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Serious adverse events and the risk of stroke in
patients with rheumatoid arthritis: results from the

German RABBIT cohort

Y Meissner,' A Richter,' B Manger,” HP Tony,” E Wilden,* ) Listing,' A Zink,

A Strangfeld’

ABSTRACT

Objective In the general population, the incidence

of stroke is increased following other serious events

and hospitalisation. We investigated the impact of
serious adverse events on the risk of stroke in patients
with rheumatoid arthritis (RA), taking risk factors and
treatment into account.

Methods Using data of the German biologics register
RABBIT (Rheumatoid Arthritis: Observation of Biologic
Therapy) with 12354 patients with RA, incidence rates (IRs)
and risk factors for stroke were investigated using multi-
state and Cox proportional hazard models. In addition, in

a nested case—control study, all patients with stroke were
matched 1:2 to patients with identical baseline risk profile
and analysed using a shared frailty model.

Results During follow-up, 166 strokes were reported.
The overall IR was 3.2/1000 patient-years (PY) (95% Cl
2.7 t0 3.7). It was higher after a serious adverse event
(IR: 9.0 (7.3 to 11.0)), particularly within 30 days after
the event (IR: 94.9 (72.6 to 121.9)). The adjusted Cox
model showed increased risks of age per 5 years (HR: 1.4
(1.3 to 1.5)), hyperlipoproteinaemia (HR: 1.6 (1.0 to 2.5))
and smoking (HR: 1.9 (1.3 to 2.6)). The risk decreased
with better physical function (HR: 0.9 (0.8 to 0.96)). In
the case—control study, 163 patients were matched to
326 controls. Major risk factors for stroke were untreated
cardiovascular disease (HR: 3.3 (1.5 to 7.2)) and serious
infections (HR:4.4 (1.6 to 12.5)) or other serious adverse
events (HR: 2.6 (1.4 to 4.8)).

Conclusions Incident adverse events, in particular
serious infections, and insufficient treatment of
cardiovascular diseases are independent drivers of the
risk of stroke. Physicians should be aware that patients
who experience a serious event are at increased risk of
subsequent stroke.

INTRODUCTION

Cerebrovascular diseases are a major health concern
worldwide representing the second most common
cause of death and the most frequent reason for
disability.! Two main types are distinguished—
ischaemic and haemorrhagic strokes—depending
on their aetiology. In the general population, risk
factors for stroke are divided into non-modifi-
able such as age, gender, family predisposition or
genotype and modifiable such as management of
underlying comorbidities (eg, hypertension) or life-
style (eg, smoking).”* Recently, elevated levels of
the cytokines tumour necrosis factor (TNF)-alpha
and interleukin 6, as well as of high-sensitivity

C reactive protein (CRP) were discussed addition-
ally as ischaemic stroke promoters.’

Compared with the general population, the risk
of stroke is higher in patients with rheumatoid
arthritis (RA). A recently published meta-analysis
states significantly higher risks for ischaemic (OR:
1.64) and haemorrhagic (OR: 1.68) strokes in
patients with RA.* Nonetheless, investigations of
risk factors for stroke in RA are scarce. In a matched
case—control study, ischaemic stroke was predicted
by RA severity and prevalent comorbidities.” Other
authors identified elevated erythrocyte sedimenta-
tion rate (ESR)®” and CRP values’ as risk factors for
ischaemic stroke.

Novel approaches in the general population
have taken precedent adverse events (AEs) into
account and showed significant associations of
incident stroke with infections,® ° hospitalisation'®
and cancer.'" The authors hypothesised patho-
genic mechanisms of serious infections, dehydra-
tion during hospitalisation and pathophysiological
complications of cancer as triggering events for
stroke.

These findings suggest that prior AEs should
also be considered in RA as possible triggers for
stroke in addition to known risk factors. Calabrese
et al'* found a time-dependent risk for stroke after
herpes zoster, being highest within the first 90 days
after diagnosis. So far, it is unclear whether similar
mechanisms or pathways also apply to other AEs in
patients with RA.

The aim of our study was to investigate risk
factors for non-haemorrhagic stroke in patients with
RA using data of a large observational cohort study.
We were interested in the impact of RA-specific
disease characteristics such as inflammation, treat-
ment with conventional synthetic (cs) or biolog-
ical (b) disease-modifying antirheumatic drugs
(DMARD:s) and the role of other AEs regarding the
risk to develop stroke. To address confounding by
different risk profiles in patients with and without
stroke, we performed a nested case—control study
which allowed controlling for known risk factors.

PATIENTS AND METHODS

Data source and assessments

Data of the German biologics register RABBIT
(Rheumatoid Arthritis: Observation of Biologic
Therapy), a prospective cohort study, were used.
Patients with RA are enrolled when starting treat-
ment with a bDMARD or c¢sDMARD after at least
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one csDMARD failure. Clinical-derived and patient-derived data
are reported at predefined time points of follow-up (baseline, at
3 and 6 months, thereafter every 6 months). Regularly collected
data comprise disease activity measures, treatment details (eg,
start/stop dates of DMARDs and dosages of glucocorticoids) and
AEs. Rheumatologists are requested to give additional informa-
tion about serious AEs (SAEs) and to provide hospital discharge
letters.

Comorbidities and whether they were medically treated were
reported by the rheumatologists at baseline. Among others,
patients specified their physical function (Hannover Functional
Status Questionnaire (FFbH)'®) and their global health. Further
details of RABBIT were reported elsewhere.'*'® The study
protocol of RABBIT was approved by the ethics committee of
the Charité University Medicine Berlin. Patients have to give
their written informed consent prior to enrolment.

Outcome definition
All incident cerebrovascular events reported until 31 October
2015 were reviewed by the study physician of RABBIT (AS).
Events were categorised as ischaemic, haemorrhagic and unclas-
sified strokes as well as transient ischaemic attacks (TTAs) and
subarachnoid haemorrhages. Only the first event of a non-hae-
morrhagic stroke (ischaemic or unclassified strokes or TIAs) in a
patient was considered in this analysis.

In addition, all reported AEs apart from stroke classified
as being serious according to the International Council for

Cohort
N=13,310
(until October 31°* 2015)

Exclusion: stroke prior to baseline

n=190

+ | Exclusion: patients w/o follow-up

d n=723

\ 4
Reported strokes
n=206
Neohort=12,191
Exclusion:

Evaluationv » - event date not available (n=2)

5 - missclassification (n=>5)
Evaluated strokes

n=199

Neohort=12,191

Exclusion of haemorrhages
N n=33
7| - haemorrhagic strokes (n=22)
v - subarachnoid haemorrhages (n=11)
Matching®
n=166

- ischaemic (n=99, non-matched n=2)
- TIAs (n=45, non-matched n=0)
- unclassified (n=19, non-matched n=1)

Neontrols=326 | Neohort=11,865

Figure 1 Flow chart for patient selection and matching. *Diagnoses of
evaluated events are listed in the online Supplementary table 1. *Cases
were matched to potential controls in a 1:2 manner using the following
criteria: gender, age at baseline (+5 years), enrolment episode (2001—
2006 and 2007-2015), four baseline comorbidities (hypertension,
coronary heart disease, heart failure and diabetes) and smoking habits
(never and ever/unknown). Patients with no possible matching are listed
in the online Supplementary table 2. TIA, transient ischaemic attack;
w/o, without.

Harmonisation (ICH) definition'” with event dates either
reported by rheumatologists or from hospital discharge letters
were investigated. We categorised the SAEs into: infections,
cardiovascular (CV) events but not stroke, surgeries and all
remaining SAEs.

Study design: cohort study and nested case—control study

Risk factors for stroke were first analysed with data from the
entire cohort. Second, we performed a nested case—control
study. Patients who developed a stroke were selected as cases.
We applied an extensive matching algorithm with a 1:2 ratio
(one case: two controls; they form one cluster). Exact agree-
ment of cases and their controls was required regarding gender,
hypertension, coronary heart disease, heart failure, diabetes,
smoking habits (never vs ever/unknown) and enrolment episode
(2001-2006 and 2007-2015). Age had to be similar in cases and
controls (%35 years). Eligible controls had to be under observa-
tion at the date of stroke of the matching case (index date).

Definition of treatment exposure

Treatment with DMARDs was categorised into (1) TNF-inhibi-
tors (TNFi) (adalimumab, certolizumab, etanercept, golimumab
and infliximab), (2) other bDMARDs (abatacept, anakinra,
rituximab and tocilizumab) and (3) csDMARD:s. In (1) and (2),
a combination with ¢sDMARDs was possible; group (3) was
exclusively treated with one or more c¢sDMARD(s). Patients
were considered to be exposed to a certain bDMARD up to
3 months after treatment discontinuation (rituximab: 9 months
after last infusion).

Current and cumulative treatment was investigated for the use
of non-steroidal anti-inflammatory drugs (NSAIDs) and gluco-
corticoids. The cumulative treatment with NSAIDs was calcu-
lated for each patient as the portion of observation time exposed
to NSAIDs (range: 0-1). Similarly, cumulative treatment with
glucocorticoids was calculated, but additionally weighted for
different doses: each month with a dose of >5-10mg/day was
considered with a weight of 0.5 and each month with a dose
of >10mg/day with a weight of 1. The total sum over all weights
was divided by the number of follow-up months (range: 0-1).

Patients with hypertension, coronary heart disease, heart
failure or hyperlipoproteinaemia but without drug treatment
for this condition(s) were labelled as having ‘no CV treatment’.
Patients with diabetes or osteoporosis and no treatment were
marked accordingly.

Statistical analysis

For baseline comparisons in the cohort study, t-test and %> test
were applied. In the matched case—control study, univariate linear
mixed effects models with a random component for each cluster
were used to test for differences between cases and controls.

Risk factors for stroke were investigated using two different
approaches: In approach 1, we applied univariate and multiple
Cox proportional hazard (PH) models in (1) the whole cohort
and (2) the nested case—control study. In the case—control study,
we considered the matching structure by the application of a
shared frailty Cox regression model,'® which can be interpreted
like Cox-PH models (for further explanations see online Supple-
mentary text).

In approach 2, we adapted the idea of multi-state models
(online Supplementary figure 1). In brief, we were interested
in the cumulative incidence of stroke in patients who (1) did
not develop or (2) developed an SAE other than cerebro-
vascular prior to stroke. Exact Poisson confidence intervals
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Table 1 Baseline characteristics of the RABBIT cohort, cases (patients who developed stroke during follow-up) and their matched controls
Remainder of the cohort, Controls, Cases,
n=11865 n=326 n=163

Matching criteria

Gender, female 9071 (76.5) 244 (74.8) 122 (74.8)
Age (years), mean (SD) 55.8 (12.5)* 62.6 (10.2) 63.4(10.7)
Hypertension 4354 (36.7)* 184 (56.4) 92 (56.4)
Coronary heart disease 672 (5.7) 30(9.2) 15(9.2)

Heart failure 262 (2.2) 6(1.8) 3(1.8)

Diabetes mellitus 1157 (9.8)* 54 (16.6) 27 (16.6)
Smoking, never 5153 (43.4) 132 (40.5) 66 (40.5)
Smoking, ever and unknown 6712 (56.6) 194 (59.5) 97 (59.5)
Enrolment period (prior 2007) 4773 (40.2)* 174 (53.4) 87 (53.4)

Unmatched criteria

Time to event/index date (months), mean (SD) - 46.6 (31.9) 46.6 (32.0)
Observation time (months), mean (SD) 48.9 (33.0)* 73.7 (32.8) 68.3 (32.3)
Disease duration (years), mean (SD) 9.7 (9.0) 11.3(9.7) 10.9 (9.2)

Rheumatoid factor positive 8379 (71.2)* 250 (77.2) 128 (79.0)
CRP (mg/L), mean (SD) 18.4 (26.0)* 21.4 (39.6) 24.2 (31.3)
ESR (mm/hour), mean (SD) 30.7 (22.7)* 33.2 (23.3) 35.6 (25.6)
DAS28, mean (SD) 5.1(1.3)* 5.4 (1.4) 5.4(1.3)

% of full physical function, mean (SD) 64.0 (23.1)* 60.3 (22.8) 54.0 (23.8)
NRS patient global health 0-10, mean (SD) 6.0 2.1)* 6.1 (2.1) 6.5(2.2)

BMI =30 kg/m2 2818 (23.8) 76 (23.3) 41 (25.2)
Hyperlipoproteinaemia 921 (7.8)* 39(12) 27 (16.6)
Chronic renal disease 437 (3.7)* 24 (7.4) 12 (7.4)

Osteoporosis 2089 (17.6)* 77 (23.6) 49 (30.1)
>2 comorbidities 4634 (39.1)* 181 (55.5)t 102 (62.6)
No CV treatment 1038/4849 (21.4)* 41/195 (21.0)t 35/104 (33.7)
No diabetes treatment 226/1157 (19.5) 16/54 (29.6) 4127 (14.8)
No osteoporosis treatment 325/2089 (15.6) 13/77 (16.9) 6/49 (12.2)
No of previous csDMARDs, mean (SD) 2.2(1.4) 2.6 (1.4) 2.6 (1.5)

No of previous bDMARDs, mean (SD) 0.3(0.7) 0.3 (0.6) 0.4 (0.9)

Enrolment therapy: csDMARD 3874 (32.9) 110 (34.2) 47 (29.6)
Enrolment therapy: TNFi 6009 (51.0) 157 (48.8) 81 (50.9)
Enrolment therapy: other bDMARD 1907 (16.2) 55 (17.1) 31(19.5)
Glucocorticoids, <5mg/day 4748 (40.0) 136 (41.7) 49 (30.1)
Glucocorticoids, 5-10 mg/day 4718 (39.8) 133 (40.8) 82 (50.3)
Glucocorticoids, =10 mg/day 2351 (19.8) 54 (16.6) 32 (19.6)
Any NSAID 6150 (51.8) 189 (58) 89 (54.6)

Values are numbers of patients (%) unless otherwise specified.
*p<0.05 in unpaired tests versus cases (t-test or * test).

p<0.05 in paired tests versus cases (linear mixed effects model with a random component, differences in comorbidity treatment were analysed with »? test).
bDMARD, biological disease-modifying anti-rheumatic drug; BMI, body mass index; CRP, C reactive protein; csDMARD, conventional synthetic disease-modifying antirheumatic
drug; CV, cardiovascular; DAS28, disease activity based on 28 joint count; ESR, erythrocyte sedimentation rate; NRS, numeric rating scale; NSAID, non-steroidal antirheumatic

drug; TNFi, inhibitors of tumour necrosis factor alpha.

were calculated for incidence rates (IRs). Furthermore, we
estimated cause-specific hazards to investigate risk factors for
stroke in patients without prior SAEs. In this model, patients
were censored at the end of the observation (index date) or
when other SAEs occurred, whatever came first.

Due to the skewed distribution of CRP values, we used a
log-transformation (logCRP) in all models.

Missing data at baseline most frequently concerned smoking
status (10.2%), CRP (6.5%), disease activity based on 28 joint
count (DAS28) (4.6%) and ESR (3.6%). To analyse the course
of disease activity and inflammation, we applied five multiple
imputations of missing values. Missing smoking status was coded
as a separate category (smoking unknown).

Estimates are shown with 95% CI. Matching was applied
using the R-package Optmatch.?' Data were analysed using SAS
V.9.4 software.

RESULTS

Until 31 October 2015, 206 incident cerebrovascular events
were reported (figure 1). We excluded two patients without an
available event date and five patients with a misclassification of
the reported event. Of 199 events, the majority were ischaemic
strokes (n=101, 50.8%), followed by TIAs (n=45, 22.6%),
haemorrhagic (n=22, 11.1%) and unclassified strokes (n=20,
10.19%) as well as subarachnoid haemorrhages (n=11, 5.5%).
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Table 2 Disease characteristics in the cohort and in the nested case—control study in different time periods

Cohort study Nested case—control study
Remainder of the cohort Controls Cases
Disease activity and inflammation
Averages during the first year of follow-up after enrolment
DAS28 (95% Cl) 4.25 (4.23 to 4.27) 4.37 (4.24 t0 4.51) 4.62 (4.45 to 4.80)
CRP (mg/L) (95% Cl) 13.42 (13.10 to 13.73) 14.27 (12.23 t0 16.31) 18.50 (14.32 to 22.68)
ESR (mm/hour) (95% Cl) 25.69 (25.36 to 26.02) 27.03 (24.94 t0 29.12) 30.79 (27.61 to 33.96)
Values within a 6 months risk window before the event/index date
DAS28 (95% Cl) 3.50 (3.31 to 3.69) 4.06 (3.79 to 4.34)
CRP (mg/L) (95%Cl) 8.02 (6.12 10 9.93) 16.19 (8.12 to 24.26)
ESR (mm/hour) (95% Cl) 21.45 (18.93 t0 23.97) 27.98 (23.68 t0 32.29)
Treatment
Time from baseline until event/index date
Cumulative doses of GC
Exposure to 0-5mg/day 77.7% (74.2 to 81.3) 73.0% (68.2 to 77.7)
Exposure to >10mg/day 4.1% (2.5t0 5.8) 5.2% (2.8 t0 7.5)

Cumulative use of Cox-2-Inh.

0.12% (0.09 to 0.15) 0.15% (0.11 t0 0.19)

Bold indicates significant values compared to case patients.

Cox-2-Inh., inhibitors of cyclooxygenase-2; CRP, C-reactive protein; DAS28, disease activity based on 28 joint count; ESR, erythrocyte sedimentation rate; GC, glucocorticoids;

NSAIDs, non-steroidal anti-inflammatory drugs.

Corresponding baseline characteristics are presented in the
online Supplementary table 3. Of the 166 events considered in
this analysis (ischaemic strokes, unclassified strokes and TIAs),
163 could be matched to controls (n=326). For one female and
two male cases, matching was not possible (online Supplemen-
tary table 2).

Patient characteristics at baseline

Case and control patients were 7years older than the average
cohort patient and differed significantly in comorbid hyperten-
sion, diabetes, enrolment period and disease activity at base-
line (table 1).

A significant difference between cases and controls was found
regarding the treatment of comorbidities. Of 104 case patients
with at least one baseline CV comorbidity, 35 (34%) did not
receive CV drug treatment, compared with 21% in controls and
in the remaining cohort. Thereof, major gaps were seen regarding
hyperlipoproteinaemia (no drug treatment in 78% of cases, 44%
of controls and 47% in the cohort) and coronary heart disease

(no drug treatment in 40% of cases, 30% of controls and 19%
in the cohort). These significant differences in the manage-
ment of comorbid conditions were not found for diabetes and
0Steoporosis.

Cumulative incidence of stroke and influences of SAEs in the
cohort

The overall rate of incident non-haemorrhagic strokes (n=166)
in the RABBIT cohort was 3.2/1000 patient-years (PY) (95% CI
2.7 to 3.7) (online Supplementary figure 2). The IR in patients
with no prior SAE was 2.2/1000 PY (95%CI 1.8 to 2.8] and
with prior SAE 9.0/1000 PY (95% CI 7.3 to 11.0).

We found a linear increase in the cumulative incidence of
stroke in patients who did not experience any SAE prior to
stroke (figure 2, left). In contrast, there was an excess risk within
the first 30 days after SAEs (figure 2, right). In this interval,
the IR was 94.9/1000 PY (95%CI 72.6 to 121.9), dropping

0.08 1 stroke without prior SAE 0.08 1 stroke after SAE
0.0B -+ e 0.05 f-eerererereeseenneeeens
3
c
T B B T
Q
£
[ 0,03 e e 008 o
=
£ 0.02 e e s s e 002 A s
j
(@) B
.01 = sememitt ST 001
0.00 ,,.,,m--s%';;;--' seesnccT T e i 0.00
T T T T T I — T
365 730 1095 1460 1825 30 180 365

Observation time in days

Figure 2 Probability of stroke in patients with and without prior SAE. (Left) The probability of stroke after enrolment in patients without any serious
adverse event (SAE) prior to stroke; time in days from baseline. (Right) The probability of stroke after SAE; time in days after SAE.

1586 Meissner Y, et al. Ann Rheum Dis 2017;76:1583—1590. doi: 10.1136/annrheumdis-2017-211209

“ybuAdoo Aq parosroid 1sanb Aq 202 ‘6 |udy uo jwod g pre//:dny wol papeojumoq ‘2 T0Z AeN 8 U0 60Z2TTZ-2T0Z-SIpwnayluue/9eTT 0T S payslignd 1si1 :SIg wnayy uuy


https://dx.doi.org/10.1136/annrheumdis-2017-211209
https://dx.doi.org/10.1136/annrheumdis-2017-211209
https://dx.doi.org/10.1136/annrheumdis-2017-211209
https://dx.doi.org/10.1136/annrheumdis-2017-211209
http://ard.bmj.com/

Clinical and epidemiological research

significantly to 3.4 (95% CI 2.4 to 4.8) in the period thereafter.
Of all reported SAEs, 87.0% led to hospitalisation.

No differences were observed in the cumulative doses of
glucocorticoids, or the use of non-selective NSAIDs and Cox-2
inhibitors.

Disease characteristics and treatment of cases, controls and
the remaining cohort during follow-up

Patients with stroke presented with significantly higher DAS28
and inflammation markers during the first year of follow-up
compared with the remaining cohort in unadjusted analyses. In
the nested case—control study, values were insignificantly higher
in cases than in controls (table 2). Within 6 months before the
event/index date, the mean DAS28 was significantly higher in
cases compared with controls.

Risk factors for stroke

In the cohort study, univariate analysis showed a significantly
lower risk for stroke in patients with better physical function
(FFbH) (table 3). Older age, high values of CRP, ESR and the
DAS28 were significantly associated with a higher risk for
stroke. Comorbidities such as hypertension, hyperlipoprotein-
aemia, diabetes, osteoporosis and particularly chronic renal

Table 3 Investigation of risk factors for stroke

Cohort study Nested case—control study

Adjusted shared frailty
Univariate analysis Adjusted Cox-PH model Univariate analysis model
HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)

Age per 5years*® 1.42 (1.32 to 1.54) 1.37 (1.25 to 1.50)

Gender, male* 1.19 (0.84 to 1.70) 1.03 (0.70 to 1.52)

logCRP 1.30 (1.12 to 1.52) 1.16 (0.99 to 1.35) 1.41 (1.17 t0 1.70) 1.17 (0.98 to 1.40)
ESR 1.07 (1.04 t0 1.11) 1.06 (1.02 to 1.09)

DAS28 1.28 (1.15t0 1.42) 1.33(1.17 to 1.51)

% of full physical function per 10 points
Hypertension*®

Coronary heart disease™

Heart failure*

Hyperlipoproteinaemia

Diabetes mellitus*

Chronic renal disease

Osteoporosis

>2 comorbidities

No CV disease (Reference)

0.83(0.78 t0 0.88)
2.47 (1.81 t0 3.37)
1.91 (1.12 t0 3.25)
1.12 (0.36 t0 3.52)
2.57 (1.70 to 3.89)
2.13(1.41 t0 3.21)
2.91(1.61 t0 5.25)
1.84 (1.32 t0 2.57)
2.89(2.10 t0 3.97)

0.90 (0.84 to 0.96)
1.33(0.95 to 1.86)

1.60 (1.04 to 2.45)
1.26 (0.82 to 1.94)
1.28 (0.69 to 2.36)
1.09 (0.77 to 1.56)

0.92 (0.86 to 0.98)

1.60 (1.05 to 2.44)

1.92 (1.06 to 3.49)
1.47 (1.05 to 2.06)
1.99 (1.44 t0 2.76)

0.85(0.78 to 0.93)

CV disease with therapy 2.41 (1.70 to 3.42) 1.51 (0.98 t0 2.32) 1.81(0.85 10 3.82)
CV disease and no therapy 4.31(2.83 t0 6.54) 3.11(1.89 10 5.10) 3.31(1.5210 7.19)
c¢sDMARD (Reference)
TNFi 0.82 (0.60 to 1.12) 0.85 (0.60 to 1.20) 1.23 (0.87 t0 1.73) 0.82 (0.52 to 1.28)
Other bDMARDs 0.89 (0.60 to 1.31) 0.89 (0.58 to 1.37) 0.83 (0.55 to 1.27) 0.64 (0.37 10 1.13)
No of previous bDMARDs 1.16 (0.96 to 1.39) 1.26 (1.05 to 1.51) 1.34(1.00 to 1.79)
No of previous csDMARDs 1.00 (0.89 t0 1.12) 0.88 (0.79 to 0.98)
Glucocorticoids, current by 5mg/day 1.11 (1.00 to 1.24) 1.25 (0.99 to 1.58) 0.90 (0.71 t0 1.14)
Glucocorticoids, weightedt 1.72 (0.85 to 3.44) 1.17 (0.56 to 2.45) 0.80 (0.22 to 3.00)

Non-selective NSAIDs, weightedt
Cox-2 inhibitors, weightedt
Smoking, never* (Reference)
Smoking, ever
Smoking, unknown
SAEs, 6 months prior stroke
Overall
Serious infections
CV events (other than stroke)
Surgeries
All other SAEs

1.04 ([0.74 to 1.47)
1.34(0.85 10 2.13)

1.37(0.99 to0 1.89)
1.14 (0.60 to 2.17)

1.30(0.82 to0 2.06)

1.87 (1.33 0 2.64)
1.19(0.63 t0 2.28)

1.19(0.85 to 1.68)
1.22(0.77 t0 1.93)

3.31 (2.18 t0 5.02)
4.23(2.03 t0 8.81)
3.02 (1.38 t0 6.65)
1.00 (0.49 to 2.04)
3.36 (2.10 to 5.37)

4.39 (1.55 to 12.46)
2.87 (0.94 to 8.74)
0.87 (0.33 t0 2.27)
2.61(1.42 t0 4.81)

Baseline information was used for age, all comorbidities, CV treatment and smoking.

*Matching criteria were not considered in the model of the case—control study.

tThe weighted approach is explained in the methods section.
bDMARD, biological disease-modifying antirheumatic drug; COX-2 inhibitors, inhibitors of cyclooxygenase-2 ; CRP, C reactive protein; csDMARD, conventional synthetic disease-
modifying antirheumatic drug; CV, cardiovascular; DAS28, disease activity based on 28 joint count; ESR, erythrocyte sedimentation rate; NSAID, non-steroidal antirheumatic drug;

SAE, serious adverse event; TNFi, inhibitors of tumour necrosis factor alpha.
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disease were associated with a higher risk for stroke. Except for
the current treatment with glucocorticoids, none of the treat-
ments with csDMARDs or bDMARDs, non-selective NSAIDs or
Cox-2 inhibitors were associated with the risk for stroke. The
highest risk for stroke was found in patients with untreated CV
diseases (HR 4.3 (95% CI 2.8 to 6.5)). In the adjusted cohort
analysis, only the impact of higher age, physical function and
hyperlipoproteinaemia were affirmed. Smoking (ever vs never)
was additionally identified as risk factor.

In the nested case—control study, univariate analysis showed
likewise that high levels of CRP, ESR and DAS28 as well as a poor
physical function were significantly associated with a higher risk
for stroke (table 3). Significant but smaller effects were found for
the comorbidities hyperlipoproteinaemia, chronic renal disease
and osteoporosis. Untreated CV comorbidities and the devel-
opment of SAEs <6 months prior to stroke had the strongest
association with the risk for stroke. This effect was confirmed
in the adjusted shared frailty model with a HR of 3.3 (95% CI
1.5 to 7.2) for untreated CV disease. Regarding SAEs, we found
the largest impact for prior serious infections with an HR of 4.4
(1.6 to 12.5). Further significant influences were found for phys-
ical function and the number of bDMARD treatments before
entering RABBIT. In contrast, current treatment with TNFi,
other bDMARDs and glucocorticoids had no association.

To investigate the impact of risk factors in patients without a
prior SAE, a cause-specific hazard model was applied (approach
2, table 4). In this model, the associations between physical func-
tion as well as untreated CV comorbidities and stroke remained
significant. However, the effect size of untreated CV diseases
was attenuated to an HR of 2.3 (1.2 to 4.5). The influence of
the number of bDMARD treatments before cohort entry was no
longer significant.

DISCUSSION

We examined the incidence and risk for stroke in a large cohort
of patients with RA. The known risk factors age and smoking as
well as hyperlipoproteinaemia and a poor physical function were

Table 4 Cause-specific hazard ratios of stroke in patients without
prior SAE

Nested case—control study

HR (95% Cl)
logCRP 1.14(0.90 to 1.45)
% of full physical function, per 10 points 0.88 (0.79 t0 0.97)
No CV disease (Reference)

CV disease with therapy 1.13 (0.65 to 1.98)

CV disease and no therapy 2.27 (1.15 to 4.49)
c¢sDMARD (Reference)

TNFi 0.73 (0.43 to 1.24)

Other bDMARDs 0.65 (0.30 to 1.41)
No of previous bDMARDs 1.18 (0.86 to 1.62)

Glucocorticoids, current by 5 mg/day 0.74 (0.52 to 1.04)

Non-selective NSAIDs 1.34 (0.78 t0 2.32)
Cox-2 inhibitors 1.38(0.70 to 2.71)

Patients are censored at the end of the observation (index date) or at the
occurrence of other SAEs, whatever comes first.

bDMARD, biological disease-modifying anti-rheumatic drug; COX-2 inhibitors,
inhibitors of cyclooxygenase-2.; CRP, C reactive protein; csDMARD, conventional
synthetic disease-modifying antirheumatic drug; CV, cardiovascular; NSAID, non-
steroidal antirheumatic drug; SAE, serious adverse events; TNFi, inhibitors of tumour
necrosis factor alpha.

associated with an increased risk. The IR for stroke was highest
in patients who experienced another SAE within 30 days prior
to stroke. In a nested case—control study with patients at compa-
rable risk for stroke, the absence of CV treatment despite CV
comorbidity was associated with a high risk for incident stroke.
The highest impact was found for prior serious adverse events,
particularly serious infections.

Our results support findings in the general population®” and
in patients with autoimmune diseases,’> which suggest that
stroke may be triggered by other adverse events. Compared with
the overall IR of 3.1 strokes per 1000 PY, we observed a high IR
of 8.7/1000 PY for patients with a previous adverse event other
than cerebrovascular. The association was clearly time-depen-
dent being highest within 30 days (IR: 93.3/1000 PY) after the
serious event and dropping thereafter to 3.2. This is in line with
results from Smeeth et al who reported an IR ratio (IRR) of 3.2
(95% CI 2.8 to 3.6) during the first 3 days after respiratory tract
infections, gradually decreasing in the following weeks.?? Others
observed more strokes within 6 days after hospital admission.™
In patients with autoimmune diseases, the risk was highest
within 90 days after herpes zoster with an IRR of 1.4 (95% CI
1.1 to 1.7).12

Reasons for the contribution of SAEs to the occurrence of
stroke may be diverse. Patients may rest in bed during their
illness, with consequences of dehydration and hypercoagula-
bility that can promote embolic events. Previous studies char-
acterised patients with in-hospital onset ischaemic strokes, indi-
cating, among others, fever, high blood pressure, dehydration,™
female gender and atrial fibrillation as risk factors.”

Our data revealed a more than fourfold risk for stroke after
serious infections, followed by other SAEs. For CV events, the
estimator did not reach statistical significance. Interestingly,
surgeries had no effect on the occurrence of stroke (adjusted HR
0.9 (95% CI 0.3 to 2.3)).

Insufficient treatment of CV diseases and inadequate risk
management in RA*®?” were debated widely in recent years. We
found that patients who experienced a stroke had been treated
less often for their underlying CV diseases compared with
control patients or the remaining cohort. This finding is in line
with our study on myocardial infarction.”® To preclude a general
underreporting of treatment for comorbidity in patients with
stroke, we examined the reporting of other comorbidities. Oste-
oporosis and diabetes were more stringently managed in patients
with a future stroke, indicating that awareness for comorbidi-
ties differs. However, the guidelines consider the rheumatologist
responsible for risk management of CV diseases in RA, in collab-
oration with cardiologists and other disciplines.”’

The treatment with bDMARDs did not influence the occur-
rence of strokes which is consistent with previous findings.’ 3=
Regarding the effect of glucocorticoids we did not find an asso-
ciation with stroke in the adjusted model and in the nested
case—control study. This is in line with previous studies that
did not find a negative effect of glucocorticoids on the risk for
stroke.” 43

Inflammation is discussed as a risk factor for stroke in the
general population and in patients with RA,*®” and even consid-
ered in the current guidelines for primary stroke prevention
of the American Heart Association.’® The association between
markers of inflammation and disease activity with the incidence
of stroke persisted in our study only in unadjusted analyses. This
is in contrast to findings for myocardial infarction.”® However,
it implies the possibility of an SAE-driven elevation of inflamma-
tion markers. In the cause-specific model, which estimates the
risk for stroke without the influence of SAEs, the estimator of
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logCRP was non-significant (HR 1.1 (95% CI 0.9 to 1.5)) not
supporting the idea of CRP as a risk factor for stroke.

Our study has several strengths and limitations. The large
RABBIT cohort with well-monitored follow-up data'® enabled us
to analyse patients with similar baseline risk for incident stroke,
using a nested case—control design. Stroke is a slowly evolving
event,”” and controls were required to have a minimum observation
time corresponding to their matching case. Requesting the same
observation time as matching criteria is a limitation of the study
design too, which may imply a selection bias of patients with better
controlled disease and less frequent SAEs. This peculiarity may bias
the cumulative incidence of strokes after the development of SAEs.
Therefore, we omitted this criterion in a sensitivity analysis which
confirmed the findings of the main analysis (data not shown). A
remaining limitation of shared frailty models rests with the lack of
diagnostic tools for evaluation of model assumptions beyond the
distribution of random effects.

CONCLUSION

Aside from traditional risk factors, we found that insufficient CV
treatment and the occurrence of other SAEs increased the risk
for stroke in patients with RA. These findings, on the one hand,
underline the need for rigorous management of CV diseases, on
the other hand support results found in the general population
which suggest expanding the traditional risk model for stroke
by incident other adverse events. This could help to identify
patients and clinical situations at increased risk for stroke.
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