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Abstract

Background: The aim of this study was to invest

ankyl osing spondylitis (AS) patients in a nat:.
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Met hods: We conducted a nationwide cohort study
Heal th I nsurance Research Database. The AS coho
bet ween 2003 and 2013. Randomly selected non- AS
and index date. The endpoint of OSA was occurre
ratios (HRs) and 95% confidence intervals (Cls)
comorbidities and co-medications. Multivariate
mod el Due to violation of the proportionality
ri sk of OSA during specific follow-up periods.
Results: The adjusted HR (aHR) of OSA for the /
the control group. On | andmark analysis, aHR wa
from index date, and decreased to 1.816 (95% C.
anal yses increased risks of OSA in AS group cor
f emal es (aHRs were 4.533 (95% C. 1 .=1.441-14.
mal es, respectively). On age stratified anal ysi
aHR of 3.913 (95% C.1.=1.890-8.102)

Conclusions: A higher risk of developing OSA wa
year foll ow-up period, especially within 2 year

Key Words: Ankyl osing

spondyl itis,

oOobstructive

Statement of Significance

CKAAd A& GKS FANBRG addzRe G2 KFENWVSaAd yraAz2ylf LR2L
RSAONAOAY3I G(GKS [aa20AldAaz2y 06Si6SSy lyletz2aray3a a
aidzRe faz2z aK26SR UKS RAFFSNBYOS 2F YSRAOFGAZ2Y
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Obstructive sleep apnea (OSA) is a common <chr

on

upper airway during sleep, |l eadinlgiltmdisviekwpalfs a

present with apneas, hypopneas or respiratory
during sleep (apneai Rylpeo pemsetai mantdeedk , p rAeHM a |06 ¢ e
30 percent in males and 10 to 15 percent in f

five events per hour ds’Emeaswied dmepoaonloy £0omnao

e
i
en

am

events per hour, the estimated prevalent& iscan

popul at i ondebnaosnesdt rsattueddy a need t o r eawmids e rtelsee nd eefd

preval ence rates for Om&cdeBadér it @« svoewmemt BE@E8A 40AH

t hough OSA is not an i mmediate | ife-threatening
increase risk of hospitalization &nidherl e vimawe nmo
several stwudies showing that patients with OSA
costs, medication usage, emergency department v
OSA intht heCatisada ntmar k’>sraared 1Tai wan

Wel |l -defined risk factors for OSA include age,
soft tissue abnormalities. Potential riski’fldcto

Systemic autoi mmune di seases are characterized

activates the i mmune cells to attack autoant.i

ge

damage. , OSA has been |linked to infl%mmarefonre.c

correlation between autoi mmune diseases and OSA

shown an association between rheé&dmatoid arthrit

Ankyl osing spondylitis (AS) is a type of spondy

joint involveméhnh, adddteabhheeitiasf.fecting the
range of extra-articular manifestations, such

di se’ds’d#ae prevalence of OSA in AS patients is

m

a

h

but it is not easy t o?% Worstti fof wihteh pute vd etussi Isd d
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with small study popul ations. Or, they have bee
Therefore, they cannot be used to explain the t
research on the epidemiological relationship be
l ongi tudi nal nati onwide cohort study was conduc

are prone to the subsequent devel opment of OSA.

Materials and met hods

Data source

The Longitudinal Heal th I nsurance Research Dat
|l nsurance (NHI) program, which is a single-paye
in 2000. The randomly sampled beneficiaries (n=
2000. The 1997-2013 claim dataset s, including ¢
LHI RD were retrieved for anal ysi s. l denti fiers
was approved by the Institutional Review Board
number C€S15134), which waived the requirement f

subjects unidentifiable before analysis.

Patients with ankylosing spondylitis (AS)

This retrospective cohort study was conducted U
code: 720.0), as defined by the 1984 modi fied N
visits or 1 admission within 1 year by rheumat
4,990 AS patients and 917,042 non-AS individua
observe the risk of OSA from new-onset AS, we e
we excluded AS patients who did not receive sp
(n=672), or with OSA event bef ore AS diagnosi ¢

di agnosed with AS from 2003 to 2013, and the 1in
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The 1:4 age-sex individual

The index date for the control s

inclusion criteria and wer e

matched controls we.]

corresponded

ri sk at i ndex

|l denti fied events of obstructive sl eep apnea

Newly diagnosed OSA (1 CD-9

the end of the study (Dec 2013)

made by otol aryngol ogi st, neur ol ogi st , or chest

specific examinations (eg

(0. 45%) OSA cases diagnosed

respectively. There were 8 (0.

AS groups, respectively.

Confounding comorbidities and

The comorbidities analyzed

(1CD-9-CM code 250), hyperlipidemia

(COPD) (1 CD-9-CM codes 491,

208), chronic |iver diseases

hepatitis C (1CD-9-CM codes

(1CD-9-CM codes 41071414), dysrhyt hmia
CM code 428), stroke (1 CD-9-CM
asthma (I CD-9-CM codes 493) ,

rheumatic di seases (I CD-9: 714,

erythematosus (SLE) (1 CD-9

thyroid

327. 23, 780.

or withdr awal

pol ysomnography)
otolaryngol ogi st

36%) and 22 (0.25

co-medications

this study were

(1 CD-9-CM

492, 496), ast hma
(I Cb-9-CM code 571

070.41, 070.44, 070

codes 430 1438),

710, 696.0, 696

710.0), Sj°gr

code: 696.0, 696.1), I nformati on on comorbid
medi cal care and inpatient records in the NHI
confounders in this study were corticosteroids,

pump 1 nhi bitrogce gtPdPrl sgnt aHgoni st s, aspirin, or al

(1 CD-9-CNM

di sorder s
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bl ockers, beta- blockers, angiotensin-convertin
(ARBs), and calcium channel bl ockers (CCBs), or
sul fonylureas, alpha glucosidase inhibitors, th

of that drug for O 30 days within 180 days befo

Statistical anal ysi s

The chi-square test was used to test the homog:¢
After examining the proportional hazard assumpt
dependent . Therefore, |l andmark analysis was pe
interval s ( index date to 24 months and 024 m

regression models were used to estimate the cru
95% C. I .) . Furthermore, subgroup analysis was u
were performed (W drhsiSoANS O9s.04f;t WA SR 1A sp i taltwee I[Cag

indicated statistical significance.

Resul ts
After applying the inclusion and exclusion crit
8,840 controls were enrolled (Figure 1). Tabl

Among AS patients, 79. 14% were 20-59 years ol d

proportions of | ow-income househol ds, |l onger h
ot her rheumatic di seases, thyroid disorders, a
di sease, dysrhyt hmia, esophageal di sease, pepti
chronic kidney disease), and higher proportio
corticosteroids, PPI s, H2 receptor antagonists,

non-AS group. (Tabl e 2)

Tabl e 3 shows the HRs of OSA. On wunivariate mod

patients with AS. On multivariate modeling, t he
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patients with AS. The significantly associated
3.862), asthma (aHR=2.381, 95% C.I .= 1.036-5.4
5.259), and hepatitis B viral i nfection (aHR=3.
C.1.= 0.965-3.954) was borderline significantly
The incidence rates (per 100000 person months)
c.1.= 15.97-32.68) for control and AS groups,
models to examine the stability of aHR. The aHR
Cc. | =1.670-4.423) to 3.036 (95% C.I1.=1.891-4.87
Figure 2 indicates the cumulative proportions
proportion in AS group was observed and the | og
Kapl an- Meier curves and test for proportional a

|l andmar k analysis (Table 5) was conducted to ex
aHR was 7.919 (95% C. Il .=3.169-19.792) i n AS gr
1.816 (95% C.1.=0.944-3.494) at O 24 months fro
Table 6 shows the results of subgroup anal yses.
were 4.533 (95% C.1.=1.441-14.262) for females
stratified analysis (p for nteraction was 0. 7°

1.847 (95% C.1.=0.830-4.108)

C.1.=0.665-23.234) for

DI SCUSSI ON

To the best of our

data to investigate the OSA

ri sk of subsequent

stratified anal yses

group had a significantly

t hose

knowl edge,

devel opment of

reveal ed

for those 20-39, 3

060 .

this is the first

ri sk associated wit
OSA among AS
significant effect

hi gher rate of comorb
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independent risk factor for developing OSA afte
medi cations.

There are four significant findings of this stu
investigate the association between AS and the

Database is one of the | argest nationwide popul
million resided’tgei popal wanon-based studies can
correlates, and associations of disease, as wel
advantages include enormous sampl e 28Tihzee satnudd yl acc
were | arge enough to observe the risk variation
analyses to illustrate the interrelationships o
identify and appropriately monitor the high-ris
40-59 Third, the validity of the findings was

the diagnosis of OSA. Fourth, significant ri sk

19.792) was noted in the first 2 years after di
controlled by medications and physical therapy,
The underlying mechanism of the relationship be
mechani sms of OSA in AS patients include restr.i
temporomandi bul ar joint involvement, pharyngeal
restrictive puFPomeariys da spmassi.bl e role for cyto
with systemic irffl?2mmatory disorders.

Several Ilimitations should be considered when i
potential confounding factors, such as body mas
unavailable. Smoking increases the risk of OSA

used COPD as a proxy variable for cigarette smo
previ ou¥ 38tewcinadls. NHI RD did not provide detail ec
and it was therefore not possible to demonstrat
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Third, rel evant clinical

results were unavail abl e, ma Kk i

the risk of developing OSA. Ou

data on i mportant OSA risk fac

Concl usi on

This 12-year popul ation-based

both genders and those

ag

studi es ecommended to

i mport evaluate sl e

reduce further complicatio
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Table 1 Characteristics among groups

Control Patients wivhl A8

Age at index date

<20 524(5. 93%) 131(5. 93%)
20-39 4,116(46. 56 %) 1,029(4
40-509 2,880(32.58%) 720(32.
>=60 1,320(14.93%) 330(14.9
Sex 1.000C
Femal e 3,128(35. 38%) 782(35.
Mal e 5,712(64. 62 %) 1,428(64

Ur bani zati on

Ur ban 5439(61.53%) 1356 (61.
Sub-urban 2626(29. 71%) 648 (29
Rur al 775(8. 77%) 206(9. 329
Low i ncome 59(0. 67 %) 5(0. 23%

Length of hospital stay

0 7811(88. 36 %) 1855(83.94
1-6 621(7.02%) 197(8.91%)
7-13 211(2. 39 %) 96 (4. 34 %)
>=14 197 (2. 23%) 62(2.81%)

Co-morbidities

Ot her rheumatic di sempshevdy FTRoHODDPMME 8. 0001

Thyroid disorders MPHOMPT P MOOoDPCcT:0<. 0001
Ast hma OHMOOWDT KM PpOplDPoy:20. 0004
COPD pondécdnmBAOHOPPMM:rE. 0001
Hypertensi on MHHpPpOMO g TipomMT dMpP:s 00001

Di abetes mellitus cmMoocdPhomomMoTidTm20. 1884
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Hyperlipidemia YHMO PPHGPBRYPOMHDPPEEDO00O01
Coronary artery di saeasi@depdPnrmomoridrmzeg. 0001
Dysrhyt hmi a HOTOHWDcy:maOyondbydqgze6. 0001
Heart failure boomdnpzonomdociz00. 2209

Cerebrovascul ar acciHdgmmtoldvMmpovoodpmr:00. 0625

Esophageal disease odpcondny:BRBcoOMAPHREVLO0O01
Peptic ulcer THROYydOMdaepTOMAdDODMPEEDOO0O01
Hepatitis B virus i mfnemotHiPeimizv00dny:200. 0012

Hepatitis C virus | mciveat®icaslc BHOMDPAE:Z00. 13609
Chronic liver disea<sceiMOTONHROPpOMMDOPEAELOOO01L

Chronic kidney di seamg@omdhpy;:ro0060doxr:>00. 0002
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Tabl e 2 Medication among groups within 180 days €k

Control Patients with

NSAI Ds 4111(46. 50 %) 2032(91. 9!
I ndomet hacin 161(1. 82 %) 177 (8.
Piroxicam 298(3. 37%) 293(13. 2
Di cl ofenac 2224(25. 16 %) 1365(6
Nabumet one 20(0. 23 %) 57(2.58%
Naproxen 267 (3. 02%) 228(10. 32
Sulindac 133(1.5%) 308(13. 94
Tiaprofenic acid 81(0. 92%) 143 (
Tenoxi cam 46 (0. 52%) 56(2. 53%)
| buprofen 1204(13. 62 %) 502(22.
Celecoxib 76 (0. 86 %) 463(20. 9
Mef enamic acid 1495(16. 91 %) 560 (
Ketorol ac 283(3. 2%) 274(12. 4
Mel oxi cam 107(1. 21 %) 410(18. 5
DMARDS 112(1. 27 %) 752(34.03%)
Hydroxychl oroqui ne 17(0. 19 %) 89 (¢
Lefl unomi de O(0. 00%) 2(0. 09 %)
Met hotrexate 10(0. 11 %) 41(1. 8¢
Azathioprine 5(0. 06 %) 9(0. 41%
Ciclosporin 2(0. 02 %) 5(0. 23 %
Sul fasal azine 9(0. 10%) 680(30
Mi nocycline 81(0. 92%) 29(1. 31!
Corticosteroids 1147(12. 98 %) 6 32 (
PPI 169(1.91%) 109( 4. 93%)

H2 receptor antagoni st 1063(12. 02 %)

Aspirin 522(5. 90 %) 188(8.51%
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Or al anti hypertensive drugs 1263(14. 29 %)
Or al anti hyperglycemic agents 387 (4. 38%)
Statin 325(3. 68 %) 97 (4. 39 %)

Or al antihypertensudendr Agpha-Dbl ocker s, Beta- b

Oral antihyperginwcémdcnggB8ngsani des, Sul fonyl ur

Thi azolidinediones
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Table 3 Estimation the hazard ratio of OSA by wusi
Univariate modeling Mul t i
HR 95% C. I . aHR 9 ¢

Exposure of AS (ref: non AS)

AS patient 3.031 1.888-4.865 2.8
Age at index date (ref: 20-39)

<20 0.559 0.134-2.345 0.600
40-59 1.751 1.063-2.884 1.636
>=60 0. 754 0.313-1.817 0. 583
Sex (ref: Femal e)

Mal e 1. 957 1.106-3. 464 2.144
Ur banization (ref: Ur ban)

Sub-urban 1.224 0.746-2.008 1. 20
Rur al 0. 495 0.153-1.597 0.429
Length of hospital stay (ref: 0)

1-6 1.618 0.773-3.389 1.174
7-13 0.573 0.079-4.137 0. 457
>=14 2.414 0.756-7.7009 2.0009
Co-morbidities

Ot her rheumatic diseases 0. 438 0.061-3.15
Thyroid disorders 1.568 0.384-6.398
Ast hma 2.810 1.287-6.135 2.381
COPD 2.089 1.038-4.206 1.506
Hypertension 1.708 0.951-3.0609 1.
Di abetes mellitus 1. 438 0.622-3.321
Hyperl i pidemia 1.507 0.749-3.036 0
Coronary artery disease 2.120 0.971-4.62
Dysr hyt hmi a 1.523 0.479-4.842 0.9
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Heart failure -
Cerebrovascul ar accident 0.
Esophageal disease 4. 243
Peptic ulcer 2.121

Hepatitis B V3i.r90s7 i nfedti6e®m”- 9.

Hepatitis C virus infection
Chronic liver disease 2.
Chronic kidney diseasce -

Medi cati ons

483 0.067-3.47

2.226-8.089

161-3.874 1

025 3.551

1.191-4.130

NSAI Ds 1.625 0.iIXDBA 2. 8IXDBoAriXono
DMARDs - - Al
Corticosteroids 1.416n0PTInNn0. S1I060M.It& 8 T N
PPI 4. 403 1. OH7¢HLcIT7 . 976¥N M T TUMH PO H M
H2 Receptor 2.367 MPANYgS53NnHN&8AGin Pono
Aspirin 0.877 AdPilR- 6 N®DYyYy HpdPyoOoO
Anti hypertensive drugs 0 NnDH'21m n 4on.cn8tw-d8c. n0r2 7
Anti hyperglycemic agents Im. P5vI5H 5v n ®MH 2rdNesr AHLC HL

Statin 1. 662

M.PZ3vlb- 1 In.dOwMTle imn ®y no
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Table 4 Time to event analysis

Control Patients with
N 8,840 2,210
Foll ow up person mont hs 530518 13
Event of OSA 40 30
l nci dence rate* (95% C. 1 .) 7.54(5.53- 11
Mo d el 1: Crude hazard ratio (95% C.1.) Ref er
Mo d el 2: aHR (95% C. 1 .) Ref erence
Mo d el 3: aHR (95% C.1.) Ref erence
Model 4: aHR (95% C. 1 .) Ref erence

* per 100000 person months

Mo del 2: adjusted for demographic variables, i
Model 3: adjusted for demographic variables, |
Model 4: adjusted for demographic variables, |

baseline
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Table 5 Landmark anal ysi s

Control

Per son BEwertths Il ncidencePell 966/ (&

Follow up time interval
|l ndex date mpy@Mo mpnt he PHNOHBMHTIY Pmy §!mn
>24 months onmdpnp oH bPococ dbHTTMO Pm@lny

p for interaction

Tabl e 6 Subgroup anal ysi s

Control
Per son Bwertths |l ncidencePel( 968 &

Sex subgroups

Femal e mMmynpgcy vy! ndooOHIMT ITY PaiT W!T H

Mal e onpdpn oH hPPHpOCcPpnTTMO Ppwin c

p for interaction
Age subgroups

<20 o MQHnN m! odPMOoOONDPhNTHH PHIME

20- 39 Hpydoy M® ThPopondtpnvumeoma b n
40-59 McydpTtT wmT MAdny oc dHT Tmade lnap
>=60 TMplhd o! ndomMmpomPbpntmMmH @l o |

p for interaction

* per 100000 person mont hs
yAdjust for variables, including age, gender

stay, comorbidity, and drug use at baseline.
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