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ABSTRACT
Objectives  To compare the 1-year, 2-year and 5-year 
incidences of acute coronary syndrome (ACS) in patients 
with rheumatoid arthritis (RA) starting any of the biologic 
disease-modifying antirheumatic drugs (bDMARDs) 
currently available in clinical practice and to anchor these 
results with a general population comparator.
Methods  Observational cohort study, with patients 
from Denmark, Finland, Norway and Sweden starting 
a bDMARD during 2008–2017. Time to first ACS was 
identified through register linkages. We calculated the 
1-year, 2-year and 5-year incidence rates (IR) (on drug 
and ever since treatment start) and used Cox regression 
(HRs) to compare ACS incidences across treatments 
taking ACS risk factors into account. Analyses were 
further performed separately in subgroups defined 
by age, number of previous bDMARDs and history of 
cardiovascular disease. We also compared ACS incidences 
to an individually matched general population cohort.
Results  24 083 patients (75% women, mean age 
56 years) contributing 40 850 treatment courses were 
included. During the maximum (5 years) follow-up (141 
257 person-years (pyrs)), 780 ACS events occurred (crude 
IR 5.5 per 1000 pyrs). Overall, the incidence of ACS in 
RA was 80% higher than that in the general population. 
For all bDMARDs and follow-up definitions, HRs were 
close to 1 (etanercept as reference) with the exception 
of the 5-year risk window, where signals for abatacept, 
infliximab and rituximab were noted.
Conclusion  The rate of ACS among patients with RA 
initiating bDMARDs remains elevated compared with the 
general population. As used in routine care, the short-
term, intermediate-term and longer-term risks of ACS 
vary little across individual bDMARDs.

INTRODUCTION
Patients with rheumatoid arthritis (RA) are at 
increased risk of cardiovascular (CV) diseases 
(CVDs), presumably due to a higher prevalence of 
traditional CV risk factors, effects of the inflamma-
tory disease and, potentially also, direct or indirect 
effects of its treatment.1–9 Efficacious treatment of 
RA inflammation should reduce CV disease burden 
in RA,10–13 but while the absolute risks of CV events 
in the general population and in cohorts of patients 
with RA have declined substantially during the past 

decades, studies from recent years suggest that a 
gap in CV risk remains between these two popu-
lations.5 14–18

Antirheumatic therapies (here: biologic (b)/
targeted synthetic (ts) disease-modifying anti-
rheumatic drugs (DMARDs)) potentially play a 
role for (closing of) the gap.6 Besides suppressing 
RA-related inflammation, different b/tsDMARDs 
(as well as conventional synthetic DMARDs, oral 
corticosteroids or non-steroidal anti-inflammatory 
drugs (NSAIDs)) have by themselves been linked 
to detrimental as well as beneficial effects on CV 
disease risks.10 12 13 19–22 For instance, tumour 
necrosis factors inhibitors (TNFis) may aggra-
vate heart failure, tocilizumab and rituximab may 

Key messages

What is already known about this subject?
	⇒ Patients with rheumatoid arthritis (RA) are at 
increased risk of acute coronary syndrome (ACS) 
and other cardiovascular diseases, but how 
different biologic/targeted synthetic disease-
modifying antirheumatic drugs (b/tsDMARDs) 
compare to each other with regard to these 
risks remains unclear, and most studies have 
compared risks with one b/tsDMARD to another 
rather than all available b/tsDMARDs to each 
other.

What does this study add?
	⇒ In this Nordic collaborative study, we 
demonstrate that patients with RA initiating 
b/tsDMARDs in routine care are at an 80% 
more elevated risk of ACS than the general 
population, but as used in routine care, the 
short-term, intermediate-term and longer-
term risks of ACS vary little across individual 
bDMARDs.

How might this impact on clinical practice or 
future developments?

	⇒ As used in routine clinical practice, the short-
term, intermediate-term and longer-term 
incidences of ACS vary little across individual 
bDMARDs.
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alter lipid levels and Janus kinase inhibitors may also induce 
lipid alterations.10 23–25 In the relative absence of head-to-head 
CV prevention trials of all DMARDs against each other in RA, 
observational studies have assessed various aspects of CV risks 
related to biologic DMARDs (bDMARDs), with somewhat 
varying results.10 11 However, most of the studies on this topic 
have compared one drug or one class of drugs (eg, TNFi to 
csDMARDs) to another, rather than comparing all individual 
drugs,6 20 26 while from a clinical decision-making point of view, 
results on individual drugs could also be of interest. Further, 
long-term studies on CV risks with b/tsDMARDs are sparse.12 13

For these reasons, we aimed to study the short-term (1 year), 
intermediate-term (2 years) and longer-term (5 years) inci-
dences of acute coronary syndrome (ACS) in patients initiating 
b/tsDMARDs, taking relevant other factors into account. We 
further compared the ACS incidences in this RA population to 
the general population.

SUBJECTS AND METHODS
Design and setting
We performed an observational cohort study using prospectively 
collected individual-level data from the clinical rheumatology 
registers in Denmark (DANBIO), Finland (ROB-FIN), Norway 
(NOR-DMARD) and Sweden (SRQ-ARTIS).27–31 In each 
country, linkages of the clinical data to other national registers 
were performed in order to identify data on past and incident 
ACS events, covariates (see definitions below), emigration and 
vital status throughout the study period from 1 January 2008 (1 
January 2009 for Norway) to 31 December 2017.30

Study population and exposure
We defined ten drug-specific treatment cohorts as all initiators 
of: adalimumab, certolizumab pegol, etanercept, golimumab, 
infliximab, abatacept, rituximab, tocilizumab, baricitinib and 
tofacitinib (the low number of patients and the short follow-up 
precluded meaningful analyses of the latter two drugs). One 
patient could contribute to several treatment cohorts (eg, a 
patient starting etanercept, later switching to tocilizumab, 
contributed to both cohorts). For all treatments, the number 
of previous b/tsDMARDs the patient had been exposed to was 
retrieved. Patients were included irrespective of history of isch-
aemic heart disease, including ACS.

Outcome
In each cohort, ACS during follow-up was defined as the first 
registered event of hospitalisation due to either unstable angina 
(International Classification of Diseases 10th Revision (ICD-
10) I20.0) or acute myocardial infarction (MI) (transmural 
MI ICD-10 I21.0, I21.1, I21.2, I21.3; subendocardial MI 
ICD-10 I21.4; unspecific MI I21.9), as identified via linkage to 
the national patient registers.30 In Sweden, the definition also 
included deaths stating ICD-10 I21 or I20.0 as main cause.

Covariates
Using the registers’ linkage,30 we identified baseline (ie, at treat-
ment start) covariates for each treatment cohort: demographics 
(eg, sex), clinical (eg, C reactive protein (CRP)), comedication 
(eg, methotrexate), comorbidities (eg, history of a thromboem-
bolic event) and related medications (eg, use of anticoagulants) 
and other information (eg, number of previous hospitalisations), 
see online supplemental table 1.

Follow-up and risk windows
For each treatment cohort, follow-up began at the start of the b/
tsDMARD in question. Any treatment interruption (of the same 
drug) shorter than 3 months was disregarded. Since patients are 
recorded as being on a specific treatment rather than with, for 
example, their dates of dispensation, the treatment interruptions’ 
rule did not affect the handling of rituximab data. We made no 
distinction between originator products and their biosimilars.

We applied five different definitions of the follow-up. First, (1) 
we used an ‘on-drug’ approach with follow-up stop being defined 
as the first of: first registered ACS, emigration, death, 90 days 
after any discontinuation of the treatment under study, 2 years 
after treatment start and end of the study period and (2) same as 
(1) but 5 years (instead of 2 years) after treatment start. Then, 
an ‘ever since treatment start’ approach was used in which any 
drug discontinuation disregarded was also used with a maximum 
of (3) 1-year, (4) 2-year and (5) 5-year follow-up (online supple-
mental figure 1). The ‘on-drug’ approach is conceptually similar 
to an ‘as-treated’ approach used in randomised controlled trials 
(RCT), while the ‘ever since treatment start’ is similar to an 
intention-to-treat approach.32 This latter approach could result 
in one event being attributed to more than one medication.

General population comparator
We identified general population cohorts (available in Denmark 
and Sweden only) and (through the same type of register link-
ages) ACS events within these cohorts. We selected each RA 
patient’s first b/tsDMARD-treatment record to define a cohort of 
unique RA patients. The general population comparator cohort 
was individually matched (1:10 in Denmark and 1:5 in Sweden) 
to these, on sex, age and area of residence. As for the patients 
with RA, general population controls were included irrespective 
of history of ischaemic heart disease, including ACS.

Statistical analyses
Online supplemental table 2 contains an overview of the anal-
yses performed according to pooling of data across countries 
and follow-up definitions. We assessed descriptive statistics 
at baseline for each treatment cohort and in each country, 
in each country (pooling treatments) or for each treatment 
(pooling countries). Because of the low number of patients and 
follow-up, the baricitinib and tofacitinib cohorts were only 
included in this descriptive part. For the bDMARD cohorts, 
we computed the number of ACS events, follow-up-times at 
risk and crude incidence rates (IRs) of ACS in each treatment 
cohort, for the five follow-up definitions and per country and 
treatment. We compared the association between individual 
bDMARDs and incident ACS using Cox regression, with etaner-
cept as reference, time since treatment start as time scale and 
a robust sandwich estimator to account for the correlated data 
structure. Further, as statistical heterogeneity among countries 
for each treatment was low (I2 statistic<25%), analyses were 
performed on pooled data and stratified by country (ie, strati-
fied Cox). We used four successively adjusted analyses models: 
model 1 provided crude HRs (ie, the relative rates as observed 
in the clinic); model 2 adjusted for age, sex and calendar 
period of bDMARD start (2008–2013 vs 2014–2017); model 
3 additionally included the number of previous b/tsDMARDs, 
history of ACS, RA seropositivity and CRP level and model 4 
additionally adjusted for smoking, number of hospitalisations, 
accumulated dose of prednisolone, concomitant use of metho-
trexate, history of hypertensive or cardiac disease (other than 
ACS), thromboembolic or cerebrovascular events, presence of 
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diabetes, presence of at least one among the five following 
diseases/comorbidities: kidney disease, affective disorder, 
chronic obstructive pulmonary disease (COPD), hospitalised 
infection and cancer and prescription of at least one of the five 
following drugs: anticoagulants, aspirin, ACE, beta-calcium 
and lipid-lowering drug. Norwegian data were missing infor-
mation on several of these variables and were not included in 
model 4. Variables included for adjustment were measured at 
baseline and predetermined. Smoking and RA seropositivity 
included a ‘missing’ category. CRP was categorised in quartiles 
and a ‘missing’ category was added to these. Otherwise, no 
imputation was performed for other variables. In all tabula-
tions, cells with less than five ACS events are displayed as ‘N/A’ 
and no HRs were assessed. Data analyses were performed in 
SAS, V.9.4.

Separate analyses in subgroups of patients
We performed the same Cox analyses separately by age (18–64 
vs 65 years or older), number of previous b/tsDMARDs (none, 
one, two or more) and presence (yes vs no) of history of any 
CVD. For this latter analysis, a more extensive definition was 
applied to rule out previous CV risk and included history of 
hypertensive or cardiac disease (ACS and other), thrombo-
embolic or cerebral event or prescription of anticoagulants, 
aspirin, ACE, beta-calcium or lipid-lowering drug. Addi-
tionally, the 5-year ‘on-drug’ analyses by treatment cohort 
were performed restricted to patients starting their first ever 
bDMARD.

Comparison with the general population
In the Cox analyses, the general population individuals and 
their index RA patients were followed up from treatment start 
of the index RA patient (irrespective of which b/tsDMARD 
was started) and onwards using an ever since treatment start 
approach with no imposed limit (other than the study period) 
in the follow-up duration. The Cox regression was run sepa-
rately for the two countries with attained age as time scale, 
stratified on the matching variables and adjusted for history of 
previous ACS. In addition, the same analysis was performed 
for each bDMARD treatment cohort separately.

Patients’ involvement
This study was performed within the context of a Nordic rheu-
matology registers collaboration, which employed a patient 
representatives panel.

RESULTS
Baseline characteristics
Overall, 24 083 patients were included (75% women, mean age 
56 years) initiating 40 850 treatment courses. Of these, etaner-
cept was the most common (10 866, 27% of all treatments 
courses), followed by adalimumab (14%), infliximab (13%), 
rituximab (12%), tocilizumab (10%), certolizumab pegol (9%), 
abatacept (9%), golimumab (6%) and baricitinib and tofaci-
tinib (<1%). Overall, 47% of all treatment episodes were from 
Sweden (19 090 treatment episodes), 34% from Denmark and 
Finland and Norway contributed 14% and 6%, respectively. 
Overall, 60% of the treatment starts represented a first ever b/
tsDMARD start and 20% a second.

Descriptive statistics for individual b/tsDMARD treatments 
(all countries pooled) are displayed in table 1. Patients starting 
rituximab tended to be older (median 62 years) than patients 

receiving other b/tsDMARDs (median ranging from 55 to 59 
years). Compared with patients starting a TNFi, patients starting 
a non-TNFi bDMARD generally presented somewhat higher 
values for clinical variables (CRP, erythrocyte sedimentation 
rate, patient’s global health assessment, pain, health assessment 
questionnaire and disease activity score with CRP (DAS28CRP)), 
had been exposed to more previous b/tsDMARDs and more 
often had comorbidities (COPD, diabetes, history of CV event, 
history of kidney disease and history of infection). Overall, 30% 
of the patients on rituximab had a history of hypertensive or 
cardiac disease, while this proportion was less than 20% for 
patients on TNFi and between 20% and 25% for the other non-
TNFi bDMARDs and tsDMARDs. Patients starting a tsDMARD 
or non-TNFi bDMARD had a larger accumulated dose of pred-
nisolone than patients starting a TNFi. Intercountry differences 
were small, overall and by treatment (online supplemental tables 
3 and 4).

Occurrence of ACS
During the maximum follow-up (5 years, ever since treatment 
start) amounting to 141 257 person-years (pyrs), we observed 
a total of 780 incident ACS events, corresponding to a crude 
IR of 5.5 per 1000 pyrs. The 5-year ‘on-drug’ crude IR was 
similar. The corresponding numbers for the shortest follow-up 
definition (1 year, ever since treatment start) were 215 incident 
ACS during 38 102 pyrs and a crude IR of 5.6 per 1000 pyrs 
(table  2). For almost all follow-up definitions, rituximab was 
associated with the highest crude ACS incidences, table 2 and 
online supplemental table 5.

Comparison of risks (HR) in individual bDMARDs
Online supplemental table 6 displays crude and successively 
adjusted HRs, by treatment and by follow-up definition. Across 
all comparisons (ie, all follow-up definitions), there was a 
consistent pattern of statistically significantly elevated HRs for 
abatacept and rituximab in crude models (HRs ranging from 
1.6 to 2.3) the magnitude of which decreased and lost its statis-
tical significance with successive adjustments, so that in the 
fully adjusted model, HRs for abatacept and rituximab ranged 
between 1.1 and 1.3. The HRs for infliximab increased slightly 
with increasing length of follow-up, reaching 1.49 (1.08–2.05) 
for the 5-year follow-up ‘on drug’. For the other bDMARDs, 
HRs were close to 1 (online supplemental table 6 and figure 1).

Separate analyses in subgroups of patients defined by the 
number of previous b/tsDMARds showed that, among patients 
starting their first or second bDMARD, none of the drugs were 
more (nor less) associated with ACS, with the exception of 
abatacept (‘on-drug’ analysis only) (online supplemental table 7, 
upper panel and figure 2). By contrast, among patients starting 
their third or more bDMARD and followed up for 5 years, all 
HRs were higher with the HRs for abatacept, infliximab and 
rituximab borderline or statistically significantly increased 
(figure  2). The analyses performed by age group (18–64 and 
65+ years) provided results similar to the main analysis (online 
supplemental table 7, median panel and figure 2). Excluding all 
patients with a history of any CVD resulted in a pattern of HRs 
largely similar to those of the main analysis (online supplemental 
table 7, lower panel and figure  2). Finally, in patients with a 
history of any CVD, all HRs were close to one with the excep-
tion of infliximab for which the HR was 1.49 (1.02–2.18) for 
the 5-year follow-up, ‘on-drug’ approach (online supplemental 
table 7, lower panel and figure 2).
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Comparison with the general population
Pyrs, mean follow-up times and crude incidences of ACS for 
the general population comparator cohorts were 304 612 pyrs, 
4.8 years and 2.4/1000 pyrs for Denmark and 239 873 pyrs, 
4.5 years and 3.6/1000 pyrs for Sweden, which, compared with 
the RA populations (37 175 pyrs, 5.1 years and 4.5/1000 pyrs 
in Denmark and 51 193 pyrs, 4.4 years and 6.6/1000 pyrs in 
Sweden) resulted in HRs (95% CI) of 1.8 (1.5–2.1) for Denmark 
and 1.8 (1.6–2.0) for Sweden, taking the matching factors 
(age, sex and calendar time) and history of ACS into account. 
Treatment-specific analyses showed that every bDMARDs were 
associated with a higher IR of ACS compared with the general 

Table 2  Number of events per person-years (pyrs), crude incidence rates (IRs) (95% CIs) per 1000 pyrs in each treatment cohort, for 1-year, 2-year 
and 5-year follow-up lengths, ‘on-drug’ and ‘ever since treatment start’ follow-up definitions

bDMARD

Two-year follow-up,
‘on drug’

Five-year follow-up,
‘on drug’

One-year follow-up,
‘ever since treatment start’

Two-year follow-up,
‘ever since treatment start’

Five-year follow-up,
‘ever since treatment start’

Event/pyrs

Crude IR/1000 
pyrs
(95% CI) Event/pyrs

Crude IR/1000 
pyrs
(95% CI) Event/pyrs

Crude IR/1000 
pyrs
(95% CI) Event/pyrs

Crude IR/1000 
pyrs
(95% CI) Event/pyrs

Crude IR/1000 
pyrs
(95% CI)

TNFi

 � Etanercept 70/13 411 5.2
(4.1 to 6.6)

98/21 326 4.6
(3.8 to 5.6)

49/9885 5.0
(3.8 to 6.6)

91/17 922 5.1
(4.1 to 6.2)

175/35 917 4.9
(4.2 to 5.7)

 � Adalimumab 31/7669 4.0
(2.8 to 5.8)

54/12 704 4.3
(3.3 to 5.6)

27/5613 4.8
(3.3 to 7.0)

50/10 887 4.6
(3.5 to 6.1)

115/24 093 4.8
(4.0 to 5.7)

 � Certolizumab 
pegol

20/4633 4.3
(2.8 to 6.7)

27/6871 3.9
(2.7 to 5.7)

15/3718 4.0
(2.4 to 6.7)

29/7158 4.1
(2.8 to 5.8)

54/14 158 3.8
(2.9 to 5.0)

 � Golimumab 7/3262 2.2
(1.0 to 4.5)

15/5088 3.0
(1.8 to 4.9)

7/2349 3.0
(1.4 to 6.3)

14/4534 3.1
(1.8 to 5.2)

40/9006 4.4
(3.3 to 6.1)

 � Infliximab 40/6602 6.1
(4.4 to 8.3)

67/9462 7.1
(5.6 to 9.0)

22/4994 4.4
(2.9 to 6.7)

48/9225 5.2
(3.9 to 6.9)

106/17 803 6.0
(4.9 to 7.2)

Non-TNFi bDMARD

 � Abatacept 36/4352 8.3
(6.0 to 11.5)

49/6099 8.0
(6.1 to 10.6)

26/3356 7.8
(5.3 to 11.4)

50/6164 8.1
(6.2 to 10.7)

70/10 795 6.5
(5.1 to 8.2)

 � Rituximab 64/6663 9.6
(7.5 to 12.3)

98/10 993 8.9
(7.3 to 10.9)

51/4466 11.4
(8.7 to 15.0)

82/8335 9.8
(7.9 to 12.2)

158/16 619 9.5
(8.1 to 11.1)

 � Tocilizumab 26/5030 5.2
(3.5 to 7.6)

36/7771 4.6
(3.3 to 6.4)

18/3721 4.8
(3.1 to 7.7)

34/6869 5.0
(3.5 to 6.9)

62/12 866 4.8
(3.8 to 6.2)

‘On drug’: follow-up ended at acute coronary syndrome (ACS) event, censoring or treatment discontinuation. ‘Ever since treatment start’: follow-up ended at ACS event or censoring (ie, treatment 
discontinuation was disregarded).
b/tsDMARD, biologic or targeted synthetic disease-modifying antirheumatic drug; TNFi, tumour necrosis factors inhibitor.

Figure 1  Number of events, person-years (pyrs), crude incidence rates 
per 1000 pyrs for each bDMARD treatment cohort, HRs obtained from 
Cox analyses (95% CIs), using etanercept as reference, for the shortest (, 
ever since treatment start, 1-year) and the longest (ever since treatment 
start, 5 years) risk windows. *Rate: rate per 1000 pyrs. ABA, abatacept; 
ADA, adalimumab; bDMARD, biologic disease-modifying antirheumatic 
drug; CTZ, certolizumab pegol; ETA, etanercept; GOL, golimumab; INF, 
infliximab; RIT, rituximab; TCZ, tocilizumab.

Figure 2  HRs obtained from Cox analyses (95% CIs), comparing 
the rates for each bDMARD to that for etanercept, for a 5-year 
follow-up length, and fully adjusted model (model 4). Analyses were 
performed separately on subgroups defined by (A) number of previous 
b/tsDMARDs (no vs one vs two or more), ‘on-drug’ and ‘ever since 
treatment start’ approaches, (B) age (18–64 vs 65+ years), ‘on drug’ and 
(C) history of cardiovascular disease (CVD) (without vs with), ‘on drug’.
ABA, abatacept; ADA, adalimumab; b/tsDMARDs, biologic/targeted 
synthetic disease-modifying antirheumatic drugs; CTZ, certolizumab 
pegol; ETA, etanercept; GOL, golimumab; INF, infliximab; RIT, rituximab; 
TCZ, tocilizumab.
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population (online supplemental table 8). The HR (95% CI) for 
etanercept was around 1.5 in both countries.

DISCUSSION
In this study of almost 41 000 treatment episodes of bDMARDs 
and covering population-based data from four Nordic coun-
tries, we observed that the IR of ACS in patients with RA initi-
ating treatment with a bDMARD was around 80% higher than 
in the general population. Comparing the bDMARDs to each 
other, we noted little differences in ACS rates in the short and 
intermediate terms. In the longer term, initiation of abatacept, 
infliximab and rituximab was associated with a moderately 
increased rate of ACS, a finding which remained when patients 
with previous CVD were excluded, but was largely confined to 
patients starting their third or later b/tsDMARD.

Numerous studies have addressed aspects of CVD in patients 
with RA in relation to treatment, many of them reporting on 
beneficial effects of DMARDs (including methotrexate, TNFis 
and other bDMARDs) on CV risk factors such as glucose, choles-
terol or lipid metabolism, blood pressure, endothelial function 
and arterial stiffness.12 13 21 22 33–36 Most studies focusing on 
the association between treatment and CV risk have compared 
groups of drugs rather than individual ones, at least with regard 
to TNFis. Compared with non-bDMARDs, TNFis have a posi-
tive effect on the risk of CV events,10 11 20 37–39 in particular 
among responders;39–41 tocilizumab has been reported to exert 
marginally superior effects on CV outcomes compared with 
TNFis,10 12 13 but results are conflicting.25 42–44 No detrimental 
effect on CV outcomes of abatacept or rituximab have been 
reported.12 13 42 One study reported greater benefit for TNFi 
non-responders who, as next bDMARD, received tocilizumab or 
abatacept instead of rituximab.45

The observed increased risk for abatacept, infliximab 
and rituximab in our study might be explained by residual 
confounding or confounding by indication. Patients on abata-
cept and rituximab had more comorbidities and longer disease 
duration with potentially longer exposure to inflammation, 
which is associated with CV risk.46 As expected, adjusting for 
relevant factors generally led to a considerable attenuation of the 
strength of the association, but we cannot formally disentangle 
whether our results indicate an interaction (ie, that the ‘true’ risk 
of certain bDMARDs varies across subsets of patients with RA as 
defined by their treatment history) or reflect residual channelling 
bias. The potential protective effect of tocilizumab against ACS, 
as reported in Atzeni et al,13 was not clearly supported by our 
results and remains to be clarified. Lastly, compared with the 
study by Xie et al,42 which also compared individual bDMARDs 
(although with some differences in the source populations), the 
HRs in our study were generally closer to 1 and with narrower 
95% CI.

Our study has limitations. Although we had access to ample 
data on comorbid conditions, demographics and clinical char-
acteristics, we lacked information on socioeconomic data such 
as education level, sick leave and disability pension. We did not 
have information on concomitant NSAIDs or Cyclooxygen-
ase-2 (COX-2) inhibitors. We also had too little data to allow 
any meaningful comparison of ACS risk in patients treated 
with tsDMARDs, for which the CV safety profile is currently 
questioned.7 13 24 25 47 The comparison of patients with RA with 
the general population included patients with RA starting a b/
tsDMARD treatment, hence representing the subset of the entire 
pool of RA ill enough to need a b/tsDMARD yet fit enough to 
be presumed to tolerate such treatment. The ACS definition also 

varied somewhat between countries which could impact the IRs 
but not the HRs as Cox analyses were stratified on the country 
variable. We also used ACS, which is a clinically well-defined 
entity, as outcome instead of the more heterogeneous composite 
'major cardiovascular event' (MACE), in order to further reduce 
the potential for country-specific variations in the outcome 
construct, but limited the comparability of our results to, for 
example, trials using MACE as its single CV outcome.

Our study has several strengths, including its setting (the 
built-in possibility to compare and pool across five large RA 
source populations), its large number of subjects and events and 
the possibility to compare risks across different strata of patients 
and follow-up times. The use of register linkages and previously 
developed algorithms to define ACS and other variables ensured 
an independent (from exposure) assessment of ACS events, low 
risk of misclassification of exposure, outcomes and covariates 
and allowed adjustments for many potential confounders. Data 
on general population comparator subjects enabled contextual-
ising of our findings. We employed multiple definitions of risk 
windows to enable assessment of both short-term, intermediate-
term and longer-term risks. Finally, with the exception of 
tsDMARDs, our study allowed evaluation of risks by all clini-
cally available bDMARD options rather than by one (drug or 
class) versus one other, the former being a reasonable point of 
departure from a clinical decision-making point of view.

To conclude, as used in routine care, the risks of ACS in 
patients with RA starting a bDMARD vary little across individual 
drugs for short and intermediate terms. This most likely also 
applies to the longer term despite signals of higher ACS inci-
dence that are most probably linked to the treatment context 
including patient-related factors rather than to the drug per se. 
Thus, our results suggest that in RA treated with bDMARDs, 
the bDMARD used does not seem to matter for the risk of ACS.
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