverse cardiac outcomes during long-term follow-up, including ischaemic events, repeat revascularisation and major adverse cardiac events (MACE) after PCI, were also evaluated and analysed. Ischaemic events were defined as rehospitalisations due to ACS after PCI. Repeat revascularisation was defined as rehospitalisations for either re-PCI or coronary artery bypass grafting (CABG) after PCI. Finally, MACE was a composite endpoint, defined as any occurrence of all-cause mortality, myocardial infarction and repeat revascularisation.23, 24 The three selected adverse cardiac outcomes that occurred prior to censoring events, including mortality, withdrawal from the insurance programme or December 31, 2011, were recorded. The first episode of each outcome was counted when a patient experienced more than one episode.
Statistical analysis
The control group comprised patients who did not have any of the abovementioned autoimmune diseases. Patients with RA and SLE were compared separately with the control group to describe the differences in baseline characteristics and outcomes. Categorical variables, expressed as numbers and percentages, were compared using the Chi-square test or Fisher’s exact test. Continuous variables, expressed as mean ± standard deviation, were compared using Student’s t test. Kaplan-Meier estimates of overall survival and freedom from ischaemic events, repeat revascularisation and any MACE were plotted. Logistic regression analysis was performed to estimate the odds ratios (ORs) of in-hospital mortality associated with RA and SLE, with adjustment for potential confounding variables considered in relevant cardiovascular studies,24-26 including patient characteristics (i.e., age, sex, hypertension, DM, hyperlipidaemia, CHF, CKD, PAD, prior stroke, COPD, dementia, Parkinson’s disease and ACS), stenting and hospital levels. A Cox proportional hazard regression model with adjustment for potential confounding variables was performed to estimate the hazard ratios (HRs) of overall mortality, ischaemic events, repeat revascularisation and any MACE after PCI associated with RA and SLE. To evaluate the potential impact of recent RA- and SLE-related hospitalisations on the in-hospital outcomes of PCI, the patients were divided into three categories: 1) patients without a history of hospitalisations within 2 years prior to PCI; 2) patients ever hospitalized  between the 2nd year and the 2nd month prior to PCI; and 3) patients with a history of recent hospitalisations within 2 months. The adjusted ORs of in-hospital mortality were then estimated. Additionally, to evaluate the potential impact of disease duration of RA and SLE prior to PCI on in-hospital outcomes of PCI, the patients were divided into two categories: 1) patients with disease duration of less  than 3 years and 2) patients with disease duration of 3 years and longer, and the adjusted ORs of in-hospital mortality were estimated. Statistical analyses were performed using SAS software (SAS Institute, Cary, NC) and STATA for Windows. A P value less than 0.05 was considered statistically significant.
RESULTS
Baseline characteristics and procedures
The comparisons of baseline characteristics and operative data for patients without autoimmune diseases (the control group), patients with RA and patients with SLE in the PCI cohort are summarised in Table 1. Among the 170,762 patients without autoimmune diseases, the mean age was 65.3 years, with a male-to-female ratio of 2.56. Hypertension (65.9%) was the most common underlying medical comorbidity. The average total hospital cost was 160,421 New Taiwan Dollars (NTD) per hospitalisation, equivalent to approximately 5,416 US dollars or 4,124 Euros.
Compared with the control group, the 525 RA patients were significantly older and predominantly female. The RA patients had a lower proportion of hyperlipidaemia and higher proportions of CHF and COPD and more frequently underwent stenting during PCI. Among the 211 SLE patients, the mean age was significantly lower than that of the control group. The SLE patients were predominantly female. Although the SLE patients had significantly lower proportions of DM and hyperlipidaemia, these patients were much more likely to have CKD and ESRD. The PCI procedures for SLE patients were primarily conducted in medical centres (p<0.0001, the distribution of hospital levels). Moreover, the average total hospital costs per hospitalisation of RA and SLE patients were significantly higher than the costs for patients without autoimmune diseases.
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Table 1 Comparison of patient characteristics between patients without autoimmune diseases (control group), patients with RA and patients with SLE in the PCI cohort of Taiwan, 2000-2010.
	Characteristics*
	Control group (n=170,762)
	Patients with autoimmune diseases

	
	
	RA patients†
(n=525)
	p value‡
	SLE patients†
(n=211)
	p Value‡

	Age group
	
	
	<.0001
	
	<.0001

	< 50 years old
	19,924 (11.7)
	29 (5.5)
	
	73 (34.6)
	

	50-59 years old
	37,297 (21.8)
	77 (14.7)
	
	51 (24.2)
	

	60-69 years old
	45,798 (26.8)
	179 (34.1)
	
	57 (27.0)
	

	70-79 years old
	49,026 (28.7)
	195 (37.1)
	
	28 (13.3)
	

	≥ 80 years old
	18,717 (11.0)
	45 (8.6)
	
	2 (0.9)
	

	Age, mean (SD)
	65.3 (12.1)
	68.0 (10.0)
	<.0001
	55.7 (12.6)
	<.0001

	Sex§
	
	
	<.0001
	
	<.0001

	  Female
	47,939 (28.1)
	289 (55.0)
	
	145 (68.7)
	

	  Male
	122,716 (71.9)
	236 (45.0)
	
	66 (31.3)
	

	Medical comorbidities
	
	
	
	
	

	Hypertension
	112,451 (65.9)
	363 (69.1)
	.11
	145 (68.7)
	.38

	DM
	66,097 (38.7)
	192 (36.6)
	.32
	47 (22.3)
	<.0001

	Hyperlipidaemia
	67,535 (39.6)
	144 (27.4)
	<.0001
	57 (27.0)
	.0002

	CHF
	29,985 (17.6)
	127 (24.2)
	<.0001
	44 (20.9)
	.21

	CKD
	9,713 (5.7)
	35 (6.7)
	.33
	51 (24.2)
	<.0001

	    ESRD
	7,097 (4.2)
	19 (3.6)
	.54
	45 (21.3)
	<.0001

	PAD
	4,399 (2.6)
	19 (3.6)
	.13
	6 (2.8)
	.81

	Prior stroke
	24,578 (14.4)
	78 (14.9)
	.76
	37 (17.5)
	.19

	COPD
	20,021 (11.7)
	105 (20.0)
	<.0001
	32 (15.2)
	.12

	Dementia
	1,749 (1.0)
	5 (1.0)
	.87
	0 (0)
	.29

	Parkinson’s disease
	1,540 (0.9)
	5 (1.0)
	.90
	2 (1.0)
	.72

	ACS
	78,418 (45.9)
	251 (47.8)
	.39
	99 (46.9)
	.77

	Stenting
	83,087 (48.7)
	311 (59.2)
	<.0001
	113 (53.6)
	.15

	Hospital level
	
	
	.45
	
	<.0001

	Medical centre
	70,606 (41.3)
	222 (42.3)
	
	133 (63.0)
	

	Regional hospital
	81,052 (47.5)
	237 (45.1)
	
	60 (28.4)
	

	District hospital
	19,104 (11.2)
	66 (12.6)
	
	18 (8.5)
	

	Total hospital cost (NTD, mean  SD)
	160,421  101,629
	172,822  105,282
	.005
	177,115  113,617
	.02


*Data are expressed as patient number (percentage) unless otherwise indicated.
†Ten patients with a combination of RA and SLE were counted in both RA and SLE patient groups.
‡The P values were calculated by comparison with the control group.
§Sex data were missing or undetermined in 28 patients (0.01%).
CAD, coronary artery disease; PCI, percutaneous coronary intervention; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SD, standard deviation; DM, diabetes mellitus; CHF, congestive heart failure; CKD, chronic kidney disease; ESRD, end-stage renal disease; PAD, peripheral artery disease; COPD, chronic obstructive pulmonary disease; ACS, acute coronary syndrome; NTD, New Taiwan Dollar.
In-hospital outcomes
The in-hospital mortality rates following PCI procedures in the control group, RA patients and SLE patients were 2.0%, 4.2% and 5.2%, respectively (Table 2). Both RA and SLE were associated with increased odds of in-hospital mortality. After adjustment for potential confounding variables, RA (adjusted OR 1.73, 95% confidence interval [C.I.] 1.11-2.68; p=0.01) and SLE (adjusted OR 3.81, 95% C.I. 2.02-7.16; p<0.0001) were independent predictors of in-hospital mortality.
Long-term follow-up
The Kaplan-Meier estimates of overall survival, freedom from ischaemic events, freedom from repeat revascularisation and freedom from any MACE are depicted in Figures 2A, 2B, 2C and 2D, respectively. The hazard ratios of overall mortality, ischaemic events, repeat revascularisation and MACE associated with RA and SLE are presented in Table 2. Both RA and SLE were associated with an increased risk of overall mortality during the follow-up period. After controlling for potential confounding variables, RA (adjusted HR 1.55, 95% C.I. 1.35-1.79; p<0.0001) and SLE (adjusted HR 2.20, 95% C.I. 1.74-2.78; p<0.0001) remained independent predictors of overall mortality after PCI.
During the follow-up period, RA was significantly associated with an increased risk of ischaemic events, whereas SLE was not. After adjustment for potential confounding variables, RA remained an independent predictor of ischaemic events after PCI (adjusted HR 1.18, 95% C.I. 1.01-1.39; p=0.04).
During the follow-up period, SLE was marginally associated with an increased risk of repeat revascularisation (crude HR 1.23, 95% C.I. 0.99-1.52; p=0.06), whereas RA was not. After adjustment for potential confounding variables, SLE was an independent predictor of repeat revascularisation after PCI (adjusted HR 1.27, 95% C.I. 1.02-1.58; p=0.03). As shown in Figures 2C, the risks of repeat revascularisation associated with SLE before and after 4 years since PCI were somewhat different and thus were further estimated. SLE was not significantly associated with repeat revascularisation within 4 years (adjusted HR 1.18, 95% C.I. 0.93-1.49; p=0.18) but was associated with an increased risk of repeat revascularisation beyond 4 years after PCI (adjusted HR 2.28, 95% C.I. 1.29-4.03; p=0.005).
During the follow-up period, both RA and SLE were associated with an increased risk of MACE. After controlling for potential confounding variables, both RA (adjusted HR 1.20, 95% C.I. 1.07-1.34; p=0.001) and SLE (adjusted HR 1.47, 95% C.I. 1.24-1.75; p<0.0001) were independent predictors of MACE.

Table 2 Odds ratios of in-hospital mortality and hazard ratios of overall mortality and adverse cardiac outcomes associated with RA and SLE.
	Adverse outcomes
	Control group (n=170,762)
	Patients with autoimmune diseases

	
	
	RA patients (n=525)
	SLE patients (n=211)

	In-hospital mortality (%)
	3,438 (2.0)
	22 (4.2)
	11 (5.2)

	Crude OR (95% CI)
	1.00
	2.13 (1.39-3.27)***
	2.68 (1.46-4.91)***

	Adjusted OR (95% CI)†
	1.00
	1.73 (1.11-2.68)*
	3.81	(2.02-7.16)***

	
	
	
	

	Overall mortality (%)
	45,489 (26.6)
	199 (37.9)
	71 (33.6)

	Crude HR (95% CI)
	1.00
	1.74 (1.51-2.00)***
	1.53 (1.21-1.93)***

	Adjusted HR (95% CI)‡
	1.00
	1.55	(1.35-1.79)***
	2.20 (1.74-2.78)***

	
	
	
	

	Ischaemic events (%)
	49,586 (29.0)
	157 (29.9)
	62 (29.4)

	Crude HR (95% CI)
	1.00
	1.21 (1.03-1.41)*
	1.18 (0.92-1.51)

	Adjusted HR (95% CI)‡
	1.00
	1.18 (1.01-1.39)*
	1.17 (0.91-1.50)

	
	
	
	

	Repeat revascularisation (%)
	61,872 (36.2)
	171 (32.6)
	81 (38.4)

	Crude HR (95% CI)
	1.00
	1.00 (0.86-1.16)
	1.23 (0.99-1.52)

	Adjusted HR (95% CI)‡
	1.00
	1.06	(0.92-1.24)
	1.27	(1.02-1.58)*

	
	
	
	

	Any MACE
	95,824 (56.1)
	321 (61.1)
	135 (64.0)

	Crude HR (95% CI)
	1.00
	1.24 (1.11-1.38)***
	1.34 (1.13-1.58)***

	Adjusted HR (95% CI)‡
	1.00
	1.20 (1.07-1.34)**
	1.47 (1.24-1.75)***


*p<0.05, **p<0.01, *** p<0.001.
†Based on the multiple logistic regression analysis with adjustment for age, sex, medical comorbidities, ACS, stenting and hospital levels.
‡Based on Cox proportional hazard regression model with adjustment for age, sex, medical comorbidities, ACS, stenting and hospital levels.
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; OR, odds ratio; CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiac events.
The impacts of recent hospitalisations and disease duration on in-hospital outcomes
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The impact of recent RA- and SLE-related hospitalisations prior to PCI on the in-hospital outcome of PCI was evaluated (Table 3). Compared with the control group, patients with recent SLE-related hospitalisations prior to PCI were associated with an increase in adjusted ORs of in-hospital mortality (p for trend<0.0001), whereas those with recent RA-related hospitalisations were not. We also evaluated the impact of the disease duration of RA and SLE, respectively prior to PCI on the in-hospital outcome of PCI (see online supplementary Table S2). Compared with the control group, both RA and SLE patients with disease duration of  3 years and longer were associated with increased adjusted ORs of in-hospital mortality.
Table 3 Adjusted odds ratios of in-hospital mortality associated with recent RA- and SLE-related hospitalisations prior to PCI.
	Recent hospitalisations due to RA and SLE prior to PCI
	Adjusted OR (95% CI) of in-hospital mortality*

	Control group (n=170,762)
	1.00

	RA patients without a history of  hospitalisation within 2 years (n=325)
	2.17 (1.30-3.61)

	RA patients with a history of recent hospitalisations between 2 years and 2 months (n=136)
	1.32 (0.51-3.46)

	RA patients with a history of recent hospitalisations within 2 months (n=64)
	1.42 (0.39-5.26)

	
	

	Control group (n=170,762)
	1.00

	SLE patients without a history of  hospitalisations within 2 years (n=97)
	3.65 (1.49-8.94)

	SLE patients with a history of recent hospitalisations between 2 years and 2 months (n=82)
	3.78 (1.38-10.39)

	SLE patients with a history of recent hospitalisations within 2 months (n=32)
	8.16 (2.11-31.60)


*Based on the multiple logistic regression analysis with adjustment for age, sex, medical comorbidities, ACS, stenting and hospital levels.
†Outpatient care indicates patients without history of recent RA- or SLE-related hospitalisations within 2 years prior to PCI.
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; PCI, percutaneous coronary intervention; OR, odds ratio; CI, confidence interval.


DISCUSSION
Several studies have investigated the outcomes of PCI in RA and non-RA patients.15-17 Desai et al.16 conducted a retrospective study of 43 RA patients and 43 matched non-RA patients undergoing PCI at 2 academic hospitals in the United States. The mean follow-up time was 3.8 years. Using the NHIRD of Taiwan, Kang et al.15 selected 240 RA patients and 1200 matched non-RA patients and reported 1-year follow-up. These two studies reported similar early and late outcomes of PCI in RA and non-RA patients.15, 16 Varghese et al.17 investigated the in-hospital outcomes of RA patients after coronary revascularisation using the Nationwide Inpatient Sample in the United States. In a cross-sectional large database study, which collected 3974 patients (0.8%) with RA identified from 483,615 patients undergoing PCI, Francis et al.11 observed the advantage of in-hospital survival in patients with RA. Using the same database, this study also showed that the advantage of in-hospital survival in patients with RA still existed when patients experienced myocardial infarction.11 In contrast to previous studies,15-17 the present study provides the first evidence that even after adjustment for potential confounding variables, the risks of in-hospital mortality, overall mortality, ischaemic events and MACE after PCI are substantially higher in patients with RA than in patients without autoimmune diseases. Systemic inflammatory status, which is commonly enhanced in RA patients, may have a detrimental effect at the time of acute cardiac events, such as myocardial infarction/ACS or coronary revascularisation procedures.8 RA increases cardiovascular mortality, and ischaemic heart disease resulting from accelerated coronary atherosclerosis is considered the primary cause of cardiovascular death in RA populations.1-4, 12, 27-29 Clinically, RA patients are less likely to report typical symptoms of angina,8, 12, 30 leading to delayed diagnosis and a more advanced stage of CAD at diagnosis.3, 9 Studies from two separate groups using coronary angiography have revealed a higher severity of CAD among RA patients versus controls.31, 32 In addition, an autopsy study revealed that coronary artery inflammation and vulnerable coronary plaques were more common in RA patients than in controls,33 and vulnerable carotid artery plaques have been associated with higher disease activity in RA patients.34, 35 More recently, Karpouzas et al.36 evaluated the burden and compositional differences of coronary plaques in RA patients without prior documentation of CAD compared against controls using 64-slice computed tomography angiography. The authors observed a higher prevalence of coronary atherosclerosis and more severe and extensive coronary plaques among RA patients. Complex coronary anatomy and plaque vulnerability have been associated with increased risks of mortality and adverse cardiac outcomes after PCI.37-41 Therefore, it is plausible to speculate that pathological characteristics in RA patients may contribute to the unfavourable outcomes following PCI observed in the present study.
Whereas most relevant studies have primarily focused on RA, the present study extended the scope to demonstrate the impact of SLE on patients undergoing PCI. Using a nationwide database, we found that PCI procedures for patients with SLE in this cohort were primarily conducted in medical centres. Despite younger age and a lower prevalence of traditional risk factors for CAD (e.g., DM and hyperlipidaemia), patients with SLE had a much higher prevalence of CKD and ESRD. Even after adjustment for potential confounding factors, SLE remained an independent predictor of in-hospital mortality, overall mortality, repeat revascularisation and MACE after PCI (Table 2). Using the National Heart, Lung, and Blood Institute Dynamic Registry across 23 clinical centres in North America, Maksimowicz-McKinnon et al.18 examined the outcomes of 28 SLE patients and 3385 non-SLE patients undergoing PCI. Probably in association with a hypercoagulable state and low frequency of aspirin therapy, SLE patients required repeat PCI more often than non-SLE patients within 1 year. In the present study, the risk of repeat revascularisation was higher in SLE patients. However, this effect was not apparent until 4 years after PCI (see online supplementary text 2). In addition, we found that recent SLE-related hospitalisations might affect in-hospital mortality after PCI, consistent with the observation by Lin et al.22 that a recent history of hospitalisations due to SLE prior to major surgery may increase risks of postoperative 30-day in-hospital overall complications and mortality. The choice of optimal timing for PCI warrants further investigation to improve the early outcomes of these patients.
Our study has some limitations. First, the numbers of PM-DM, SSc and IBD patients were insufficient for analyses in this nationwide study. Further studies using larger databases including these diagnoses as data collection items would likely overcome this problem. Second, large reimbursement cuts in Taiwan, evidenced as low total hospital costs in the cohort, might reduce the quality of cardiac care.42 This economic factor could possibly bring more negative impacts on patients with autoimmune diseases who underwent PCI as these patients inevitably are in need of multi-disciplinary care (see online supplementary text 3). Validation of our findings in other healthcare systems and countries is required. Third, some variables of interest were unavailable from the medical claims, such as the extent and distribution of CAD, choice of coronary stents (bare metal stents or drug-eluting stents), details of immunosuppressants and causes of death; thus, these variables cannot be considered in the analyses. Finally, a relatively small percentage of missing data or miscoded diagnoses is inherent in studies using large databases. However, such coding errors are likely random and should not be a valid argument for the observed findings of the present study because non-differential disease misclassification tends to bias the results towards the null.
In summary, our study may help rheumatologists and cardiologists recognise the inherent risks associated with RA and SLE in patients undergoing PCI. Previous investigators have clearly demonstrated that patients with RA and SLE are at increased risk for the development of CAD and associated morbidity and mortality. The present study further demonstrate that following coronary revascularisation with PCI, the risks of mortality and adverse cardiac outcomes remain higher in patients with RA and SLE. These findings highlight the urgent need to improve the caring and secondary prevention strategies after PCI for these high-risk patients.
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FIGURE LEGENDS
FIGURE 1 Study flow chart: cohort assembly of 171,547 adult patients undergoing first-time percutaneous coronary intervention between 2000 and 2010 in the National Health Insurance Research Database of Taiwan.
PCI, percutaneous coronary intervention; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; PM-DM, polymyositis-dermatomyositis; IBD, inflammatory bowel diseases.

FIGURE 2 Kaplan-Meier estimates of (A) overall survival, (B) freedom from ischaemic events, (C) freedom from repeat revascularisation and (D) freedom from any MACE in patients without autoimmune diseases (control group), patients with RA and patients with SLE in the PCI cohort of Taiwan, 2000-2010.
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Tables
Table 1. Comparison of baseline characteristics and operative data between patients without CAD-associated autoimmune diseases (control group) and RA, SLE and AS patients in the PCI cohort of Taiwan, 2000-2010.
	Characteristics*
	Control group (n=170,496)
	Patients with autoimmune diseases

	
	
	RA patients**
(n=525)
	P value***
	SLE patients**
(n=211)
	P value***
	AS patients**
(n=276)
	P value***

	Age group
	
	
	<.0001
	
	<.0001
	
	<.0001

	< 50 years old
	19,867 (11.7)
	29 (5.5)
	
	73 (34.6)
	
	58 (21.0)
	

	50-59 years old
	37,221 (21.8)
	77 (14.7)
	
	51 (24.2)
	
	79 (28.6)
	

	60-69 years old
	45,741 (26.8)
	179 (34.1)
	
	57 (27.0)
	
	58 (21.0)
	

	70-79 years old
	48,965 (28.7)
	195 (37.1)
	
	28 (13.3)
	
	66 (23.9)
	

	≥ 80 years old
	18,702 (11.0)
	45 (8.6)
	
	2 (0.9)
	
	15 (5.4)
	

	Age (years, meanSD)
	65.312.1
	68.010.0
	<.0001
	55.712.6
	<.0001
	60.612.7
	<.0001

	Sex****
	
	
	<.0001
	
	<.0001
	
	<.0001

	  Male
	122,485 (71.9)
	236 (45.0)
	
	66 (31.3)
	
	237 (85.9)
	

	  Female
	47,904 (28.1)
	289 (55.0)
	
	145 (68.7)
	
	39 (14.1)
	

	Medical comorbidities
	
	
	
	
	
	
	

	Hypertension
	112,262 (65.8)
	363 (69.1)
	.11
	145 (68.7)
	.38
	195 (70.7)
	.09

	DM
	66,000 (38.7)
	192 (36.6)
	.32
	47 (22.3)
	<.0001
	101 (36.6)
	.47

	Dyslipidemia
	67,419 (39.5)
	144 (27.4)
	<.0001
	57 (27.0)
	.0002
	121 (43.8)
	.14

	CHF
	29,932 (17.6)
	127 (24.2)
	<.0001
	44 (20.9)
	.21
	55 (20.0)
	.30

	CKD
	9,694 (5.7)
	35 (6.7)
	.33
	51 (24.2)
	<.0001
	19 (6.9)
	.39

	    ESRD
	7,089 (4.2)
	19 (3.6)
	.54
	45 (21.3)
	<.0001
	8 (2.9)
	.29

	PAD
	4,393 (2.6)
	19 (3.6)
	.13
	6 (2.8)
	.81
	6 (2.2)
	.67

	Prior stroke
	24,533 (14.4)
	78 (14.9)
	.76
	37 (17.5)
	.19
	48 (17.4)
	.16

	COPD
	19,967 (11.7)
	105 (20.0)
	<.0001
	32 (15.2)
	.12
	58 (21.0)
	<.0001

	Dementia
	1,746 (1.0)
	5 (1.0)
	.82
	0 (0)
	.29
	3 (1.1)
	.76

	Parkinson’s disease
	1,536 (0.9)
	5 (1.0)
	>.99
	2 (1.0)
	.72
	4 (1.5)
	.32

	ACS
	78,309 (45.9)
	251 (47.8)
	0.39
	99 (46.9)
	.77
	115 (41.7)
	.16

	Hospital level
	
	
	.45
	
	<.0001
	
	.08

	Medical center
	70,485 (41.3)
	222 (42.3)
	
	133 (63.0)
	
	125 (45.3)
	

	Regional hospital
	80,944 (47.5)
	237 (45.1)
	
	60 (28.4)
	
	113 (40.9)
	

	District hospital
	19,067 (11.2)
	66 (12.6)
	
	18 (8.5)
	
	38 (13.8)
	

	Stenting
	82,953 (48.7)
	311 (59.2)
	<.0001
	113 (53.6)
	.15
	141 (51.1)
	.42

	Total hospital cost (NTD, meanSD)
	160,424101,653
	172,822105,282
	.005
	177,115113,617
	.02
	159,05884,062
	.82


RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; AS, ankylosing spondylitis; SD, standard deviation; DM, diabetes mellitus; CHF, congestive heart failure; CKD, chronic kidney disease; ESRD, end-stage renal disease; PAD, peripheral artery disease; COPD, chronic obstructive pulmonary disease; ACS, acute coronary syndrome; NTD, New Taiwan Dollar
* Data are expressed as patient number (percentage) unless otherwise indicated.
** Ten patients with combination of RA and SLE were counted in both RA and SLE patient groups. Another ten patients with combination of RA and AS was counted in both RA and AS patient groups.
*** The P values were calculated by comparison with the control group.
**** Sex data were missing or undetermined in 28 patients (0.01%).

Table 2. Occurrences and risks of hospital mortality, overall mortality, repeat revascularization, myocardial infarction, stroke and any MACCE after PCI associated with RA, SLE and AS.
	Outcomes
	Control group (n=170,496)
	Patients with autoimmune diseases

	
	
	RA patients
(n=525)
	SLE patients
(n=211)
	AS patients
(n=276)

	Hospital mortality (%)
	3,435 (2.0)
	22 (4.2)
	11 (5.2)
	4 (1.4)

	Crude OR (95% CI)
	1.00
	2.13 (1.39-3.27)
	2.68 (1.46-4.91)
	0.72 (0.27-1.92)

	Adjusted OR (95% CI)*
	1.00
	1.73 (1.11-2.68)
	3.81	(2.02-7.16)
	1.05 (0.39-2.84)

	
	
	
	
	

	Overall mortality (%)
	45,460 (26.7)
	199 (37.9)
	71 (33.6)
	63 (22.8)

	Crude HR (95% CI)
	1.00
	1.74 (1.51-2.00)
	1.53 (1.21-1.93)
	0.90 (0.70-1.15)

	Adjusted HR (95% CI)**
	1.00
	1.55	(1.35-1.79)
	2.20 (1.74-2.78)
	0.93 (0.72-1.19)

	
	
	
	
	

	Repeat revascularization (%)
	61,765 (36.2)
	171 (32.6)
	81 (38.4)
	110 (39.9)

	Crude HR (95% CI)
	1.00
	1.00 (0.86-1.16)
	1.23 (0.99-1.52)
	1.13 (0.94-1.36)

	Adjusted HR (95% CI)**
	1.00
	1.06	(0.91-1.23)
	1.27	(1.02-1.58)
	1.09 (0.90-1.31)

	
	
	
	
	

	Myocardial infarction (%)
	17,558 (10.3)
	56 (10.7)
	25 (11.8)
	27 (9.8)

	Crude sub-HR (95% CI)
	1.00
	1.10 (0.84-1.43)
	1.24 (0.83-1.83)
	0.97 (0.67-1.41)

	Adjusted sub-HR (95% CI)***
	1.00
	1.09 (0.83-1.42)
	1.28 (0.86-1.90)
	0.95 (0.65-1.38)

	
	
	
	
	

	
	
	
	
	

	Stroke (%)
	26221 (15.4)
	69 (13.1)
	19 (9.0)
	31 (11.2)

	Crude sub-HR (95% CI)
	1.00
	0.90 (0.71-1.14)
	0.61 (0.39-0.95)
	074 (0.52-1.05)

	Adjusted sub-HR (95% CI)***
	1.00
	0.87 (0.68-1.11)
	0.74 (0.48-1.15)
	0.72 (0.51-1.02)

	
	
	
	
	

	
	
	
	
	

	Any MACCE (%)
	102,990 (60.4)
	340 (64.8)
	140 (66.4)
	167 (60.5)

	Crude HR (95% CI)
	1.00
	1.22 (1.10-1.36)
	1.26 (1.07-1.48)
	1.00	(0.86-1.17)

	Adjusted HR (95% CI)**
	1.00
	1.18 (1.06-1.32)
	1.39 (1.18-1.65)
	1.02 (0.87-1.18)


RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; AS, ankylosing spondylitis; OR, odds ratio; HR, hazard ratio; CI, confidence interval.
* Based on the multiple logistic regression analysis with adjustment for age, sex, hypertension, DM, dyslipidemia, CHF, CKD, PAD, prior stroke, COPD, dementia, Parkinson’s disease, ACS, hospital levels and stenting.
** Based on Cox proportional hazard regression model with adjustment for age, sex, hypertension, DM, dyslipidemia, CHF, CKD, PAD, prior stroke, COPD, dementia, Parkinson’s disease, ACS, hospital levels and stenting.
*** Based on Fine and Gray’s proportional hazard regression model (in which mortalities were treated as competing risk events) with adjustment for age, sex, hypertension, DM, dyslipidemia, CHF, CKD, PAD, prior stroke, COPD, dementia, Parkinson’s disease, ACS, hospital levels and stenting.
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Abbreviations and Acronyms

ACS = acute coronary syndrome
As = ankylosing spondyitis

CAD = coronary artery disease

CABG = coronary artery bypass grafting

CHF = congestive heart failure

CKD = chronic kidney disease

COPD = chronic obstructive pulmonary disease
DM = diabetes melitus

ESRD = end-stage renal disease

HR = hazard ratio

1BD = inflammation bowel diseases

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical
Modification

NHRD = National Health Insurance Research Database
NHI = National Health Insurance

OR = odds ratio

PAD = peripheral artery disease

PCI = percutaneous coronary intervention

PM-DM = polymyositis-dermatomyositis

RA = theumatoid arthritis

SLE = systemic lupus enythematosus

SSc = systemic sclerosis
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FIGURE 1. Study flow chart: cohort assembly of 171,547 adult patients
undergoing first-fime percutaneous coronary intervention (PCI) between 2000
and 2010 in the National Health Insurance Research Database of Taiwan
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FIGURE 2. Kaplan-Meier estimates of (A) overall suvival (B) freedom from
repeat revascularization (C) freedom from myocardial infarction (D) freedom
from stroke (E) freedom from any MACCE in patients without CAD-
associated autoimmune diseases (control group) and RA, SLE and AS
patients in the PCI cohort of Taiwan, 2000-2010
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