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ABSTRACT
Aim  Inflammatory cytokines in patients with rheumatoid 
arthritis (RA) directly affect cardiac electrophysiology by 
inhibiting cardiac potassium currents, leading to delay of 
cardiac repolarisation and QT-prolongation. This may result 
in lethal arrhythmias. We studied whether RA increases the 
rate of out-of-hospital cardiac arrest (OHCA) in the general 
population.
Methods  We conducted a nested case–control in a cohort 
of individuals between 1 June 2001 and 31 December 
2015. Cases were OHCA patients from presumed cardiac 
causes, and were matched with non-OHCA-controls 
based on age, sex and OHCA date. Cox-regression with 
time-dependent covariates was conducted to assess the 
association between RA and OHCA by calculating the HR 
and 95% CI. Stratified analyses were performed according 
to sex and presence of cardiovascular diseases. Also, 
the association between OHCA and use of non-steroidal 
anti-inflammatory drugs (NSAIDs) in patients with RA was 
studied.
Results  We included 35 195 OHCA cases of whom 
512 (1.45%) had RA, and 351 950 non-OHCA controls 
of whom 3867 (1.10%) had RA. We found that RA was 
associated with increased rate of OHCA after adjustment 
for cardiovascular comorbidities and use of QT-prolonging 
drugs (HR: 1.22, 95% CI: 1.11 to 1.34). Stratification by 
sex revealed that increased OHCA rate occurred in women 
(HR: 1.32, 95% CI: 1.16 to 1.50) but not in men (HR: 1.12, 
95% CI: 0.97 to 1.28; P value interaction=0.046). OHCA 
rate of RA was not further increased in patients with 
cardiovascular disease. Finally, in patients with RA, use of 
NSAIDs was not associated with OHCA.
Conclusion  In the general population, RA is associated 
with increased rate of OHCA in women but not in men.

INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) is 
a public health problem that accounts for 
50% of all deaths from cardiovascular causes 
in industrialised countries.1 The majority of 
such deaths are usually caused by cardiac 
arrhythmias.2 Part of cardiac arrhythmia and 
OHCA is explained by known risk factors such 
as ischaemic heart disease and heart failure.2 
However, OHCA risk may also be increased 
by non-cardiac diseases.3

Patients with rheumatoid arthritis (RA) are 
at increased risk of cardiovascular morbidity 
and mortality.4 5 Multiple pathophysiologic 
changes in RA may result in higher cardio-
vascular mortality, in particular, development 
of ischaemic heart disease and heart failure.6 
Yet, the short-term mortality (7-day and 
30-day) following acute coronary syndrome 
is higher in patients with RA than non-RA 
controls, even when type of acute coronary 
syndrome and relevant comorbidities are 
taken into account.7 This implies that the 
higher mortality rates among patients with 
RA can only be partly explained by increased 
event severity and that other factors with 
direct impact on cardiac electrophysiology 
may explain, at least in part, the higher 
cardiovascular mortality observed in these 
patients.8 Indeed, inflammatory cytokines 
(interleukin-1 (IL-1), IL-6 and tumour 
necrosis factor α (TNFα)) prolong the QT-in-
terval (an indicator of cardiac repolarisation) 
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by impacting cardiac potassium channels.8 9 Accordingly, 
this may increase the susceptibility to triggered cardiac 
arrhythmias by early after depolarisations in patients with 
RA. Women in particular, may be more vulnerable to 
QT-prolongation because women have less repolarisation 
reserves than men.10

Using Danish nationwide registries, we studied whether 
RA is associated with increased rate of OHCA. Because 
we expected that women may have higher OHCA rate, 
we stratified our analyses according to sex. Moreover, 
we evaluated the role of important OHCA risk factors, 
that is, cardiovascular disease, by studying the associa-
tion between RA and OHCA in patients with and without 
cardiovascular comorbidities.

METHODS
Study design and population
We conducted a nested case–control study in a nation-
wide cohort of individuals between 1 June 2001 and 
31 December 2015. Cases were OHCA victims from 
presumed cardiac causes. Each OHCA case (index-date) 
was matched with up to 10 non-OHCA controls from the 
general population based on sex, age and index-date. We 
used the same study design previously.11

Data sources and definitions
All Danish residents are assigned a unique identification 
number on birth or immigration. Using this unique iden-
tifier, information at an individual level across different 
nationwide registries can be cross-linked allowing large-
scale research with nationwide coverage. The present 
study was based on data from the following registries: 
(1) the Danish Cardiac Arrest Registry, (2) the Danish 
Civil Registration System, (3) the Danish National Patient 
Register, (4) the National Prescription Register and (5) 
the Danish Register of Causes of Death.12–16 These regis-
tries have been described and used previously.12–16

Patients with OHCA included in this study were drawn 
from the Danish Cardiac Arrest Registry. The Danish 
Cardiac Arrest Registry is a nationwide registry that holds 
information on all OHCAs since June 2001. Since the 
Emergency Medical Services (EMS) is activated for all 
clinical emergencies in Denmark and EMS must fill out a 
case report for every attended OHCA, capture of OHCA 
is nearly complete. The presumed cause of OHCA was 
obtained from death certificates and discharge diagnoses. 
OHCAs with diagnosis codes for cardiac disease, unknown 
disease or unexpected collapse were classified as being 
of presumed cardiac cause. The Danish Civil Registra-
tion System holds information on demographic variables 
and was used to obtain information on patients’ age and 
sex. Information regarding comorbidities was obtained 
from the Danish Patient Registry, which includes infor-
mation on all the hospital contacts. Data on diagnoses 
were coded according to the International Classification 
of Disease 10th edition (ICD-10). Information on drugs 
use was obtained from the National Prescription Register, 

which contains information on dispensed drug prescrip-
tions classified according to the Anatomical Therapeutic 
Chemical Classification (ATC). Finally, data on causes of 
death were retrieved from the Danish Register of Causes 
of Death.

Exposure of interest and covariates
Patients with RA were identified by using primary and 
secondary diagnoses registered in the Danish National 
Patient registry up to 10 years prior to the index date. 
Cardiovascular comorbidity was identified using hospital 
diagnosis up to 10 years before the index-date. Addi-
tionally, concomitant pharmacotherapy was identified 
using ATC codes up to 180 days prior to index date as 
we did previously11 (see online supplemental table 1 
for the ICD-10 and ATC codes). For non-steroidal anti-
inflammatory drugs (NSAIDs), this period was 90 days 
prior to index date because these drugs are generally 
prescribed for shorter periods (see online supplemental 
table 2 for the ATC codes). Finally, diabetes was defined 
as the use of antidiabetic drugs in the period of 180 
days before the index-date, since the diagnosis code of 
diabetes has a low sensitivity in the Danish registries.

Statistical analysis
We used a time-dependent Cox proportional hazards 
regression model to assess the association between RA 
and the rate of OHCA by calculating the HR and the 
associated 95% CI. We calculated both crude estimates 
(univariable analyses) and adjusted estimates (multi-
variable analysis) by adjusting for important OHCA 
risk factors (eg, cardiovascular disease and the use of 
QT-prolong drugs). First, we examined the associa-
tion between RA and the rate of OHCA in the overall 
population. Next, we stratified according to sex and 
the presence of cardiovascular disease. By performing 
stratified analyses according to cardiovascular disease 
our original matching was lost, therefore we addition-
ally adjusted for age and sex in our model. The pres-
ence of interaction on multiplicative scale between RA 
and sex, and between RA and cardiovascular disease was 
estimated by consecutively including the cross-product 
of the two factors as a variable in the model. Further-
more, we studied whether patient characteristics were 
different between cases with and without RA. Finally, we 
studied the association between NSAIDs and OHCA in 
patients with RA to evaluate the role of NSAIDs, since 
an association between NSAIDs and OHCA has been 
reported previously.17

Characteristics of the studied population were 
described in frequencies and percentages for categor-
ical values and in median and IQR for numerical values. 
For the present study, we used the same dataset as we did 
for our previous study.11 Therefore, table 1 with baseline 
characteristics of the studied population is overlapping 
with table 1 from our previous study.11
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RESULTS
The study population consisted of 35 195 OHCA cases 
(median age 72 years, 66.8% men, table 1) and 351 950 
matched non-OHCA controls (figure  1). Compared 
with non-OHCA controls, OHCA cases had generally 
more cardiovascular diseases, such as ischaemic heart 
disease, heart failure, atrial fibrillation, diabetes mellitus, 

cerebrovascular disease and peripheral artery disease 
(table 1). Also, use of cardiovascular drugs and QT-pro-
longing drugs was more prevalent among OHCA cases 
(table  1). The baseline characteristics of OHCA cases 
with and without RA are shown in table  2. Cardiovas-
cular comorbidities were much more prevalent among 

Table 1  Study population characteristics

Cases
(n=35 195)

Controls
(n=351 950)

Age (years), median (IQR) 72 (62–81) 72 (62–81)

Male sex, n (%) 23 519 (66.82) 235 190 (66.82)

Comorbidity, n (%)

 � Ischaemic heart 
disease*

9316 (26.47) 41 992 (11.93)

 � Heart failure 7136 (20.28) 17 285 (4.91)

 � Atrial fibrillation 6102 (17.34) 26 850 (7.63)

 � Diabetes mellitus 5330 (15.14) 27 095 (7.70)

 � Cerebrovascular 
disease

4910 (13.95) 30 224 (8.59)

 � Peripheral artery 
disease

3914 (11.12) 15 798 (4.49)

Concomitant 
pharmacotherapy, n (%)

 � Beta blockers 8569 (24.35) 52 878 (15.02)

 � Calcium channel 
blockers

6978 (19.83) 55 877 (15.88)

 � Antithrombotics 16 075 (45.67) 102 020 (28.99)

 � Diuretics 17 516 (49.77) 107 869 (30.65)

 � Renin–angiotensin 
system inhibitors

13 105 (37.24) 89 481 (25.42)

 � Nitrates 3962 (11.26) 14 416 (4.10)

 � Antiarrhythmic drugs 
class 1 or 3

675 (1.92) 1887 (0.54)

 � QT-prolonging drugs 5857 (16.64) 28 932 (8.22)

Numbers are number (%) unless indicated otherwise.
*Including acute myocardial infarction.

Figure 1  Flow chart of inclusion of out-of-hospital cardiac arrest (OHCA) cases and controls.

Table 2  Characteristics of OHCA cases with and out 
without rheumatoid arthritis

Cases with 
rheumatoid 
arthritis
(n=512)

Cases without 
rheumatoid 
arthritis
(n=34 683)

Age (years), median (IQR) 76 (68–82) 72 (62–81)

Male sex, n (%) 231 (45.12) 23 288 (67.15)

Comorbidity, n (%)

 � Ischaemic heart disease* 181 (35.35) 9135 (26.34)

 � Heart failure 150 (29.30) 6986 (20.14)

 � Atrial fibrillation 105 (20.51) 5997 (17.29)

 � Diabetes mellitus 79 (15.43) 5251 (15.14)

 � Cerebrovascular disease 79 (15.43) 4831 (13.93)

 � Peripheral artery disease 83 (16.21) 3831 (11.05)

Concomitant 
pharmacotherapy, n (%)

 � Beta blockers 150 (29.30) 8419 (24.27)

 � Calcium channel 
blockers

113 (22.07) 6865 (19.79)

 � Antithrombotics 272 (53.13) 15 803 (45.46)

 � Diuretics 324 (63.28) 17 192 (49.57)

 � Renin–angiotensin 
system inhibitors

218 (42.58) 12 887 (37.16)

 � Nitrates 65 (12.70) 3897 (11.24)

 � Antiarrhythmic drugs 
class 1 or 3

14 (2.73) 661 (1.91)

 � QT-prolonging drugs 103 (20.12) 5754 (16.59)

Numbers are number (%) unless indicated otherwise.
*Including acute myocardial infarction.
OHCA, out-of-hospital cardiac arrest.
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cases with RA than cases without RA regarding ischaemic 
heart disease (35.35% vs 26.34%), heart failure (29.30% 
vs 20.14%), atrial fibrillation (20.51% vs 17.29%), cere-
brovascular disease (15.43% vs 13.93%) and peripheral 
artery disease (16.21% vs 11.05%). Also, use of cardiovas-
cular drugs and QT-prolonging drugs was more prevalent 
among cases with RA than cases without RA (table 2).

RA was diagnosed by 512 (1.45%) cases and 3867 
(1.10%) controls, and was associated with increased rate 
of OHCA after adjustments for common OHCA risk 
factors (HR: 1.22, 95% CI: 1.11 to 1.34, figure 2). Strat-
ification according to sex revealed that this increased 

OHCA rate occurred in women (HR: 1.32, 95% CI: 
1.16 to 1.50) but not in men (HR: 1.12, 95% CI: 0.97 to 
1.28; P value interaction=0.046, figure  2). Stratification 
according to cardiovascular disease showed that OHCA 
rate was not further increased in patients with cardiovas-
cular disease (cardiovascular disease: HR: 1.19, 95% CI: 
1.05 to 1.34; no cardiovascular disease: HR: 1.22, 95% CI: 
1.05 to 1.34; P value interaction=0.543, figure  3). Also, 
the HR did not vary by the presence of ischaemic heart 
disease (ischaemic heart disease: HR: 1.14, 95% CI: 0.96 
to 1.35; no ischaemic heart disease: HR: 1.18, 95% CI: 
1.05 to 1.32; P value interaction=0.654, figure 3) or heart 

Figure 2  HR of out-of-hospital cardiac arrest in patients with rheumatoid arthritis compared with individuals without 
rheumatoid arthritis: overall and stratification according to sex. Numbers in table are number (%) unless indicated otherwise. 
Error bars denote 95% CI. HR adjusted for cardiovascular comorbidities and the use of QT-prolonging drugs.

Figure 3  HR of out-of-hospital cardiac arrest in patients with rheumatoid arthritis compared with individuals without 
rheumatoid arthritis: stratification according to cardiovascular disease, ischaemic heart disease and heart failure. Numbers 
in table are number (%) unless indicated otherwise. Error bars denote 95% CI. HR adjusted for age, sex, cardiovascular 
comorbidities and the use of QT-prolonging drugs.
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failure (heart failure: HR: 1.02, 95% CI: 0.84 to 1.24; 
no heart failure: HR: 1.18, 95% CI: 1.06 to 1.32; P value 
interaction=0.218, figure 3). Next, we studied the associ-
ation between use of NSAIDs and OHCA among patients 
with RA (table 3). NSAIDs were used by 110 OHCA cases 
with RA (21.48%) and 873 non-OHCA controls with 
RA (22.58%), and were not associated with increased 
rate of OHCA (HR: 1.03, 95% CI: 0.82 to 1.30, table 3). 
Furthermore, when we studied the association between 
individual NSAIDs and OHCA, we found that none of 
the NSAIDs increased the rate of OHCA (diclofenac: HR 
0.84 (95% CI: 0.43 to 1.63); ibuprofen: HR 1.06 (95% CI: 
0.74 to 1.51); naproxen: HR 1.17 (95% CI: 0.44 to 3.08); 
celecoxib HR: 0.85 (95% CI: 0.38 to 1.90); rofecoxib: HR 
1.80 (95% CI: 0.82 to 3.94)).

DISCUSSION
In this nationwide population-based study, we report 
that RA was associated with increased rate of OHCA. 
This increased rate occurred in women but not in men, 
and persisted after adjustments for common OHCA risk 
factors. Furthermore, there were no significant differ-
ences in OHCA rates between patients with and without 
cardiovascular comorbidities. Finally, use of NSAIDs in 
patients with RA was not associated with higher rate of 
OHCA.

Is RA an independent risk factor for OHCA?
We examined whether our finding was explained by differ-
ences in patient characteristics that may have resulted 
in differences in a priori OHCA rate between patients 
with RA and non-RA controls. Here, we confirmed our 
expectation that cases with patients with RA had more 
cardiovascular comorbidities than cases without non-RA 
controls (table  2). Although systemic inflammation is 
able to accelerate the development of atherosclerosis 
and related ischaemic consequences associated with 
arrhythmias and OHCA,6 the association between RA and 

increased OHCA rate in our study persisted after adjust-
ment for ischaemic heart disease and heart failure. More-
over, stratification according to cardiovascular disease 
revealed no statistical difference in OHCA rates between 
patients with and without cardiovascular comorbidities. 
Given these observations, our data suggest that increased 
OHCA rate is not the result of increased prevalence of 
cardiovascular comorbidities observed in patients with 
RA, but hint to the possibility that other factors with 
direct impact on cardiac electrophysiology may enhance 
the OHCA risk in patients with RA. Indeed, accumulating 
evidence from clinical and pathophysiological data indi-
cates that inflammatory cytokines (IL-1, IL-6 and TNFα) 
directly affect cardiac electrophysiology by inhibiting 
cardiac potassium currents which largely drives cardiac 
repolarisation, and which may lead to QT-prolonga-
tion in patients with RA.8 9 Aromolaran et al showed 
that IL-6 directly inhibits cardiac potassium current Ikr, 
and thereby prolongs the action potential (AP) dura-
tion in ventricular myocytes.18 Wang et al demonstrated 
that TNFα reduced Ikr and prolonged the AP duration 
in a dose-dependent manner, while these effects were 
prevented by anti-TNF receptor antibody.19 In addition, 
previous studies showed that TNFα,20 IL-621 and IL-122 
also prolong the AP duration by enhancing L-type calcium 
current (ICa,L). These findings were supported by clinical 
studies, where longer QT-interval duration in patients 
with RA compared with healthy controls was found.23 
Second, QT-prolongation in RA may also occur by several 
autoantibodies, in particular anti-Ro antibodies, which 
are formed in 5%–15% of patients with RA.9 Indeed, 
anti-Ro antibodies impair cardiac repolarisation by inhib-
iting Ikr and Ito, which may lead to QT-prolongation and 
increase the risk of OHCA.24 Lastly, QT-prolongation may 
also result from dysfunction of the autonomic nervous 
system induced by inflammatory cytokines secondary to 
excessive immune-inflammatory activation.8 9 25 Cytokines 
may increase the sympathetic outflow, leading to an 

Table 3  HR of out-of-hospital cardiac arrest following treatment with non-steroidal anti-inflammatory drugs (NSAIDs) in 
patients with rheumatoid arthritis

Cases
(n=512)

Controls
(n=3867) Crude HR Adjusted HR

No use of NSAIDs 402 (78.52) 2994 (77.42) 1.0 (reference) 1.0 (reference)

Use of NSAIDs 110 (21.48) 873 (22.58) 0.93 (0.74 to 1.17) 1.03 (0.82 to 1.30)

Individual NSAID

 � Diclofenac 10 (1.95) 99 (2.56) 0.75 (0.39 to 1.46) 0.84 (0.43 to 1.63)

 � Ibuprofen 39 (7.62) 294 (7.60) 0.98 (0.69 to 1.39) 1.06 (0.74 to 1.51)

 � Naproxen 5 (0.95) 34 (0.88) 1.09 (0.42 to 2.81) 1.17 (0.44 to 3.08)

 � Celecoxib 7 (1.37) 70 (1.81) 0.74 (0.40 to 1.63) 0.85 (0.38 to 1.90)

 � Rofecoxib 8 (1.56) 38 (0.98) 1.53 (0.71 to 3.31) 1.80 (0.82 to 3.94)

 � Others 38 (7.42) 324 (8.38) 0.87 (0.61 to 1.23) 0.96 (0.67 to 1.38)

Numbers in table are number (%) unless indicated otherwise. HR adjusted for age, sex, cardiovascular comorbidities and the use of QT-
prolonging drugs. Not included users of multiple NSAIDs.
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increase of epinephrine and norepinephrine that inhibits 
macrophage activation and suppress synthesis of TNFα 
and other cytokines.8 9 25 Increased sympathetic system 
may result in cardiac arrhythmias by afterdepolarisations 
and abnormal automaticity25 and increased dispersion of 
repolarisation.26

It has been suggested that NSAIDs were associated with 
increased OHCA risk,17 but this was not confirmed in 
another study.27 These discrepancies may have been the 
result of different study designs. We found no increased 
OHCA rate associated with the use of NSAIDs among 
patients with RA, ruling out the possibility that increased 
OHCA rate may be a result of treatment with NSAIDs.

RA is associated with increased rate of OHCA in women
The results of our study indicate that increased OHCA 
rate associated with RA occurred in women but not in 
men, fitting to the observation that women have less 
repolarisation reserve than men, and therefore are 
more prone to QT-prolongation.10 To our knowledge, 
this finding has not been reported previously. Because it 
forms the basis for a differentiated use of QT-prolonging 
drugs in women and men with RA, the observation is of 
clinical relevance.

Comparison with other studies
Our finding that RA is associated with increased OHCA 
rate is supported by a previous study, where it was reported 
that patients with RA were twice as likely to experience 
sudden cardiac death compared with non-RA controls 
after adjustment for myocardial infarction and revascu-
larisation.5 That study, however, had limited sample size. 
Furthermore, data used in that study relied on inpatient 
and outpatient medical records, and therefore, may have 
omitted patients who died prior to hospital admission. 
Our study resolved these limitations by using a large dedi-
cated OHCA registry in which OHCA patients who died 
before reaching the hospital and those who survived until 
hospital admission were enrolled. Furthermore, the asso-
ciation between RA and OHCA was not studied in women 
and men separately, and therefore, the overall association 
reported in that study may be applicable to women but 
not to men.

Strengths and limitations
The main strength of our study resides in its population-
based design in which large and unselected number of 
OHCA patients were included from complete nation-
wide databases, thereby minimising the risk of inclusion 
and selection bias. Nevertheless, our study has also some 
limitations. A limitation is that we lacked information on 
several risk factors of OHCA such as smoking and body 
mass index which could result in residual bias. Another 
limitation is that misclassification bias may occur since 
not all the diagnostic codes were validated. However, 
most of the used codes in our study have a high positive 
predictive value.

CONCLUSION
In the general population, RA is associated with increased 
rate of OHCA in women but not in men.
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