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ABSTRACT
Background  The associations between premature 
atherosclerosis and immune-mediated inflammatory 
diseases (IMIDs) are not fully investigated. To determine 
whether IMIDs are associated with premature 
atherosclerosis, we examined the risk of incident coronary 
artery disease (CAD) in men less than 45 years old and 
women less than 50 years old with various forms of IMIDs 
compared with general population.
Methods  A population-based cohort was established 
and included patients with IMID, who were followed until 
the development of CAD, withdrawal from the insurance 
system, death, or 31 December 2016, whichever point 
came first. Patients with IMID included rheumatoid 
arthritis (RA), systemic lupus erythematosus (SLE), 
primary Sjogren’s syndrome (SjS), idiopathic inflammatory 
myositis, systemic sclerosis (SSc), Behcet’s disease (BD), 
and systemic vasculitis (SV). The comparison group was 
1 000 000 beneficiaries sampled at random from the 
whole population as matched control participants. The 
Kaplan-Meier method was used to compare the cumulative 
incidences of CAD in patients with and without IMID.
Results  Among 58 862 patients with IMID, 2139 (3.6%) 
developed CAD and 346 (1.3%) developed premature 
CAD. Relative to the comparison cohorts, the adjusted HRs 
for premature CAD were 1.43 (95% CI 1.09 to 1.86) for 
primary SjS, 2.85 (95% CI 2.63 to 3.43) for SLE, 3.18 (95% 
CI 1.99 to 5.09) for SSc and 2.27 (95% CI 1.01 to 5.07) 
for SV.
Conclusions  Primary Sjogren’s syndrome, SLE, SSc and 
SV are associated with an increased risk of premature 
CAD. Our findings will support essential efforts to improve 
awareness of IMID impacting young adults.

INTRODUCTION
Coronary artery disease (CAD) is a major 
health problem in developed countries and 
potentially leads to lethal complication.1 2 
Published studies reported elevating trends 
of premature CAD and significantly higher 
prevalence of traditional cardiovascular (CV) 
risk factors such as hypertension and diabetes 

mellitus among young adults.3 4 However, the 
increased incidence of CAD in patients with 
rheumatic disease is independent of tradi-
tional CV risk factors.5 6 There is a growing 
agreement and recognition of the role played 
by innate and adaptive immune systems in 
the initiation and progression of atheroscle-
rosis.7 8 The chronic inflammatory response 
characterised by immune-mediated inflam-
matory disease (IMID) may also promote 
endothelial dysfunction6 9 and accelerate 
the development of atherogenesis,10–12 thus 
significantly contributing to morbidity and 
mortality.13 The significant link between 
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IMID and atherosclerotic CV manifestations has been 
established.14 15 Previous research has described the 
association between CAD and certain forms of IMID, 
including rheumatoid arthritis (RA),10 systemic lupus 
erythematosus (SLE),16 systemic sclerosis (SSc)17 and 
primary Sjögren’s syndrome (SjS).18

A recent study observed a significantly higher prev-
alence of premature CAD in patients with SLE and RA 
compared with general population,19 and the prognosis 
of premature CAD is poorer when coexisting with inflam-
matory diseases and autoimmune disorders.20 21 Owing to 
the risk of disability and lifelong healthcare issues, the 
burden of CAD is especially significant in young popu-
lations. However, the risks of premature CAD in patients 
with other forms of IMID have not been fully investigated. 
Our study aims to clarify whether IMID is a risk factor for 
premature CAD.

MATERIAL AND METHODS
Patients and data sources
Taiwan launched a single-payer National Health Insur-
ance programme on 1 March 1995. As of 2014, 99.9% 
of Taiwan’s population are enrolled.22 The National 
Health Insurance Research Database (NHIRD) has been 
released to researchers in an electronically encrypted 
form since 1999 and the system’s registry of patient files 
for catastrophic illness was used to establish the cohort of 
IMIDs in our study. To meet support objectives regarding 
families faced with major illnesses and the associated 
financial burden, the NHI system specifies 31 categories 
of catastrophic illness, covering most IMIDs. No need to 
have particularly severe disease course. To obtain a cata-
strophic illness certificate (CIC), the attending physician 
of a patient diagnosed as falling into one such category 
of catastrophic illness is required to provide relevant clin-
ical and laboratory information as part of the application 
for review. The review committee then assesses the appli-
cation according to the classification criteria for each 
diagnosis, and if approved, patients are then exempted 
from copayment for IMID-related treatment.23 The large 
sample sizes and high quality of catastrophic illness-
related diagnosis within the claims data help create a reli-
able data set suitable for estimation of premature CAD 
incidence among patients with IMID in its various forms. 
All data in this study were anonymous.

Definition of patients with IMID and premature CAD
The International Classification of Disease, Ninth Revi-
sion (ICD-9) was used for coding the diagnosis of the 
diseases relevant to our study. Our study used a retrospec-
tive, population-based cohort of patients in Taiwan with a 
diagnosis of IMID in one or more of the following forms: 
RA (ICD-9-CM 714.0), SLE (ICD-9-CM 710.0), SjS (ICD-
9-CM 710.2), idiopathic inflammatory myositis (IIM) 
(ICD-9-CM 710.3 and 710.4), SSc (ICD-9-CM 710.1), 
Behcet’s disease (BD) (ICD-9-CM 136.1) and systemic 
vasculitis (SV) (ICD-9-CM 446); this cohort was confined 

to those aged ≧18 years between 2004 and 2016 who had 
been approved for the CIC as a result of their IMID.

We divided each IMID into the following categories: 
men under 45, women under 50 years of age; men over 
45, women over 50 years of age; and all ages. We defined 
patients who developed CAD before 45 years for men and 
before 50 years for women as premature CAD. Outcomes 
were compared with patients who had no diagnosis of 
IMID. For solid outcome, incident CAD cases appearing 
in our study included acute myocardial infarction (AMI) 
(ICD-9-CM 410) and ischaemic heart disease (ICD-9-CM 
411), these having been retrieved from the inpatient diag-
nosis claims data as the principal diagnosis. The validity 
of AMI diagnosis coding in the Taiwan NHIRD has been 
verified and the positive predictive value (PPV) for AMI 
was 0.88. The PPV increased to 0.93 when using only the 
principal diagnosis in the NHIRD.24 To avoid inclusion 
of high-risk patients, we estimated the risk of CAD only in 
patients with IMID who had no previous inpatient diag-
nosis for CAD (ICD-9-CM 410, 411, 412, 413, 414) 3 years 
prior to the diagnosis of their IMID.

Our comparison group was 1 000 000 beneficiaries 
sampled at random from the whole population as 
matched control participants. We randomly assigned an 
index date for each control group. To minimise selec-
tion bias, we applied identical selection criteria and only 
considered as potential candidates for the control group 
those who had complete information on age or sex, were 
aged ≥18 years between 2004 and 2016, and who had no 
history of CAD in the 3 years prior to the index date.

Study design
Our study spanned the period from 1 January 2004 
through to 31 December 2016. With the IMID cohorts, 
follow-up commenced from the date of CIC issuance 
for IMID, this date also being matched for the compar-
ison groups (as the index date). We excluded patients 
younger than 18 years, and those who had incomplete 
information on age or sex. During the follow-up period, 
we linked participants to the admission claims data to 
identify the first episode of CAD (ICD-9-CM code 410 
or 411). From the date of cohort entry, all patients were 
followed until the development of CAD, withdrawal from 
the insurance system, death or 31 December 2016, which-
ever point came first.

Statistical analysis
Data processing and statistical analysis were performed 
using SAS statistical software (V.9.4.1; SAS Institute). Cox 
proportional hazards regression models were used to 
calculate the HR of CAD for individual IMID compared 
with the control group. Analyses were adjusted for 
patients’ age, sex and traditional risks of CAD including 
diabetes mellitus (ICD-9-CM 648, 250, 249), hyperten-
sion (ICD-9-CD 401), dyslipidaemia (ICD-9-CM 272), 
renal failure (ICD-9-CM 586, 585.9), atherosclerosis 
(ICD-9-CM 440) and CAD-related medications including 
steroids, antidiabetics, diuretics, beta-blockers, calcium 



3Lai EC-C, et al. RMD Open 2022;8:e001993. doi:10.1136/rmdopen-2021-001993

EpidemiologyEpidemiologyEpidemiology

channel blockers, lipid lowing agents, aspirin and non-
steroid anti-inflammatory drugs (NSAIDs) using regres-
sion models. The Kaplan-Meier method was used to 
compare the cumulative incidences of CAD in patients 
with and without IMID. A p<0.05 was considered signif-
icant.

RESULTS
Baseline characteristics
A total of 58 862 patients with IMIDs and 1 000 000 
control patients aged ≧18 years were identified between 
2007 and 2016. The demographic background, baseline 
traditional risk factors and related medication of CAD 
are shown in table  1. There were 26 820 patients with 
RA, 17 530 with SjS, 10 014 with SLE, 1488 with IIM, 1373 
with SSc, 1161 with BD, and 476 patients with SV in our 
study. In terms of gender, the control group of patients 
was well balanced with an almost equal number of males 
and females (50.2% females, numbering 501 845), but 
with females in greater number among patients with 
RA (76.5%), SjS (90.4%), SLE (87.5%), IIM (67.3%), 
SSc (71.7%), BD (56.7%) or SV (55.5%). In terms of 
age group, the largest proportion of RA, SjS, IIM, and 
SSc patients were between 50 and 64 years. For SLE, the 
majority were between ages 18 and 34 years, while for 
BD it was 35–49 years. The three most common forms 
of IMID in Taiwan were RA, SjS and SLE. Traditional 
risk factors were higher at baseline in the cohorts of RA, 
SjS, IIM, SSc and SV, encompassing diabetes mellitus, 
hypertension and dyslipidaemia; exposure to medication 
including steroids, antidiabetics, diuretics, beta-blockers, 
calcium channel blockers, lipid-lowing agents, aspirin 
and NSAIDs was also greater in these patient cohorts 
(table 1).

Risks of hospital admission for CAD and premature CAD
The cohort was followed from 1 January 2007 to 31 
December 2016, and the total mean follow-up time was 
5.3 years (table 2). There were 1141 (4.3%), 534 (3.0%), 
281 (2.8%), 59 (4.0%), 84 (6.1%), 18 (1.6%) and 22 
(4.6%) CAD-related hospitalisations among patients with 
RA, SjS, SLE, IIM, SSc, BD and SV, respectively. During 
this period, there were 2139 (3.6%) and 20 247 (2.0%) 
CAD-related hospitalisations among patients with IMID 
and the general population (table 2). We then compared 
by age group the incidence of CAD in our IMID cohort 
with the patients without IMID, as shown in table 2.

Table  3 shows the risk of hospitalisation for CAD 
associated with the traditional risk factors; as our study 
confirms, increased age, male gender, DM, HTN and 
renal failure are all associated with an increased risk 
of CAD. This study further identifies the higher risk of 
developing CAD for patients with IMIDs including RA, 
SjS, SLE, IIM and SSc, relative to the comparisons. After 
adjusting for traditional risk factors and related medica-
tions, the adjusted HRs for CAD were still significantly 
higher than their comparisons in patients with RA: 1.21 

(95% CI 1.13 to 1.28), SjS: 1.25 (95% CI 1.15 to 1.37), 
SLE: 1.78 (95% CI 1.58 to 2.01), IIM: 1.63 (95% CI 1.26 
to 2.10) and SSc: 1.96 (95% CI 1.58 to 2.43) (table 2 and 
figure 1A).

We further divided the patients into two groups (men 
age <45 and women age <50 or men age ≥45 and women 
age ≥50 y/o) to expose the premature CAD risk in our 
IMID cohorts. Among 25 674 patients with IMID, 346 
(1.3%) developed premature CAD (defined for men 
as appearing before age 45 and for women before age 
50). Relative to the comparisons, the adjusted HRs for 
premature CAD were 1.43 (95% CI 1.09 to 1.86) for SjS, 
2.85 (95% CI 2.36 to 3.43) for SLE, 3.18 (95% CI 1.99 
to 5.09) for SSc and 2.27 (95% CI 1.01 to 5.07) for SV. 
A marked increase in premature CAD is thus identified 
among patients with SjS, SLE, SSc and SV compared with 
the non-IMID comparisons, with all p<0.05 (table 2 and 
figure 1B,C).

DISCUSSION
In our study, the risk of hospitalisation for CAD or 
premature CAD in patients with IMID was investigated 
in a population-based cohort followed for 9 years. The 
prevalence of traditional CAD risk factors including 
diabetes, hypertension and dyslipidaemia was higher in 
patients with RA, SjS, IIM, SSc and SV at the baseline rela-
tive to general population, which is attributable to the 
proportion of older cohort members likely to use more 
medication for CAD. These were important confounding 
factors which may lead to overestimation regarding risk 
of CAD among patients with IMID. After adjustment for 
age, sex, traditional risks of CAD and CAD-related medi-
cations, a marked increase was observed in risk of devel-
oping CAD in patients with RA, SjS, SLE, IIM and SSc 
when compared with their comparisons. CAD has been 
identified as the primary cause of adult deaths within the 
general population,1 25 26 also constituting a major cause 
of death in patients with IMID.5 27–33

Although atherosclerotic CV events have been 
declining in older adults, the proportion of AMI hospi-
talisations attributable to young patients increased from 
1995 to 2014.3 After adjustment for age, sex, traditional 
risks of CAD and CAD-related medications, a marked 
increase was observed in the risk of developing prema-
ture CAD in patients with SjS, SLE, SSc and SV when 
compared with their comparisons. Our study identifies 
an increase of around 40% in the risk of incident prema-
ture CAD for SjS, a threefold increase for SLE, around a 
threefold rise for SSc and a twofold rise for SV when set 
beside their respective comparisons. The results indicate 
an age-dependent pattern of CAD risk among patients 
with certain IMIDs.

The majority of IMIDs are relatively rare and studies 
evaluating risk factors for premature CAD are limited in 
number and scope. To our knowledge, ours is the first 
study dedicated to examining the risk of hospitalisation 
for premature CAD in individual IMIDs with a nationwide 
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population-based cohort. With recent studies finding that 
concomitant inflammatory and autoimmune disorders in 
younger adults are associated with poor prognoses,20 21 
our work clarifies that greater attention should be paid 
to the younger population. Our study finds that SjS, 
SLE, SSc and SV should be regarded as independent risk 
factors in respect of developing premature CAD. Despite 
currently recommended prevention measures, prema-
ture CAD remains an aggressive disease characterised by 
high rates of recurrent events and mortality.

Our results correspond well with those of previous 
studies establishing a link between individual IMIDs, to 
include RA,5 32 SLE,16 34–36 SSc,17 IIM29 37 and chronic 
inflammation along with increased risk of CAD. An 
age-dependent pattern of CAD risk has previously been 
reported, with higher levels of risk found in younger 
patients with RA and SLE.19 38 39 Premature CAD carries 
a poor long-term prognosis so it is paramount that we 
understand and explain unique risk factors to prevent 
CAD events in younger populations. Systemic inflamma-
tion appears responsible for the elevated risk, whether 
directly due to deleterious effects of endothelial dysfunc-
tion, or indirectly through accentuation of multiple risk 
pathways such as lipid abnormalities.40–42

After adjusting for traditional risk factors and related 
medications, the adjusted HRs for CAD was 1.21 (95% CI 
1.13 to 1.28), and aHD for premature CAD was 1.13 (95% 
CI 0.94 to 1.36) in patients with RA, respectively. The 

results were different from previous studies suggesting 
that patients with RA had increased risk of premature 
atherosclerosis.38 39 In addition to racial and ethnic 
disparities in patients with RA,43 different study designs 
including definitions of study populations, outcomes and 
the baseline covariates among studies, could be the likely 
explanations. Moreover, a previous study indicated the 

Table 3  Traditional risk factors and related medication of 
CAD

All

Adjusted HR (95% CI) P value

IMID 1.30 (1.24 to 1.37) <0.0001

Tradition risk factors of CAD

 � Age 1.06 (1.06 to 1.06) <0.0001

 � Male 1.87 (1.82 to 1.92) <0.0001

 � DM 1.26 (1.19 to 1.34) <0.0001

 � HTN 1.13 (1.08 to 1.17) <0.0001

 � Dyslipidaemia 0.98 (0.94 to 1.02) 0.37

 � Renal failure 1.73 (1.49 to 2.01) <0.0001

 � Atherosclerosis 1.05 (0.92 to 1.19) 0.50

Related medication

 � Steroids 1.17 (1.14 to 1.21) <0.0001

 � Antidiabetics 1.35 (1.26 to 1.43) <0.0001

 � Diuretics 1.28 (1.24 to 1.33) <0.0001

 � Beta-blockers 1.42 (1.37 to 1.47) <0.0001

 � CCB 1.35 (1.30 to 1.40) <0.0001

 � Lipid Lowing agents 1.26 (1.20 to 1.32) <0.0001

 � Aspirin 1.47 (1.42 to 1.52) <0.0001

 � NSAIDs 1.15 (1.12 to 1.19) <0.0001

CAD, coronary artery disease; CCB, calcium channel blocker; DM, 
diabetes mellitus; HTN, hypertension; IMID, immune-mediated 
inflammatory disease; NSAID, non-steroid anti-inflammatory drug.

Figure 1  Cumulative incidences of coronary artery disease 
in patients with immune-mediated inflammatory disease 
estimated with the Kaplan-Meier method (A) and by men 
age <45 and women age <50 (B) or men age ≥45 and women 
age ≥50 y/o (C). BD, Behcet’s disease; IIM, idiopathic 
inflammatory myositis; RA, rheumatoid arthritis; SjS, 
Sjogren’s syndrome; SLE, systemic lupus erythematosus; 
SSc, systemic sclerosis; SV, systemic vasculitis.
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hospitalisations rate for CAD has fallen since 2004,44 due 
to increased awareness of CAD and preventive treatment. 
Because our study included more recent data (2004–
2016) compared with previous studies (1997–2006), the 
difference of study period could be another possible 
explanation for the inconsistency of results.

The results of our study showed that BD does not 
increase the risk of CAD in all age groups. This is consis-
tent with the findings from previous studies in Taiwan45 
and in the UK.46 However, one study from Korea revealed 
the risk of myocardial infarction was 60% higher for 
patients with BD than for general population.47 The 
likely explanation for the discrepant results is that Korea 
is located along the Silk Road, the vast network of ancient 
trade routes connecting China with the Mediterranean 
Basin including Korea48 where BD is both more common 
and more severe.

A significant strength of our study is the nation-
wide population cohort, facilitated by our access to a 
substantial database of sufficient power for the study 
of rare disease such as premature CAD; in addition, we 
had access to data on CV risk factors, alongside that for 
related use of medication. Third, claims data linked to 
patient assessments for the CIC offers a high degree of 
diagnosis validity, producing a reliable data set and valu-
able opportunity to estimate the incidence of premature 
CAD among patients with specific forms of IMID. Fourth, 
we ruled out all those who had a CAD history traceable 
within 3 years prior to the follow-up period, ensuring 
that we excluded recurrent patients from our study, thus 
avoiding any overestimation of risk regarding CAD.

Like all studies using a claims database, our study is 
subject to an inherited limitation in that the NHIRD were 
not able to show control of different levels of severity/
activity for patients’ IMID, diabetes, hypertension, etc. By 
including in the IMID cohort only those who had applied 
for a CIC, any IMID patients who had not applied will not 
be part of our study; however, since approval for a CIC 
means exemption for copayment, we can assume that the 
number of patients with IMID but no CIC is likely to be 
low. The competing risks of cancers and interstitial lung 
disease are also a concern, but the effect on this study 
is relatively minor since the number of affected patients 
will be very small and is less likely to have influenced the 
results significantly. In using the NHIRD, we did not have 
access to information regarding patient body weight, 
exercise activity, smoking and diet, all of which may also 
have a bearing on the appearance and outcomes of CAD. 
Although we adjusted for the use of steroids and the 
results did not change substantially after adjustments, 
potential confounding effects due to the use of steroids 
should be considered.

CONCLUSIONS
Our study found an increase of 40% in the risk of inci-
dent premature CAD for SjS, a threefold increase for 
SLE, around a threefold rise for SSc and a twofold rise in 

SV when set beside their respective comparisons. These 
findings support essential efforts to improve awareness of 
IMID impacting young adults.
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