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Background: Inflammation is an important mechanism in stroke. To a considerable extent, the pathophysiology of inflammatory
arthritis is influenced by inflammatory cells and cytokines. We compared the risk of stroke between patients with inflammatory
arthritis and matched controls, using data from the National Health Insurance Service.

Methods: Using a combination of primary diagnosis and V codes for rare incurable diseases, we defined the patients with
ankylosing spondylitis, seropositive rheumatoid arthritis, and psoriatic arthritis and enteropathic spondyloarthropathy. The control
group was defined by 1:5 propensity score-matching for each disease. Newly developed stroke was identified in the patients
with the primary diagnosis of (I60-64) and 1) brain imaging or 2) a prescription of stroke medication or related intervention.

Results: The occurrence of stroke was more frequently associated with seropositive rheumatoid arthritis in both the patient
population and the seropositive rheumatoid arthritis control group (hazard ratio 1:11, 95% CI 1.02-1.20, P=0.012). In this study,
the frequency of stroke occurrence was not associated with the diagnosis of ankylosing spondylitis nor psoriatic arthritis or
enteropathic spondyloarthropathy. Furthermore, the use of biologic agents was not associated with the occurrence of stroke,
using multivariable analyses in the three different types of inflammatory arthritis and their respective control groups.

Conclusion: Seropositive rheumatoid arthritis was a predictor of frequent stroke occurrences. The patients with seropositive
rheumatoid arthritis must be cautious with regard to the occurrence of a comorbid stroke. Further studies with long-term follow-ups
of clinical outcomes are warranted to explain the underlying correlation between inflammatory arthritis and the risk of stroke.
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Table 2. multivariate analysis for incident stroke in the patient and control groups of each inflammatory arthritis (model 1)

Ankylosing spondylitis

Seropositive rheumatoid

Psoriatic arthritis and

arthritis enteropathic spondyloarthropathy

Hazard ratio Hazard ratio Hazard ratio

(95% CI) P-value 95% CI) P-value (95% CI) P-value
Sex* Women 0.66 (0.56-0.77)  <.001 0.66 (0.62-0.70)  <.001 0.64 (0.45-0.92) 0.015
Age+ 50-59 3.32 (2.63-4.19) <.001 2.82 (2.34-3.41) <.001 4.24 (2.10-8.56) <.001
60-69 6.79 (5.44-8.47) <001  5.31 (4.45-6.34) <.001 7.81 (3.95-15.44) <.001
70-79 10.88 (8.69-13.62) <.001 10.02 (8.41-11.94) <.001  10.07 (4.99-20.33) <.001

Subscription of Self-employed subscribers ~ 1.15 (0.99-1.34) 0.062 1.07 (1.01-1.14)  0.035 1.36 (0.94-1.96) 0.1
health Insurance” medical aids recipients 1.47 (1.09-1.99) 0.012 1.37 (1.21-1.57)  <.001 1.10 (0.49-2.49) 0.817
Income level® Quintile 4 0.89 (0.69-1.15) 0.366  0.95 (0.85-1.05) 0.3 0.94 (0.50-1.77) 0.851
Quintile 3 0.87 (0.68-1.10) 0.241 0.89 (0.80-0.99) 0.026 0.65 (0.34-1.26) 0.202
Quintile 2 0.82 (0.65-1.03) 0.085  0.87 (0.79-0.96)  0.004 0.95 (0.54-1.69) 0.864
Quintile 1 0.73 (0.59-0.92) 0.006  0.82 (0.75-0.90)  <.001 0.83 (0.48-1.44) 0.513
Hypertension 1.32 (1.11-1.56) 0.001 1.10 (1.03-1.18) 0.004 1.02 (0.67-1.53) 0.939
Diabetes mellitus 0.94 (0.75-1.17) 0.557 099 (0.91-1.08)  0.868 0.99 (0.58-1.70) 0.976
Dyslipidemia 0.93 (0.77-1.12) 0.421  0.89 (0.83-0.96)  0.003 0.83 (0.52-1.33) 0.446
Atrial fibrillation 1.72 (1.28-2.31) <.001 1.74 (1.55-1.96) <.001 2.34 (1.20-4.54) 0.012
Diagnosis of inflammatory arthritis 0.99 (0.80-1.22) 0.892 1.11 (1.02-1.20) 0.012 1.20 (0.66-2.18) 0.547
Use of biologic agents 0.82 (0.54-1.26) 0.365 0.88 (0.69-1.12) 0.298 1.17 (0.46-2.97) 0.736

*Reference: Men, ' Reference: Younger than age 50, "Reference: employment based subscribers, SReference: Quintile 5.
Moultivariable model was adjusted for sex, age, subscription of health insurance, income level, hypertension, diabetes mellitus, dyslipidemia,

atrial fibrillation, diagnosis of inflammatory arthritis and use of biologic agents.

Table 3. multivariate analysis for incident stroke in the patient and control groups of each inflammatory arthritis (model 2)

. .. Seropositive rheumatoid Psoriatic arthritis and
Ankylosing spondylitis

arthritis enteropathic spondyloarthropathy

Hazard ratio Hazard ratio Hazard ratio

(95% CI) P-value (95% CI) P-value (95% CI) P-value

Sex* Women 0.66 (0.56-0.77) <.001  0.66 (0.62-0.70) <.001  0.64 (0.45-0.92) 0.016
Age+ 50-59 3.32 (2.63-4.19) <.001 2.82 (2.34-3.41) <.001 4.25 (2.10-8.57) <.001
60-69 6.78 (5.43-8.46) <.001 531 (445-634) <001  7.85 (3.97-15.52) <.001

70-79 10.87 (8.68-13.60) <.001  10.02 (8.41-11.94) <.001  10.15 (5.03-20.50) <.001

Subscription of Self-employed subscribers  1.15 (0.99-1.34)  0.062 1.07 (1.01-1.14)  0.035 1.36 (0.94-1.96)  0.100
health insurance” Medical aids recipients 1.47 (1.09-1.99) 0.012 1.37 (1.21-1.57)  <.001 1.14 (0.50-2.57)  0.758
Income level® Quintile 4 0.89 (0.69-1.14) 0360 095 (0.85-1.05) 0298  0.94 (0.50-1.77) 0.851
Quintile 3 0.87 (0.68-1.10)  0.239 0.89 (0.80-0.99) 0.025 0.65 (0.34-1.26)  0.206

Quintile 2 0.82 (0.65-1.03) 0.084  0.87 (0.79-0.96)  0.004  0.95 (0.53-1.69) 0.862

Quintile 1 0.73 (0.59-0.92) 0.006  0.82 (0.75-0.90) <.001  0.83 (0.48-1.44) 0.513

Hypertension 1.31 (1.11-1.55)  0.001 1.10 (1.03-1.18)  0.004 1.02 (0.68-1.53)  0.936
Diabetes mellitus 0.94 (0.75-1.17)  0.557 0.99 (0.91-1.08) 0.869 0.99 (0.58-1.70)  0.973
Dyslipidemia 0.93 (0.77-1.12)  0.420  0.89 (0.83-0.96)  0.003  0.83 (0.52-1.33)  0.440
Atrial fibrillation 172 (128-231) <.001 174 (1.55-1.96) <.001 234 (1.20-4.55) 0.012
Diagnosis of inflammatory arthritis 0.99 (0.80-1.22)  0.892 1.11 (1.03-1.21)  0.010 1.12 (0.62-2.04) 0.706
Use of anti-TNF agents 0.80 (0.52-124) 0324  0.88 (0.69-1.12) 0298  1.49 (0.49-4.52)  0.480
Use of biologic agents other than anti-TNF agents 1.56 (0.50-4.90)  0.450 0.71 (0.49-1.02)  0.067 1.25 (0.45-3.44)  0.669

*Reference: Men, 'Reference: Younger than age 50, 'Reference: employment based subscribers, “Reference: Quintile 5.

Multivariable model was adjusted for sex, age, subscription of health insurance, income level, hypertension, diabetes mellitus, dyslipidemia,

atrial fibrillation, diagnosis of inflammatory arthritis and use of anti-TNF agents, use of biologic agents other than anti-TNF agents.



0|7|7g Ql:

B! L I = e B
(e Mo B O
o) oy B W OB ooy WO o _,W.mﬂx T OT o R »
ol Mwﬁeﬂ;dﬂmtlwcm_uﬁmmﬁamﬂ_Wx\_MWMﬂHmmnq_me%mMNlenﬁwq ﬂhmaﬂﬂpmﬂﬁﬂoc_a}pq]
i aﬁwqu£a&%mmmmm%ﬁ4@wwywﬂ SefIERELLETE
E oA — B r S oo N o N5 B 3 BT o 9 T — B B9 <
0| o A g Wﬁ N i SR K o o W s ® _HJH b _m_‘ Uy mL Hony mm il ,Wn_ o7 o H B m_,_ o mm 0%
T %Auaﬁae%nmmﬁ#a_a?1%@uwﬁawﬂmﬂﬂ%;ﬂ,m_s w oy, M tﬂmoﬂmmisﬂ
B %ﬂﬂ@io__gﬂﬁmfgu_xﬂ%mtwuﬁ;flmmmmw RExTEEPIRRDED
M LR (- N e T TG AN e e g ®
3 @%@M%gmﬂ@%ﬂima§wqm%%m%mﬁ R NS S S E Y
X I 2 ][ K X0 J—m_o o mlb DAO/OH 1_._N
o K jmgou‘thEMtk T oo i o o W ] i =)
i WK OB Ko of X - A uﬁ_x_.mmoo_nox_oﬂﬁl,moo_ap_m o 1_1Jﬁo_1r‘_1_u|iuu
o Mm%%%ﬁoﬂmwa _mwaww@x_cﬁﬂomuiﬂmo_oaoﬂﬁwm__p%wm‘@@md%m_%E
Klo mu,%mulﬂoc,_w __Arm_.ule,zo o E_ﬁ,ﬂﬂl%%%o#uﬂox‘_ﬂ%%QE__%ém_ﬁ
o B o O T I S T S T R o - T ST C L i x
Hlﬂlﬂ‘_)ELWﬁX_- o oo = EE_EQJQDQMWQGW;O MIx_o,u_AHTd_uE._ Hx?ﬂo_oﬁll.ﬂ;lr] T
mMA_o_Lﬂﬁ Eomﬂoooga_aﬂc,_ﬂ‘ mﬂ_,_ll:,é.ﬂmmxmn l_x_.ﬂuiuL1]1rﬂw7nﬂ:_o
o T ST m o B B Sy Ko W ogr B2 B X B W o Tl R F o o 2 B o
ook 2 = Alﬂw«ém@g% Tﬂ W o %O_Luangéﬂﬂi%x_ox_oo_alﬂmmﬁ
BRI ELE s P AT s weEg@%@%&%a%gw%zwwﬁﬁgwqma
7 CA T O S NNl KT R Woe T g e BT
otﬂvl%oo_a].xaxa__o% QD@%“%% oo Mme_aélV%oo 7o£...mn1rﬂ|_61rﬂmo
Hmwo%#mu:_.,mox_oﬂ_ﬂ%q@ﬁ%@[mﬁl% = L B qﬂa.ﬁoL%E_ﬁ.ﬁoh%%m%
ﬂLﬁ_.%o,m.,_vOM muxﬁmniﬂEmeﬁoXL.MMHoﬁ_OATW7XHa_,TVot,mM1%9_q].Q_E S W
K B! - 0 G o o o H = ? Tl T T S
ﬂo_;eﬂoiTk%io_LimﬂE_oamuﬁ%%ﬂ%ﬂ@a&m%ﬂ%@%@%%W%gmﬂ%%
B O SN R = o Cr— va o & [ -y Ko o ~ K
LN DN o B = T ﬂxﬁhyaizf,_ﬁﬂ Ko T qunmﬁoca%
P S P Aa%moﬁﬂ__%%%mraumﬁﬂoMuﬂﬁ,m.
Wow R R R T ahh_mbh_u%ﬁmwa%o_ho_w.
< o o oo 9% o
WWMM\M)&MMW.WE¢ _,Eﬂﬁ_hMMﬂwrM..rodl.._.Ll e
= = oR X T
el S E% x,_,o_]udm_wﬂﬂua_nmw_m%@r o) oy K- K- B T R0 R
%ﬁ__Mlm_ u%mﬂ%mbﬂlu_,ﬂoyeﬂwwwo g RN S M ow Ko T
AR OK oy H ooy of LK = ol ot o A 0 TR
o BJ ™ B K — e 2 o X R Ky oo
Exsta®g Mwmﬂﬂwmﬁe_eo_aaﬂgﬂ@wm wmoo_amw%W%mmw o
Cazew Pl m}nww;fijﬂq@w?@ EhrbowE 0 !
oy B = S S m BT oy 5 W = o X oqr — H = K "
%Mﬁnmﬁ?wﬁn mﬁo_aMO_L%W&%M_ﬁWwﬂmﬁu% w%%%ww_mnWﬁ Hg T
I wmwazogﬁ%ag%w SR Pk w & P
3 o = 3 = K W = o
ST T AmT %ano_bﬂé%c_ﬁwwwwﬂéw Wd%ﬂ%wxmﬁ%ﬂ A m
x%W,@L =0 Mwm«um_wwwm__ﬁm&Idnﬂeorﬂ‘_wﬁ@./o oEoEWﬁaﬂoﬁoﬁ; _.NE A_x._amﬂAo
%Hou;%ﬁ%w W%Héiﬂ%mﬁ%%%wmﬁmmaM%E_Ep,wﬂiﬂL R
— 5 % = = ol VRN ]o =0 . —_
crzzEERy &%ﬁ%ﬁ@W@&%wnwwggﬁowgwmw> 4 EE2S
—~ o ~ K 0 CagG - —_ . o
o m = o o Gyl st k) ._nyu T L o 0 | T = ™ =~ ] [ Eo o~
,%_o,w%ﬂm%mﬂmw_w%wwﬁﬂﬁ%o_aﬂWmMHMM%Wmﬁ%,ﬁwuﬁm Le 3
3 Fom g g X o fe < T BT H S e . T o Mo = w5 B
— — . [ ~ ~o T _—AE
%%%@gawmﬁﬂ%ﬂ%gﬂ%%@ﬁ%ﬂ%@@%W@Wﬁ@%n B o
=0 o Ko I = X ﬂq&okﬂoxo_u}ﬂ o T = > > .lm.ﬂ,._.okoﬂ.Mo
3 %%%&ﬂ%%%u%ﬂ ﬁ,plmo%hg_xo%_a@# % g IR
op o = o i < 9 Klo ™ B w® K T oo — OR eI o) & W . g E
Rl BT ENE SR BT LEET o SRR PR B 2 CHl
pr%mﬂ@__%w(w%oalw,MoqaaA.mE%mﬁ%Vmu%mﬁéﬂaabo_a__%ﬂﬂm mmuu,mﬁ
% q%@%@@ﬂﬂw1o}o_a%ﬂmﬁﬂﬂ}éd & z T o
SRR ® BANBEH WA 2 oo oo 2
[ an K- @ gy



102 Korean J Clin Geri 2022;23(2):96-114

LA ATH29,30]. FulEA WA SR =Y Al

_,_,
2
=,
>
Ya e
2,

EGE ofet wE o 54 BUslel 7, A%, A 5
of#] A7)% Ashe Ao A A, oleid AF xt

AR HEQY A9 HEWES Wol} 1z 1%k A}

=
W ogate] QT Ba ol @So] m[19,21],

2ol dhjolut O QIgh APY gt dgo] Qioke Hils
AL 19,21,27], BE AFAA I At dAHA|E=
BTt B Aol ZEA HEQ xidoly, gEshe
AA FoF B% wEFo] vy Ay AFYE Holx] ko)
Rk A 54 AL ExPF got F8 713 Fete] v
E5 A o] Y FrteElA BEY vt of
F Hth= Hol BARR fod& HAFK] X35t g 7HA]
AANY 4= ek ol APEE BEgsr] Slsl R H
FE R} dixds AYHER AlEStel] 18 SRRt
oA ThA] HEF T S Ao, ol A0
Mz 22 HFEL HEFS DA BAFRE folst
AL Qi AR HFEE SR HEF Il el
M BRREe x2S 71 AIRE Bt FH51] HEF AR
o] S H|uoh= $4 At 9% Aog gEct
B Ao e FAGRY HEAR, 53] AU
S

= R
HAARE Vgl HEF o He W dngr
Ao oMRAYEY GRE OB Rof ojRE 2eIs)

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was

reported.

ACKNOWLEDGEMENT

This work was supported by National Health Insurance
Service (NHIS) Ilsan Hospital grant (2021-20-012).

REFERENCES

1. Brayne C. The elephant in the room - healthy brains in later life,
epidemiology and public health. Nat Rev Neurosci 2007;8:
233-9.

2. Kim JY, Kang K, Kang J, Koo J, Kim DH, Kim B]J, et al.
Executive summary of stroke statistics in Korea 2018: a report
from the epidemiology research Council of the Korean Stroke
Society. ] Stroke 2019;21:42-59.

3. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD,
Blaha M]J, et al; American Heart Association Statistics
Committee and Stroke Statistics Subcommittee. Heart disease
and stroke statistics--2014 update: a report from the American
Heart Association. Circulation 2014;129:¢28-292.

4. Libby P. Inflammation in atherosclerosis. Arterioscler Thromb
Vasc Biol 2012;32:2045-51.

5. Libby P, Loscalzo J, Ridker PM, Farkouh ME, Hsue PY,
Fuster V, et al. Inflammation, immunity, and infection in athe-
rothrombosis: JACC review topic of the week. J Am Coll
Cardiol 2018;72:2071-81.

6. Anrather J, Iadecola C. Inflammation and stroke: an overview.
Neurotherapeutics 2016513:661-70.

7. Huang Y, Chen S, Luo Y, Han Z. Crosstalk between in-
flammation and the BBB in stroke. Curr Neuropharmacol
2020;18:1227-36.

8. Pisetsky DS, Ward MM. Advances in the treatment of in-
flammatory arthritis. Best Pract Res Clin Rheumatol 2012;26:
251-61.

9. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT,
Bingham CO 3rd, et al. 2010 Rheumatoid arthritis classification
criteria: an American College of Rheumatology/European League
Against Rheumatism collaborative initiative. Ann Rheum Dis
2010;69:1580-8. Erratum in: Ann Rheum Dis 2010;69:1892.

10. Smolen JS, Landewé RBM, Bijlsma JW]J, Burmester GR,
Dougados M, Kerschbaumer A, et al. EULAR recommendations
for the management of rheumatoid arthritis with synthetic and
biological disease-modifying antirheumatic drugs: 2019 update.
Ann Rheum Dis 2020;79:685-99.

11. Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P,
Mielants H; CASPAR Study Group. Classification criteria for
psoriatic arthritis: development of new criteria from a large in-
ternational study. Arthritis Rheum 2006;54:2665-73.

12. van der Linden S, Valkenburg HA, Cats A. Evaluation of di-
agnostic criteria for ankylosing spondylitis. A proposal for
modification of the New York criteria. Arthritis Rheum
1984;27:361-8.

13. Shin D, Kim HJ, Kim DS, Kim SM, Park JS, Park YB, et



14.

15.

16.

17.

18.

19.

20.

21.

22.

op Py 9l: 7z

=

al. Clinical features of psoriatic arthritis in Korean patients with
psoriasis: a cross-sectional observational study of 196 patients
with psoriasis using psoriatic arthritis screening questionnaires.
Rheumatol Int 2016;36:207-12.

Taurog JD, Chhabra A, Colbert RA. Ankylosing spondylitis
and axial spondyloarthritis. N Engl ] Med 2016;374:2563-74.
Deodhar A, van der Heijde D, Gensler LS, Kim TH,
Maksymowych WP, @stergaard M, et al.; COAST-X Study
Group. Ixekizumab for patients with non-radiographic axial
spondyloarthritis (COAST-X): a randomised, placebo-con-
trolled trial. Lancet 2020;395:53-64.

Kim J, Song YW. Medical treatment of rheumatoid arthritis
(II): current biologic agents and newly developing drugs. J
Korean Med Assoc 2010;53:880-8.

Kinch MS. An overview of FDA-approved biologics medicines.
Drug Discov Today 2015;20:393-8.

Park DJ, Choi SJ, Shin K, Kim HA, Park YB, Kang SW,
et al. Switching profiles in a population-based cohort of rheu-
matoid arthritis receiving biologic therapy: results from the
KOBIO registry. Clin Rheumatol 2017;36:1013-22.

Agca R, Heslinga SC, Rollefstad S, Heslinga M, Mclnnes
IB, Peters M]J, et al. EULAR recommendations for car-
diovascular disease risk management in patients with rheuma-
toid arthritis and other forms of inflammatory joint disorders:
2015/2016 update. Ann Rheum Dis 2017;76:17-28.

Wolfe F, Mitchell DM, Sibley JT, Fries JF, Bloch DA,
Williams CA, et al. The mortality of rheumatoid arthritis. Arthritis
Rheum 1994;37:481-94.

Liew JW, Ramiro S, Gensler LS. Cardiovascular morbidity
and mortality in ankylosing spondylitis and psoriatic arthritis.
Best Pract Res Clin Rheumatol 2018;32:369-89.

Sattar N, McCarey DW, Capell H, Mclnnes IB. Explaining

how "high-grade" systemic inflammation accelerates vascular risk

YFRIEE 0I18%

24.

25.

26.

27.

28.

29.

30.

FiRjo| LIEF W 2

[

103

o
4
02
R

in rheumatoid arthritis. Circulation 2003;108:2957-63.

. Arts EE, Fransen ], den Broeder AA, Popa CD, van Riel

PL. The effect of disease duration and disease activity on the
risk of cardiovascular disease in rheumatoid arthritis patients.
Ann Rheum Dis 2015;74:998-1003.

Zhang J, Chen L, Delzell E, Muntner P, Hillegass WB,
Safford MM, et al. The association between inflammatory
markers, serum lipids and the risk of cardiovascular events in
patients with rheumatoid arthritis. Ann Rheum Dis 2014;73:
1301-8.

Micha R, Imamura F, Wyler von Ballmoos M, Solomon DH,
Herndn MA, Ridker PM, et al. Systematic review and meta-anal-
ysis of methotrexate use and risk of cardiovascular disease. Am
J Cardiol 2011;108:1362-70.

Bili A, Tang X, Pranesh S, Bozaite R, Morris SJ, Antohe JL,
et al. Tumor necrosis factor o inhibitor use and decreased risk
for incident coronary events in rheumatoid arthritis. Arthritis Care
Res (Hoboken) 2014;66:355-63.

Atzeni F, Nucera V, Galloway J, Zoltan S, Nurmohamed M.
Cardiovascular risk in ankylosing spondylitis and the effect of
anti-TNF drugs: a narrative review. Expert Opin Biol Ther
2020;20:517-24.

Ridker PM. Inflammatory biomarkers, statins, and the risk of
stroke: cracking a clinical conundrum. Circulation 2002;105:
2583-5.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive
protein and other markers of inflammation in the prediction of
cardiovascular disease in women. N Engl J Med 2000;342:
836-43.

Di Napoli M, Elkind MS, Godoy DA, Singh P, Papa F,
Popa-Wagner A. Role of C-reactive protein in cerebrovascular
disease: a critical review. Expert Rev Cardiovasc Ther 2011;9:
1565-84.



104 Korean J Clin Geri 2022;23(2):96-114

Supplementary Table 1. Codes of medication for the comorbid medical diseases

Drugs for hypertension

100801ACH
100802ATB
101501ATB
104201ATB
104202ATB
106901ATB
107601ATB
107601ATD
107602ATB
107602ATD
107901ATB
107902ATB
111401ATB
111402ATB
111403ATB
112901ATB
114001ACH
114002ACH
114003ACH
114701ATB
114702ATB
114703ATB
115101ATB
115102ATB
115103ATB
115104ATB
116801ATB
116803ATB
117001ATB
117002ATB
117003ATB
117901ATB
117902ATB
117903ATB
119901ATB
120001ATB
122601ATB
122602ATB
122603ATB
122901ATB
122902ATB
122903ATB
235501ATB
235502ACS
235502ATB
235503ACS
235503ATB
242001ATB
242002ATB
242003ATB
242004ATB
242401ACH

125001ATB
125002ATB
125003ATB
125004ACR
125005SATB
125006ACR
125007ACR
125008ACR
129101ATB
133001ATB
133002ATB
133003ATB
133101ATB
133102ATB
136501ATB
137001ATB
140901ATB
140902ATB
145701ACR
145703ACR
145705ACR
145706ATB
145706ATR
145707ACR
145707ATB
145707ATR
145801ATR
149101ATB
149102ATB
149103ATB
149104ATR
151601ATB
151602ATB
151603ATB
157501ATR
157502ATR
157503ATR
163501ATB
163502ATB
163801ATB
163802ATB
163804ASS

367002ATB
378700ATB
378801ATB
378802ATB
378900ATB
385700ATB
385800ATB
385900ATB
423700ATB
427300ATB

165303ACS
170801ATB
173401ATB
173402ATB
173403ATB
174401ATR
174402ATB
174403ATB
174404ATB
177301ATB
177302ATB
177303ATB
178901ATB
178902ACR
180201ATB
180301ATB
180302ATB
180303ATB
182001ATB
182002ATB
184501ATB
185701ATB
185702ATB
188001ATB
188002ATB
188003ATB
189201ATB
192701ATB
193802ATB
194003ATR
194004ATR
19400SATR
196102ATB
196801ATB
196802ATB
198301ATB
201001ATB
201002ACR
201002ATB
201003ACR
201401ACS
201401ATB
468503ATB
469800ATB
469900ATB
470000ATB
470801ATB
472300ATB
472400ATB
472500ATB
476201ATB
477400ATB

201402ACS
201402ATB
201402ATR
201403ATR
201404ATR
201405ATR
201406ATR
201407ACS
201408ATR
201409ATR
201701ATB
201702ATB
201901ATB
202301ATB
202401ACS
202401ATB
202402ACS
202402ATB
209801ATB
211301ATB
211302ATB
212701ATB
213801ACH
216801ATB
216802ATB
216803ATB
221901ATB
222401ACH
222401ATB
222402ACH
222402ATB
222403ACH
222404ACH
222404ATB
231001ATB
231101ATB
231102ATB
235001ATB
235002ATB
235003ATB
235101ATB
235501ACS
511700ATB
513600ATB
513900ATB
515201ATB
515202ATB
515203ATB
518900ATB
519700ATB
519800ATB
519900ATB
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Drugs for hypertension

242402ACH 427400ATB 479701ATB 520000ATB
243401ATB 429201ATB 483101ATB 520100ATB
244701ATB 440300ATB 483102ATB 520901ATB
247101ACH 440700ATB 483201ATB 520902ATB
247101ATB 440800ATB 483202ATB 521200ATB
247102ATB 441201ATB 483401ACH 521300ATB
247103ATB 441202ATB 486501ATB 521400ATB
247104ATB 442600ATB 486502ATB 522000ATB
247601ACR 443200ATB 486900ATB 522200ATB
247603ATR 443300ATB 489100ATB 522300ATB
247605ACR 447000ATB 489501ATB 522400ATB
247605ATR 447100ATB 489502ATB 522600ATB
247606ATB 447200ATB 490100ATB 522700ATB
247607ATB 448600ATB 492800ATB 522800ATB
249401ATB 448700ATB 492900ATB 522900ATB
261900ATB 451301ATB 495800ATB 523000ATB
262000ATB 451302ATB 497900ATB 523100ATB
262100ATB 451303ATB 499200ATB 523200ATB
262200ATB 453600ATB 499300ATB 523300ATB
262300ATB 453700ATB 500500ATB 523400ATB
262400ATR 455400ATB 500600ATB 524000ATB
262500ATB 455500ATB 501601ATB 524100ATB
262600ATB 459801ACH 501602ATB 525000ATB
262700ATB 459801ATB 501701ATB 525100ATB
262800ATB 459802ACH 502600ATB 525200ATB
356201ATB 459901ATB 502700ATB 525300ATB
356202ATB 460101ATB 503000ATB 526300ATB
356202ATR 460200ATB 510401ATB 526400ATB
356203ATB 460500ATB 510402ATB 526500ATB
356203ATR 466000ATB 510403ATB 526800ATB
356400ATB 468501ATB 511500ATB 526900ATB
367001ATB 468502ATB 511600ATB 527000ATB
527100ATB 582400ATB 630200ATB 635100ATB
547500ATB 614500ATB 631300ATB 635200ATB
547600ATB 629400ATB 631600ATB 637400ATB
547700ATB 629500ATB 631700ATB 637500ATB
547800ATB 629600ATB 632201ATB 637600ATB
547900ATB 629700ATB 632800ATB 644100ATB
548000ATB 629800ATB 632900ATB 644200ATB
553301ATB 629900ATB 633000ATB 644800ATB
556200ATB 630000ATB 634900ATB

582200ATB 630100ATB 635000ATB

Drugs for diabetes mellitus

100601ATB 191501ATB 461801BIJ 520600ATB
100602ATB 191502AGR 461802BIJ 520700ATB
118301BIJ 191502ATB 461804B1] 523600ATB
118302BIJ 191502ATR 461830BIJ 523700ATB
132001ATB 191503ATB 461831BIJ 523800ATR
165401ATB 191504ATB 461832BIJ 524700ATR
165402ATB 191504ATR 469100ATB 525500ATB
165501ATB 191505ATR 471800ATB 525600ATB
165601ACS 215601BIJ 471900ATB 525901ATB
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Supplementary Table 1. Continued 2

Drugs for diabetes mellitus

165602ACS 215602BIJ 474200ATB 527301ATB
165602ATB 215603BIJ 474300ATB 527302ATB
165603ATR 215701BIJ 474300ATR 613301ATB
165604ATR 249001ATB 484901B1J 613302ATB
165701ATB 249001ATD 484902BIJ 616401ATB
165702ATB 249002ATB 484930BIJ 619101ATB
165703ATB 249002ATD 484931BI] 624201ATB
165704ATB 348001ATB 486101ATB 624202ATB
165801ATB 348002ATB 488701BIJ 624203ATB
165901ATB 348003ATB 488730B1] 626601B1]
167701AGN 379501ATB 488800ATB 626602B1]
170101BIJ 379502ATB 488900ATB 626630BI]
170102BIJ 379503ATB 489000ATB 626631B1]
170103BI] 406201ATB 497200ATB 626801BI]
170130BIJ 406202ATB 498100ATB 626802BI]
170131BIJ 417401ATB 498600ATB 626830B1]
170201BI] 417402ATB 500801ATB 626831BI]
170301BIJ 421100ATB 501101ATB 627301ATB
170302BI] 430201ATB 501102ATB 630300ATB
170401BI] 430202ATB 501103ATB 630400ATB
170402BIJ 430203ATB 502200ATB 630500ATB
170403B1J 431901ATB 502300ATB 630600ATB
170430BI] 431902ATB 502300ATR 631900ATB
170431BIJ 441301BIJ 502900ATB 632000ATR
170501BIJ 441302B1] 507000ATB 632100ATB
170502BI] 441303BIJ 507100ATB 635600ATB
170601BIJ 441304BIJ 507401BIJ 635700ATB
170602BI] 441305BIJ 512101BIJ 636101ATB
175201BI] 441330BIJ 512102BIJ 637200ATB
175202BIJ 441331BIJ 512130BIJ 639601ATB
175301BIJ 441332BIJ 512131BIJ 641800ATR
175302BI] 441333BIJ 513700ATB 641900ATR
175303BIJ 441334BIJ 513700ATR 642000ATR
175304B1] 443400ATB 518500ATR 644900ATB
175330BI] 443500ATB 518600ATR 645000ATR
175331BIJ 452700ATB 518800ATB

175332B1] 452900ATB 519600ATB

175333BI] 461200ATB 520500ATB

Drugs for dyslipidemia

111501ATB 157702ACR 227803ATB 473004ATR
111502ATB 157703ACH 227805ATB 478601ACS
111503ATB 157703A'TB 227806ATB 502201ATB
111504ATB 157703ATR 263400ACS 502202ATB
117101ATB 162401ACH 395501ATB 502203ATB
117102ATR 162402ACH 410301ATB 502204ATB
130401ATB 162403ATR 430301ACH 507800ATB
130402ATB 165001ACH 454001ATB 510600ATB
130403ATB 185801ATB 454002ATB 520301ACH
130404ATB 194901ACH 454003ATB 633800ATB
130405ATB 194902ACH 462201ATB 633900ATB
134001ACH 216601ATB 470901ATB 634800ATB
134001ATB 216602ATB 470902ATB 640700ATB
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Drugs for dyslipidemia

136901ATB
156101ACS
156102ACS
156801ACH
156802ACR
157701ACH

216603ATB
216604ATB
218001ATB
227801ATB
227801ATR
227802ATB

470903ATB
471000ATB
471100ATB
473001ATR
473002ATR
473003ATR

640800ATB
640900ATB
642301ACH
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Supplementary Table 2. Codes of biologic agents

Anti-TNF agents Adalimumab  Etarnercept ~ Golimumab  Infliximab  Certolizumab
488401B1J 455801BIJ 621201BIJ 383501BIJ 625330BIJ
488430BI]  455802BI]  621202BI]  383502BI]  625301BIJ
488431BI]  455803BI]  621203BI]
455830BI]  621230BI]
455831BIJ 621231BIJ
621232BI]
Other biologic agents Secukizumab Usterkinumab  Rituximab Abatacept  Tocilizumab Tofacitinib Baricitinib
except anti-INF agents 0 (0IBI]  615001BI]  422601BI]  S12201BI]  520401BI]  627204ATR  667901ATB
644602BI] 615002BI] 422602BIJ 512202BIJ 520402BI] 627202ATB 667902ATB
615030BI]  422603BI]  S$12230BI]  520403BI]  627201ATB
615031BIJ]  422630BIJ 520404BIJ
615032B1] 422631BIJ 520430BI]
422632BI] 520431BI]
520432BIJ

520433BIJ
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Supplementary Table 3. Codes of radiologic examination for the stroke screening

HE101 HE201 HF103 HEF203
HE102 HE235 HF104 HF305
HE135 HE236 HF105 HF306
HE136 HE301 HF106 HA441
HES501 HE302 HF107 HA451
HE502 HF101 HF201 HA461

HES53S HF102 HFE202
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Supplementary Table 4. Codes of medication for stroke treatment

Antiplatelet

110701ATB 111003ACE 492501ATB 244101ACE
110702ATB 111003ATE 498801ATB 244102ACH
110801ATB 253000ATB 501501ATB 239201ATB
110802ATB 253200ATB 517900ACH 239202ATB
110902BIJ 254300ACH 133201ACR 498900ATB
111001ACE 256800ATB 133201ATB 489700ACR
111001ACH 259100ACH 133202ATB 263300ACH
111001ATB 263300ACH 133203ACR 226101ATB
111001ATE 517900ACH 133203ATR 226103ATR
111002ATE 136901ATB 244101ACH

Anticoagulant
617001ATB 168602BIJ 152132BIJ 198407BI]
617002ATB 168603BI] 152133B1] 198430B1]
511401ATB 168605BIJ 152134BIJ 198432BIJ
511402ATB 168606B1J 152135BIJ 198433BI]
511403ATB 168607BI] 140201BIJ 450101BIJ
511404ATB 168630B1] 140202B1] 450130BI]
613701ACH 168631BIJ 140203BIJ 465801BIJ
613702ACH 152130BI] 140230BIJ 465802B1]
643601ATB 152101BIJ 140231BIJ 465830BIJ
643602ATB 152102BIJ 140232BIJ 465831BI]
643603ATB 152103BIJ 140233BIJ 446301B1]
249103ATB 152104BIJ 140234BIJ 446302BIJ
249104ATB 152105BIJ 198401BIJ 446303B1]
249105ATB 152106BI] 198402B1] 446304BI]
168601BI] 152131B1] 198403BI]

Intravenous thrombolytics

223501BIJ

223502BIJ
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Electroic data interchange (EDI) codes

Supplementary Table 5. Codes of procedures for stroke treatment

Meé6636, M6637, M6638, M6639
Me6630, M6631, M6632, M6633, M6634, M6635

Intra-arterial mechanical thrombectomy

Thrombolysis
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Supplementary Table 6. Factors associated with stroke occurrence in the patient and control groups of ankylosing spondylitis with
age 50 or older (adjusted by anti-TNF agents and the other biologic agents, respectively)

Hazard ratio (95% CI) P-value

Sex* Women 0.64 (0.54-0.75) <.001
Age 60-69 2.07 (1.67-2.57) <.001
70 or older 3.36 (2.71-4.16) <.001
Subscription of health insurance’ Self-employed subscribers 1.09 (0.92-1.29) 0.324
Medical aids recipients 1.44 (1.04-1.99) 0.030
Income level® Quintile 4 0.94 (0.71-1.24) 0.636
Quintile 3 0.89 (0.68-1.17) 0.406
Quintile 2 0.76 (0.59-0.99) 0.042
Quintile 1 0.77 (0.61-0.98) 0.036
Hypertension 1.29 (1.09-0.53) 0.003
Diabetes mellitus 0.90 (0.72-1.13) 0.362
Dyslipidemia 0.88 (0.72-1.07) 0.197
Atrial fibrillation 1.76 (1.31-2.37) <.001
Ankylosing spondylitis 0.91 (0.71-1.15) 0.423
Use of anti-TNF agents 0.90 (0.54-1.49) 0.675
Use of biologic agents other than anti-TNF agents 1.20 (0.71-1.15) 0.799

*Reference: Men, ' Reference: age 50-59, "Reference: employment based subscribers, $Reference: Quintile 5.
Moultivariable model was adjusted for sex, age, subscription of health insurance, income level, hypertension, diabetes mellitus, dyslipidemia,

atrial fibrillation, diagnosis of ankylosing spondylitis, use of anti-TNF agents, use of biologic agents other than anti-TNF agents.
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Supplementary Table 7. Factors associated with stroke occurrence in the patient and control groups of ankylosing spondylitis with
age 60 or older (adjusted by anti-TNF agents and the other biologic agents, respectively)

Hazard ratio (95% CI) P-value

Sex* Women 0.68 (0.56-0.82) <.001
Age' 70 or older 1.64 (1.36-1.97) <.001
Subscription of health insurance’ Self-employed subscribers 0.94 (0.77-1.14) 0.507

Medical aids recipients 1.20 (0.83-1.75) 0.327
Income level® Quintile 4 0.85 (0.61-1.18) 0.330

Quintile 3 0.83 (0.61-1.13) 0.240

Quintile 2 0.80 (0.60-1.08) 0.145

Quintile 1 0.88 (0.67-1.15) 0.339
Hypertension 1.16 (0.97-1.40) 0.112
Diabetes mellitus 0.87 (0.68-1.11) 0.250
Dyslipidemia 0.82 (0.66-1.01) 0.066
Atrial fibrillation 1.63 (1.18-2.24) 0.003
Ankylosing spondylitis 0.97 (0.74-1.27) 0.832
Use of anti-TNF agents 0.68 (0.35-1.33) 0.260
Use of biologic agents other than anti-TNF agents 0.82 (0.12-5.90) 0.847

*Reference: Men, 'Reference: age 60-69, "Reference: employment based subscribers, $Reference: Quintile 5.
Multivariable model was adjusted for sex, age, subscription of health insurance, income level, hypertension, diabetes mellitus, dyslipidemia,
atrial fibrillation, diagnosis of ankylosing spondylitis, use of anti-TNF agents, and use of biologic agents other than anti-TNF agents.
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Supplementary Table 8. Factors associated with stroke occurrence in the patient and control groups of ankylosing spondylitis with
age 70 or older (adjusted by anti-TNF agents and the other biologic agents, respectively)

Hazard ratio (95% CI) P-value

Sex* Women 0.73 (0.58-0.92) 0.008
Subscription of health insurance’ Self-employed subscribers 0.83 (0.64-1.08) 0.166
Medical aids recipients 1.30 (0.81-2.09) 0.270

Income level® Quintile 4 0.79 (0.49-1.29) 0.354
Quintile 3 0.95 (0.62-1.46) 0.800

Quintile 2 0.89 (0.60-1.32) 0.568

Quintile 1 1.13 (0.80-1.61) 0.489

Hypertension 1.03 (0.81-1.30) 0.814
Diabetes mellitus 0.87 (0.64-1.16) 0.338
Dyslipidemia 0.77 (0.59-1.01) 0.059
Atrial fibrillation 1.40 (0.95-2.07) 0.092
Ankylosing spondylitis 0.96 (0.68-1.36) 0.828
Use of anti-TNF agents 0.75 (0.27-2.10) 0.582
Use of biologic agents other than anti-TNF agents 0.00 (0.00-8.11E+223) 0.968

*Reference: Men, ' Reference: employment based subscribers, "Reference: Quintile 5.
Moultivariable model was adjusted for sex, subscription of health insurance, income level, hypertension, diabetes mellitus, dyslipidemia, atrial

fibrillation, diagnosis of ankylosing spondylitis, use of anti-TNF agents, and use of biologic agents other than anti-TNF agents.



