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Prevalence of long-term opioid use (%)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year
Long-term opioid user: 8,421 24,093 27439 30,691 33,294 35412 38,399 41,271 44,996 49,846
Total patients with CNCP: 1,808,043 1,835,044 1855017 1869978 1887462 1,901,335 1,907,627  1908,562 1904253 1,892,913
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Complications of Opioids

Natural

CENTRAL ILLUSTRATION: Mechanistic Framework for Cardiovascular

Receptor Agonism Vascular Effects Delayed Repolarization Conduction/Contractility
————— e |
Bl “;leal‘:j rate « Orthostasis G . hERG-blockade « Na* blockade
ViEleER e « Hypotension Dependency R RRCITI YT « Ca** blockade
K ; « Syncope « Anti-ChE
fsdiemic =) g q * Negative
.5 pre-conditioning ~ + Edema « QT-prolongation e
» Flushing 5 "
Loy . (histamine ~<———« Bradycardia
! o a
Chronic Use v
+ Sleep apnea T ——
. i . 14
Nocturnal fllypoxm. ABhience C:rdi:g Arerae 2 abuse
s iypstphacia/chesity withdrawalll Respiratory Arrest i
« Hyperglycemia !
1
------------ 4 ¥

Krantz, M.J. et al. J Am Coll Cardiol. 2021;77(2):205-23.

Opioids

Synthetic

* Acute MI
* Stress CM
« Atrial fibrillation

« Bacterial endocarditis
« Embolic stroke
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Insulin release

Glucagon release
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H 3-1) List of Korean Standard Classification of Diseases (KCD) codes used to

define the inclusion/exclusion criteria, outcomes of interest, and medical
conditions

Related diseases KCD codes

Musculoskeletal disease

_ N M05-MO06.9

Rheumatoid arthritis MO08.0-M08.89
N M13-M13.9

Osteoarthritis M15-M19.079

Low back pain

Gb4.1, G54.3, G54.4, G57.0-G57.12, M43.2-M43.5,
M43.8, M43.9, M45-M49, M49.2-M49.89,
M51-M51.9, M53, M53.2-M54, M54.1-M54.18,
M54.3-M54.9, M99, M99.1-M99.9

Neck pain Gb4.2, M50-M50.93, M53.0, M54.0-M54.09, M54.2

Gout

M10-M10.19, M10.3-M10.9

127.1, L93-L93.2, MO0-M03.0, M03.2, M03.6,
MO07-M08, M08.9-M09.0, M09.2, M09.8, M11-M12,
M12.2-M12.49, M12.8-M12.9, M14-M14.89,

Other musculoskeletal disorders M22-M25.879, M30-M32.9, M34-M36.8,

M40-M43.19, M65-M68.8, M70-M73, M73.8,
M75-M77.9, M80-M83.4, M83.8-M87.09,
M87.3-M89.59, M89.7-M95.9, M99.0-M99.09

Cardiovascular disease

Myocardial infarction 121,122
Congestive heart failure 150

Ischemic stroke 163
Cerebrovascular diseases 160-164, G45

Chronic Comorbidities

Hypertension [10-113, 115

Diabetes E11-E14
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N

H 3-2) Lists of drug ingredients

Classifications

Drung ingredients

Opioid

Strong opioids

Weak opioids

Antiplatelet drugs

Buprenorphine
Fentanyl
Morphine
Hydromorphone
Oxycodone

Codein
Dihydrocodeine
Hydrocodone
Tramadol

Aspirin
Cilostazol
Clopidogrel
Ibudilast
Prasugrel
Ticlopidine
Triflusal

Anticoaulant drugs

Non-vitamin K antagonist oral anticoagulant
(NOAC)

vitamin K antagonist

Gabapentinoids

Apixaban
Dabigatran
Rivaroxaban

Warfarin

Gabapentin
pregabalin

ofele} o] Zehiss Lejsigion]
Mol M3l 2yslgic) 1L
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=3
e UE & 2 5 = KCD

Myocardial infarction AUH 121,122

Ischemic stroke U 163

Hemorrhagic stroke k| 160,161,162

All stroke U 160,61,62,63,64, G45

Atrial fibrillation QUM 13 = Q2 23] oA 1480-1484, 1489

Diabetes QY 13| = Q2 23] o4 + S HokH| E11-14

A3E A2RAT £AF

1. M8k™4 & (Propensity score matching)

Qu]eolt A njxHtol tis) HYY S5 FE dedreo] Y, 4, HFE
2o ZEIAY FojR AHFA A, CCI, 2 A% (MI, CHF, cerebral
vascular disease) % °Fx% o (Gabapentin/pregabalin, NSAIDs, anti-plt,
anti-coagulant) A2lsto] 1:1022 w5 T.

2. SHEO " 2 2A D8(Landmark method and Cox’s model)

2010E0]A 2013 B ES FE g didez Jdhdzol 2ueole A4
FHRE oot Id® I oh3ofRE A2 Asto] 535t 24 wasklth
%, A+ AAl= Landmark method& 2-&sATHIH 3-1). o{7|A] o]-&5t BAY
H

<2 multiple Cox’s mdoel& AH&5tTt.
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Date of diagnosis Start of follow up (index date)

treated ﬁ I

treated  {} (@) mmm—n(Q) m—| —
untreated | (mmmm—
untreated. 1} (Cu— —

Landmark method
(22 3-1] HEDIT 9 AT

3. Time dependent Cox’s model

20104 H|YAIEZ 98F M3} tjAto 2 AthAE o] w3l 2014d7}A] Qu ot
A FFE ookl JddE O thEsiRE AZtd® Asto] 5HEet 34 wEs
Atk o714 o] &3t BARH2 multiple time dependent Cox’s mdoelS AM-&st

At

4. 1 2| YHS

2 A& == Kaplan-Meier survival estimate® F74oto] 1= & 1511
log-rank testE ©]-&sto] EAI4Ql A52 AASHAH. subgroup 412 AF (6041
n|gk 6041 o)), (e, o), AFAI(HEA], AR, Al&), A= (MI, CHF, cerebral
vascular disease), °F A% o (Gabapentin/pregabalin, NSAIDs, anti-plt,
anti-coagulant)oll et A3tE F4sHqct Gyl 42 &390 n|vt 91~180
) 181 o]/) ¥ nxtoll el multiple Cox’s mdoelS 3513t A4E A=
L owE 9 BEHA, oA AR 4 U MEEE J|SEATE el BaL
SAS 9.4 software(SAS Institute, Cary, NC, USA), A& “1d-2 R version 3.4.0
(2017-04-21), R Foundation for Statistical Computing, Vienna, Austria.2=
2Y3HATE §o £F 0.05 stollA AEFS AYstct

HItEERte| DTS F7IA8d ogdetae Zymel 2
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142
°=|-_|l A

A 21t

A2 v A SA B7IAE HHEEdd

Korea National Health Insurance Database
(97% of Korean population, N=48,067,488)

th chronic non-cancer pain

b
Total adult(18+) patients wi
and underwent National Health Exam (2010-2013)

(n= 16,987,629)

Sampling 5,000,000 from 16,987,629 subjects

Exclusion

any cancer (n= 121,261)

Underwent Surgery (n= 791,776)
Death(n= 2,064)

h

Final subjects with chronic non-cancer pain
2010-2013 (n= 4,084,899)

v ¥
37,600 opioid users 4,047,299 controls
included included
¥ Propensity score ¥
36,300 opioid users | matching 1:10 334,590 controls
included included

[ 4-1] Flow diagram on the study process

1. Xt 48
FUAGEY tidze of AAIY 97% 7ol sig=m, 2010d 7]
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7HRE Tt ARl 16,987,629% 0| Tt HElolEE 83t Ao Rlof Hlo]

B BAZFO] oHA 52 7<tsto] ramdom sampling© 2 5007 S

oA SdE AR}, s AYRR2AL AFGARE A Q]sal 4,084,899 1

HSWIAR At 50lA 90 ol miefAd &4 A2 37,6009 ©]

AL R 4,047,299 0]t} AMEZE 7|E 22 tiReT} 1:10 A4 bl
Z A

(Propensity Score matching, PS matching)e A5t o, 2FH 0=
36,300 T+t 334,590 2 oz HESEA2 ARSI

o7} b= Zlo@ Uehht, sjgFol BEE 2ol7} oA wA] thrE Frizlol
Aol 22 Bl Folie AFE2T thx RN 62-63412] Bl

=}
CCIQ 79 A&, tixa 22 o 3.0, 2.701910H, FgtolA 2% AZHA,
ARAol dishA sidake] 0.9%, 2.7% 7FF LAHO R 7RI QIITHE 4-1).
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(E 4-1) Baseline characteristics between non-cancer opioids users and controls
before and after propensity score matching

Before matching

After matching

Standardized Standardized
Opioid users Controls difference Opioid users Controls difference
(n=376,00)  (n=4,047,299) (n=36,300) (n=334,590)
Age, year 63.3x11.7 49.7+14.0 0.958 63.2+11.7 62.4+12.0 -0.004
Male sex 14,468 (38.5) 1,891,245 (46.7) -0.164 13,998 (38.6) 125,680 (37.6) 0.019
Income level
Low 11,522 (30.6) 1,080,224 (26.7) -0.064 11,514 (31.7) 103,014 (30.9) -0.025
Middle 11,518 (29.7) 1,310,742 (32.4) 11,149 (30.7) 101,446 (30.4)
High 13,649 (36.3) 1,514,592 (37.4) 13,637 (37.6) 129,436 (38.8)
Body mass index, kg/m? 24235 23.9+33 0.092 24235 243+34 0.001
Smoking status
None 26,518 (70.5) 2,608,459 (64.5) -0.137 25,551 (70.4) 239,470 (71.7) 0.036
Ex- 4,809 (12.8) 566,577 (14.0) 4,652 (12.8) 43,407 (13.0)
Current 6,270 (16.7) 871,845 (21.5) 6,097 (16.8) 51,019 (15.3)
Residence
Capital city (Seoul) 5,759 (16.4) 781,421 (19.3) 0.100 5,693 (15.7) 54,381 (16.3) -0.004
Metropolitan city 9,575 (25.5) 1,025,957 (25.4) 9,327 (25.7) 80,660 (24.2)
Rural 22,230 (59.1) 2,239,921 (55.3) 21,280 (58.6) 198,855 (59.6)
Comorbid conditions
CCl score 3.0£21 1.4+1.7 0.760 3.0£2.1 27%20 -0.001
Hypertension 19,950 (53.1) 963,725 (23.8) 0.628 19,233 (53.0) 177,082 (53.0) -0.001
Type 2 diabetes 9,235 (24.6) 454,573 (11.2) 0.351 8,893 (24.5) 81,299 (24.4) 0.004
Major cardiovascular
history
Myocardial infarction 337 (0.9) 14,300 (0.4) 0.069 327 (0.9) 2,872 (0.9 0.005
Congestive heart failure 1,036 (2.8) 28,027 (0.7) 0.157 986 (2.7) 8,864 (2.7) 0.005
ggg’s’;’;’a“u'ar 2966 (7.9) 106,479 (2.6) 0237 2857 (79) 26637 (80)  -0.005
Other chronic analgesic
use
Gabapentinoids 2,669 (7.1) 17,772 (0.4) 0.356 2,682 (7.1) 13,729 (4.1) 0.160
NSAIDs 20,892 (55.6) 191,584 (4.7) 1.333 20,207 (55.7) 173,533 (52.0) 0.097
Antithrombotic use
Anti-platelet agents 9,027 (24.0) 406,800 (10.1) 0.377 8,708 (24.0) 82,214 (24.6) -0.017
Anticoagulants 251 (0.7) 11,126 (0.3) 0.057 241 (0.7) 2,203(0.7) 0.001
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1) A7

<E 4-2>00|A EizHiel Zho] A7} o)A mield RIEA| AREAEoA] Hx
ol H|sl|A] AZ A 2R Qld-e 1.2080(95% CI 1.12-1.30, P=0.001) Z7}5+Ach.

B4 BERtol|A] mRebd X B A AFS T AT A YT T A ChHFEA S Al
U}, Lol et HeAsAl = 18~39A1 ol HIshA] ThE BE Aol A7) WAy
o] Sk, 804 o2l wollA+& 17.66H1(95% CI 10.88-28.55, P<0.001)7}
S7FsHATh.

Ao o Aol vl 1.66H1(95% CI 1.56-1.77, P<0.001), SAA}ollA 1.63u)
(95% CI 1.52-1.75, P<0.001) 7} S7Fekdct. &3t 1) S-S I8 71
4%, AZ74A(HR=3.73, 95% CI 1.52-1.75, P<0.001)2} A&

CI 1.52-1.75, P<0.001)& g2 Fo= A4 dyqd 57 } } AT
oFE A8} BAsiA = Gabapentinoid®}t NSAIDsE AH&-ah=

&toll HlshAl A2 M o] Srketth FEAA e TashAl = %%‘imiu Af

BollA= 1.248) 7ot ot F-5aA] ARE2 A7l WS

Al ZSi

_>rl

2) @8 HES

<H 4-2>0)4 Hizuie} o] HEA HESE AP vk nield XEA
AFGARO| A T tol| B]BA] EHAYQIE-S 1.16H](95% CI 1.12-1.21, P<0.001) 57}
Shict.

H|HS EtollA] miebd X EA] AFST S8 =HEF WA} welsiA oheiEAE
ATt yolel BRIsiAlE 18~39A] ol HIsHA th2 RE Aol B =HE
9 WAl S7HeH, 804 ol4e] wollAl= 23.96H1(95% CI 17.52-32.76,
P<0.001)7} &7Fstict.

A o Adof HIs| 1.228(95% CI 1.22-1.30, P<0.001), S AkollA] 1.28H)
(95% CI 1.23-1.34, P<0.001) 7} S7FstRict. ot 18, s 3A8ES 71l
749, AZAM(HR=3.73, 95% CI 1.52-1.75, P<0.001)2} Al (HR=1.42, 95%
CI 1.52-1.75, P<0.001)& Retir2 2o}t ojEof, HIAghs 9tH 1A go]
Ne deol= s1dA =HEFS IS 7kl
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At TR A= FEATA Q] AREToA = 1.288) F7Fetlon, AT
A= gy FEA ARETolA SR W9 g2 2.3781(95% CI
2.17-2.58, P<0.001) Z7}stich

H 4-2) Factors associated with incident Myocaridal infarction and Ischemic
stroke, including non-cancer opioid use

Myocardial infarction Ischemic stroke
HR 95% ClI  P-value HR 95% ClI P-value

Opioid use (vs. no use) 1.20 1.12-1.30 0.001 1.16  1.12-1.21 <0.001
Age group (vs. 18-39 years)

40-59 5.12 3.17-8.27 <0.001 45 3.29-6.15 <0.001

60-79 10.74 6.66-17.32 <0.001 13.7 10.04-18.7 <0.001

>80 17.62 10.88-28.55 <0.001 23.96 17.52-32.76 <0.001
Male sex (vs. Female) 1.66 1.56-1.77 <0.001 1.22 1.22-1.30 <0.001
Income level (vs. high)

Low 1.04  0.99-1.10 0.219 1.04 1.00-1.07 0.030

Middle 1.056 0.99-1.11 0.118 0.97 0.94-1.00 0.052
BMI (vs. 18.5-24.9 kg/m?)

(18.5 1.14 1.00-1.29 0.046 1.10  1.03-1.17 0.003

25-29.9 0.97 0.92-1.03 0.325 0.93 0.90-0.95 <0.001

>30 1.04  0.93-1.17 0.476 0.92 0.86-0.98 0.011
Smoking status (vs. none)

Ex- 1.07  0.99-1.16 0.094 0.97 0.92-1.01 0.126

Current 1.63 1.562-1.75 <0.001 1.28 1.23-1.34 <0.001
Residence (vs. capital city)

Metropolitan city 1.29 1.19-1.41 <0.001 1.31 1.25-1.38 <0.001

Rural 1.31 1.21-1.41 <0.001 1.5 1.44-1.57 <0.001
Comorbidities

CClI score (vs. 0)

1 0.92 0.82-1.04 0.161 1.11 1.04-1.18 0.002
>2 1.1 1.07-1.31 <0.001 1.2 1.14-1.26 <0.001

Hypertension 1.40 1.31-1.48 <0.001 1.38 1.34-1.43 <0.001

Type 2 diabetes 1.31  1.24-1.39 (0.001 1.21 1.17-1.24 {0.001
Major cardiovascular history

Myocardial infarction 3.73  3.32-4.20 <0.001 1.11 1.00-1.28 0.055

Congestive heart failure 1.42 1.28-1.59 <0.001 1.33 1.26-1.41 <0.001

Cerebrovascular diseases 1.04 0.97-1.13 0.287 26 251-2.68 <0.001
Other chronic analgesic use

Gabapentinoids 1.2 1.08-1.32 0.001 1.42 1.35-1.49 <0.001

NSAIDs 1.19  1.13-1.25 <0.001 1.15 1.12-1.18 <0.001
Antithrombotic use

Anti-platelet agents 1.24  1.17-1.31 (0.001 1.28  1.24-1.32 <0.001

Anticoagulants 0.98 0.77-1.25 0.862 237 2.17-2.58 <0.001
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3) 294 HEF % BE UEF
#3ol e shof ol u}ow Z‘%Xﬂ Ag Ao A T ol HlaHA ZEA

H11(95% CI 1.11—1.19, P<0.001) Z7}stqict.

H|QHA BHxtol| A kAR EA AFE 3} HEs|A HHEFEAS A3t Lol 3
dsl A= 18~394] ol HlsiA T BE dAPdold 284 HETH BE HEFS
2L el 7.

H82 o/l Hlsh 28 HESS RS S6HA] U, BE HESS
FAJoll A 1.188H(95% CI 1.14-1.21, P<0.001)7 }% Fetdct. =3t 234 HEF2
Aol 1EAE WS 7 B, I HIFWEES G o] Sl Aol
gt e e o s

HE HEF W2 d8 HEFT HIE EJIAE 7 AFolA STt
Shict.
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H 4-3) Factors associated with incident Hemorrhagic stroke and All stroke,
including non-cancer opioid use

Hemorrhagic Stroke All stroke
HR 95% ClI P-value HR 95% ClI P-value
Opioid use (vs. no use) 1.16 1.06-1.27 0.001 1.15  1.11-1.19 <0.001
Age group (vs. 18-39 years)
40-59 3.85 2.41-6.15 <0.001 365 2.89-4.36 <0.001
60-79 6.71  4.21-10.69 <0.001 8.64 7.04-10.60 <0.001
>80 9.03 5.63-14.49 <0.001 14.04 11.42-17.26 <0.001
Male sex (vs Female) 1.08 1.00-1.16  0.047 1.18  1.14-1.21 <0.001
Income level (vs. high)
Low 1.09 1.02-1.16 0.016 1.03 1.01-1.06 0.016
Middle 0.97 0.90-1.04 0.363 0.96 0.94-0.99 0.007
BMI (vs. 18.5-24.9 kg/m?
(18,5 1.32 1.16-1.51 ¢0.001 1.09 1.03-1.16 0.003
25-29.9 0.85 0.80-0.90 <0.001 093 0.91-0.95 <0.001
>30 0.69 0.59-0.80 <0.001 0.90 0.85-0.95 <0.001
Smoking status (vs. none)
Ex- 0.99 0.89-1.09 0.764 0.97 0.93-1.01 0.106
Current 1.06 0.96-1.17 0.227 1.18 1.14-1.22 <0.001
Residence (vs. capital city)
Metropolitan city 1.00 0.91-1.10 0.988 1.22 1.17-1.26 <0.001
Rural 1.05 0.97-1.14 0.225 1.42 1.37-1.47 (0.001
Comorbidities
CCl score (vs. 0)
1 1.1 0.97-1.27 0.119 1.12 1.06-1.18 <¢0.001
>2 1.19 1.07-1.31 <0.001 1.24  1.19-1.29 <0.001
Hypertension 1.45 1.36-1.55 <0.001 1.32 1.28-1.35 <¢0.001
Type 2 diabetes 1.02 0.96-1.09 0.539 1.17  1.14-1.20 <0.001
Major cardiovascular history
Myocardial infarction 1.19 0.94-1.51 0.151 1.09 0.99-1.19 0.066
Congestive heart failure 1.17 1.02-1.34 0.028 1.31 1.24-1.38 <0.001
Cerebrovascular diseases 2.32 2.156-2.50 <0.001 2.51 2.44-2.58 <0.001
Other chronic analgesic use
Gabapentinoids 1.36 1.21-1.52 (0.001 1.39 1.33-1.45 (0.001
NSAIDs 1.08 1.02-1.15 0.011 1.15 1.13-1.18 (0.001
Antithrombotic use
Anti-platelet agents 0.96 0.90-1.03 0.262 1.23 1.20-1.26 (0.001
Anticoagulants 2.19 1.80-2.67 <0.001 2.11 1.95-2.28 ¢0.001
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(E 4-4) Subgroup analyses for the association between non-cancer opioids use
and cardio—cerebral infarction incidence

Myocardial infarction Ischemic stroke
Number Event HR Poyalue  EvenNt HR Pvalue
(%) (95% CI) (%) (95% CI)
Age group
128 1.28 279 1.17
(60 years 12,784 (1.0)  (1.06-1.54) 0.009 22 (1.03-1.33) 0.014
631 1.18 2,242 1.15
>60 years 23,516 ©27)  (1.00-1.28) <0.001 95  (1.10-1.20) <0.001
Sex
373 1.15 1,042 1.10
Male 13998 57y (103128 0014 7.4)  (1.03-1.18 0003
386 1.26 1,479 1.21
Female 22,302 1.7)  (1.13-1.40) <0.001 6.6)  (1.14-1.28) <0.001
Residence
) 91 1.21 300 1.28
Capital 5,693 1.6)  (0.97-1.51) 0.087 53 (1.14-1.45) <0.001
. 178 1.12 579 1.67
Metropolitan 9,327 (7.9)  (0.95-1.31) 0.169 ©2)  (1.07-1.27) <0.001
490 1.24 1,642 1.14
Rural 21,280 2.3)  (1.12-1.36) <0.001 7.7 (1.08-1.20) <0.001
History of myocardial infarction
726 1.21 2,481 1.16
No BI o) (147-1.30 0000 69 (1.12-1.21) 0001
33 1.15 40 1.10
Yes 7 G0 ©oso-1e5) 2 (122 (79153 00
History of congestive heart
failure
721 1.21 2,381 1.17
No 3314 00 (.12-13) €0.001 €n (12122 <0.001
38 1.06 141 1.08
ves %6 309 (0.76-149) 0734 (142)  (091-1.29 0383
History of cerebrovascular
disease 676 1.22 1,926 1.16
No 33443 @9 (1.12—1.528 <0.001 65.98) (1.11—1.'222 €0.001
1.1 595 1.1
ves 287 09) (0s7-139) 044 208  (1.05-124) 0002
Gabapentinoids use
681 1.19 2,228 1.19
No 33,718 @0 (1.09-128) <0.001 €8 (14120 <0.001
7 1. .
ves 2582 300 (1.00-1.80) 0008 ©0 (085112 074
NSAIDs use
316 1.22 1,150 1.26
No 16,003 Gy 05137 <0.001 2 aaera <0.001
ves 20207 59y (1.00-1.33 <0001 68 (1.04-1.16 0001
Antiplatelets use
474 1.20 1,492 1.19
No 27,592 (12 87% (1'09_11'322()) <0.001 1(8 58 (1_13_112162) <0.001
ves 8708 33 (06130 008 (19 (105120 OO0
Anticoagulants use
754 1.21 2,466 1.16
No 009 91) (.12-137 <0001 68 (1.12-121) <0001
Yes o4 2 076 5550 % 116 0313

(2.1)  (0.30-1.89) (22.8) (0.87-1.63)
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4. QU|Q0|E AL S5 2X(subgroup analysis)
vleby QEA AFFetlN el n)g Bl TANDL S9ILE BAE
ARt @ uj o]t AREFUjol| A F4E Sk Fol tis AP 2] skl LEollA
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AEAY Fdax XﬂXﬂJ g R et Adaglo] ATt 518 HEF] WA
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™ AT, AR AYo] gl AREAREOIAl Ao = AMEAF

74 0] vhgolglo] ZkzF 1.2181(95% CI 1.17-1.30), 1.218H(95% CI 1.12

-1.31)7F S7Fstaict. ot A2AAM, AR ;A= o] gle ARgARRolA 22t 51

] ZZ0] Hhg9lF o] 1.16H1(95% CI 1.12-1.21), 1.178](95% CI 1.12-1.22) F=

At ol2gh A2 F-S1AY ol e mAbETollA AT SN HEFC
HAAE 7okt
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uig % mpepd WEA AHEE, TR 247 37,6000, 4,047,29990lA] i F ALE
T 36,2209, tHET 326,729 H|w R A5

TS0l AL 23} 2T BRolA 62~6342 HFIHLS Honw YL =
oA B 380 7HF At BMI= 24 AE& Uepdtt CCle] A$ AL g%
Z Z47F W 3.0, 2.70|19100, TRolA BT AT AR thsiA thiAke]
0.9%, 2.7% 7} IAZOZ 7F1 YUTHE 4-5).
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(® 4-5) Baseline characteristics for Atrial fibrillation between non-cancer opioids
users and controls before and after propensity score matching

Before matching After matching
Standardized Standardized
Opioid users Controls difference  Opioid users Controls difference
(n=376,00) (n=4,047,299) (n=36,220) (n=326,729)
Age, year 63.3+11.7 49.7+£14.0 0.958 63.2+11.7 62.5+11.9 0.97
Male sex 14,468 (38.5) 1,891,245 (46.7) -0.164  13,946(38.5) 122,177(37.4) 1.011
Income level
Low 11,5622 (30.6) 1,080,224 (26.7) -0.064 11,492 (31.7) 100,847 (30.9) 0.998
Middle 11,518 (29.7) 1,310,742 (32.4) 11,128 (30.7) 98,864 (30.3)
High 13,649 (36.3) 1,514,692 (37.4) 13,600 (37.6) 127,018 (38.9)
Eg%zmass index, 242435 23.9+33 0.092 24.2+35 24.2+3.4 1.031
(18.5 1,397 (3.7) 138,896 (3.4) 1,344 (3.7) 11,253 (3.4)
18.5-24.9 21,488 (57.2) 2,520,270 (62.3) 20,709 (57.2) 187,997 (57.5)
25-29.9 12,628 (33.6) 1,219,637 (30.1) 12,175 (33.6) 110,698 (33.9)
30+ 2,059 (5.5) 168,129 (4.2) 1,992 (56.5) 16,781 (5.1)
Smoking status
None 26,518 (70.5) 2,608,459 (64.5) -0.137 25,506 (70.4) 234,199 (71.7) 1.026
E;;gingﬂrre”t 4,809 (12.8) 566,577 (14.0) 10,714 (29.6) 92,530 (28.3)
Alcohol
consumption/week
Non 29,143 (77.5) 2,277,783 (56.3) 28,010 (77.3) 243,706 (74.6) 0.929
1-2 6,132 (16.3) 1,269,737 (31.4) 5,956 (16.4) 60,702 (18.6)
3+ 2,325 (6.2) 499,779 (12.3) 2,254 (6.2) 22,321 (6.8)
Residence
(Csae%ﬁ; city 5759 (15.4) 781,421 (19.3) 0.100 5693 (15.7) 54,381 (16.3) 0.982
Metropolitan city 9,575 (25.5) 1,025,957 (25.4) 9,327 (25.7) 80,660 (24.2)
Rural 22,230 (59.1) 2,239,921 (55.3) 21,280 (58.6) 198,855 (59.6)
Comorbid conditions
CCl score 3.0+2.1 1.4+1.7 0.760 3.0+2.1 2.7%x2.0 1.017
0 5,969 (15.9) 1,925,654 (47.6) 5,771 (15.9) 50,614 (15.5)
1 3,043 (8.1) 397,872 (9.8) 2,940 (8.1) 29,031 (8.9)
)=2 28,588 (76.0) 1,723,773 (42.6) 27,509 (76.0) 247,084 (75.6)
HTN 19,950 (53.1) 963,725 (23.8) 0.628 19,179 (53.0) 172,870 (52.9) 1
DM 9,235 (24.6) 454,573 (11.2) 0.351 8,869 (24.5) 80,033 (24.5) 1.002
Major CVd Hx
MI 337 (0.9) 14,300 (0.4) 0.069 325 (0.9) 2,871 (0.9) 1.021
CHF 1,036 (2.8) 28,027 (0.7) 0.157 964 (2.7) 8,427 (2.6) 1.031

CCl, Charlson comorbidity index; HTN, Hypertension; DM, Diabetes mellitus: MI, Myocardial infarction; CHF,
Congestive heart failure
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N

H 4-6) Factors associated with incident Atrial fibrillation, including non-cancer

opioid use

Atrial fibrillation incidence

HR 95% ClI P-value
Opioid use (vs. no use) 1.1 1.06-1.15 <0.001
Age group (vs. 18-39 years)
40-59 3.10 2.19-4.37 0.001
60-79 8.44 5.99-10.14 0.001
>80 11.65 2.77-13.30 0.001
Male sex 1.61 1.54-1.68 {0.001
Income level (vs. high)
Low 1 0.96-1.04 0.991
Middle 1.05 1.01-1.05 0.011
BMI (vs. 18.5-24.9 kg/m?
{18.5 1.02 0.93-1.11 0.683
25-29.9 1.06 1.02-1.09 0.002
230 1.23 1.15-1.32 0.001
Smoking status (vs. none)
Ex-or Current 0.97 0.93-1.02 0.204
Alcohol consumption (vs. none/week)
1-2 0.97 0.92-1.02 0.164
3+ 1.05 0.98-1.13 0.191
Residence (vs. capital city)
Metropolitan city 0.96 0.91-1.02 0.172
Rural 1.09 1.04-1.14 0.001
Comorbidities
CCl score (vs. 0)
1 1.19 1.10-1.29 0.001
22 1.28 1.21-1.36 0.001
HTN (vs. none) 1.52 1.46-1.59 0.001
DM (vs. none) 0.93 0.90-0.97 0.001
Major CVD Hx
MI 1.45 1.29-1.62 0.001
CHF 4.08 3.88-4.29 0.001

BMI, body mass index; CCl, Charlson comorbidity index; HR, hazard ratio; Cl, confidence interval
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[2& 4-3] Kaplan-Meier Curves for Atrial fibrillation among long-term
opioid users and controls patients

I 4-7) Subgroup analyses for the association between non-cancer opioids

use and A-fib incidence

Atrial Fibrillation

Number  —£0crt @) HR (95% Cl) __ P-value

Age group

(60 years 8,227 161(1.96)  1.26 (1.10-1.43)  <0.001

260 years 19,140 1,410(7.37) 1.18 (1.09-1.28) <0.001
Sex

Male 8,890 598(6.73)  1.07 (1.00-1.15) 0.038

Female 18,477 973(5.27) 1.11 (1.06-1.17) <0.001
Residence

Capital 4,017 219(5.45) 1.11 (0.99-1.25) 0.083

Metropolitan 6,822 399(4.97) 1.1 (1.00-1.21) 0.04

Rural 16,528 1,013(6.13) 1.10 (1.05-1.16) <0.001
History of myocardial infarction

No 27,115 1,5644(5.69) 1.1 (1.06-1.15) <0.001

Yes 252 27(10.71)  1.07 (0.08-1.43) 0.632
History of congestive heart failure

No 26,558 1,365(5.14) 1.12 (1.07-1.17) <0.001

Yes 809 206(25.46)  0.95 (0.84-1.08) 0.43

HR, hazard ratio; Cl, confidence interval
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3. O TSH AU SHY2E 24(subgroup analysis)
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H 4-8) Baseline characteristics between non-cancer opioids users and controls
before and after propensity score matching

Before matching

After matching

Opioid users Controls Sb Opioid users Controls Sb
(n=376,00) (n=4,047,299) (n=18,672) (n=173,777)
Age, year 63.3+11.7 49.7+14.0 0.958 60.6+11.9 59.8+12.1 -0.004
Male sex 14,468 (38.5) 1,891,245 (46.7)-0.164 6,989 (37.4) 125,680 (37.6) 0.030
Income level
Low 11,522 (30.6) 1,080,224 (26.7)-0.064 5,856 (31.4) 53,752 (30.9) -0.020
Middle 11,518 (29.7) 1,310,742 (32.4) 5,965 (32.0) 54,182 (31.2)
High 13,649 (36.3) 1,514,592 (37.4) 6,851 (36.7) 65,843 (37.9)
E;’/d%zmass index, 24.2+35 23.9+3.3 0.092  24.1+3.4 24.1+3.4 0.005
{18.5, 1,397 (3.7) 138,896 (3.4) 648 (3.5) 6,039 (3.5)
18.5-24.9, 21,488 (57.2) 2,520,270 (62.3) 11,220 (60.1) 104,382 (60.1)
25-29.9, 12,628 (33.6) 1,219,537 (30.1) 5,935 (31.8) 55,787 (32.1)
30+ 2,059 (5.5) 168,129 (4.2) 869 (4.7) 7,569 (4.4)

Smoking status
None
Ex-
Current

Exercise,
frequency/week

Non

1-4

5-7
Residence

Capital city
(Seoul)

Metropolitan city
Rural
FBS, mg/dL

Total cholesterol,
mg/dL

Family history (+)
of diabetes

Comorbid conditions
CCl score

26,518 (70.5) 2,608,459 (64.5)-0.137 13,202 (70.7)

4,809 (12.8)
6,270 (16.7)

566,577 (14.0)
871,845 (21.5)

21,807 (58.0) 1,978,515 (48.9)
13,240 (35.2) 1,757,348 (43.4)
2,653 (6.8) 311,436 (7.7)

5,759 (15.4)

9,575 (25.5) 1,025,957 (25.4)
22,230 (59.1) 2,239,921 (55.3)
103.2+£29.5

199.4+42.5

3,607 (9.3) 487,239 (12.0)

3.0+£2.1

2,293 (12.3)
3,177 (17.0)

10,606 (56.8)

6,832 (36.6)
1,234 (6.6)

781,421 (19.3) 0.100 2,948 (15.8)

4,913 (26.3)

10,811 (57.9)

98.5+£24.3 0.002

1.4%£1.7 0.760

94.4+11.4

196.1+39.3 0.025 201.9+38.9

1,701 (9.1)

24%19

125,575 (72.3)

0.041
21,295 (12.3)
26,907 (15.5)

95,209 (54.8) —0.040
66,243 (38.1)
12,325 (7.1)

29,042 (16.7) 0.001

42,642 (24.5)

102,093 (58.8)

94.3+£11.3 -0.004

201.3+38.3 0.018

16,013 (9.2)

2.2+x1.7 -0.013

CCl, Charlson comorbidity index; FBS, Fasting Blood Sugar; SD, standardized difference
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H 4-9) Factors associated with incident diabetes, including non-cancer opioid use

Diabetes incidence

HR 95% Cl P-value

Opioid use (vs. no use) 1.101 1.07-1.13 0.001
Age group (vs. 18-39 years)

40-59 2.53 2.35-2.73 <0.001

60-79 3.84 3.56-4.14 <0.001

>80 3.02 2.77-3.30 0.001
Male sex 0.98 0.96-1.01 0.165
Income level (vs. high)

Low 1.06 1.04-1.08 <0.001

Middle 0.97 1.00-1.05 0.033
BMI (vs. 18.5-24.9 kg/m?

{18.5 0.86 0.81-0.91 <0.001

25-29.9 1.33 1.30-1.35 <0.001

230 1.78 1.72-1.85 <0.001
Smoking status (vs. none)

Ex- 1.09 1.06-1.13 <0.001

Current 1.17 1.14-1.21 0.001
Exercise (vs. none/week)

1-4 0.97 0.95-0.99 0.002

5-7 0.98 0.95-1.02 0.27
Residence (vs. rural)

Capital city (Seoul) 1.03 1.01-1.06 0.008

Metropolitan city 0.99 0.97-1.14 0.225
FBS ) 100mg/dL 1.66 1.63-1.69 <0.001
Total cholesterol »200mg/dL 1.06 1.04-1.07 <0.001
Family history (+) of diabetes (vs no) 1.32 1.28-1.36 0.001
Comorbidities

CCl score (vs. 0)

1 1.27 1.22-1.31 0.001
22 1.3 1.27-1.33 0.001

BMI, body mass index; CCl, Charlson comorbidity index; HR, hazard ratio; Cl, confidence

interval
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[213 4-4] Kaplan-Meier Curves for Diabetes among long—term opioid
users and controls patients

(& 4-10) Hazard ratios for diabetes incidence by number of days opioids prescribed

gf:frigl ( 90 days 90-179 days 180+ fref:(;
aHR (95% CI) = Model 1 (1(;?2 (0.72,1%805) (1.07,11.i14(; (1.08,11.'118?; (0.001
aHR (95% CI) ~ Model 2 &ﬁg (0.73,1%81(; (1.06,11..114(; (1.07,11..1182) €0.001
aHR (95% CI) ~ Model 3 (12?3 (0.73,19681? (1.06,11.'1148 (1.07,11.'1182) €0.001
aHR (95% CI) = Modsl 1 (1.00—11.5318% (1ré?.(; (1.09—11.538 (1_12—11.5373> (0.001
aHR (95% Cl) = Model 2 (0.99—11.3172 (1ré?.(; (1.09—11.523 (1.10—11.5?2) (0.001
aHR (35% CI) - Model 3 (0.96—11.3133; (1ré?.(; (1.06—11.4272 (1.07—11.5207) <0.001

aHR adjusted hazard ratio, Cl confidence interval, ref. reference.

Model 1 Adjusted for age, sex, and body mass index.

Model 2 Adjusted for Model 1 plus smoking status, physical activity, household income, and
residence.

Model 3 Adjusted for Model 2 plus family history of diabetes, Charlson comorbidity index,
fasting blood sugar, total cholesterol
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(H# 4-11) Subgroup analyses for the association between non-cancer opioids use
and diabete incidence

Number Diabetes
Event (%) HR (95% CI) P-value

Age group

{60 vyears 8,245 (9.6) 1,793 (21.8) 1.13 (1.08-1.19) 0.001

260 years 10,427 (9.8) 3,465 (33.2) 1.08 (1.04-1.12) 0.001
Sex

Male 6,989 (10.1) 1,830 (26.2) 1.09 (1.04-1.14) <0.001

Female 11,683 (9.5) 3,428 (29.3) 1.11 (1.07-1.15) <0.001
Income level

Low 5,856 (9.8) 1,711 (29.2) 1.11 (1.06-1.17) <0.001

Med 5,965 (9.9) 1,162 (27.0) 1.09 (1.04-1.15) <0.001

High 6,851 (9.4) 1,935 (28.2) 1.1 (1.05-1.15) 0.001
Residence

Capital 2,948 (9.2) 799 (27.1)  1.09 (1.02-1.18) 0.017

Metropolitan 4913 (10.3) 1,395 (28.4) 1.12 (1.10-1.23) <0.001

Rural 10,811 (9.6) 3,064 (28.3) 1.1 (1.04-1.12) 0.001
History of Family Hx of diabetes

No 16,971 (9.7) 4,709 (27.8) 1.10 (1.06-1.13) <0.001

Yes 1,701 (9.6) 549 (32.3) 1.16 (1.06-1.27) 0.001
HR, hazard ratio; Cl, confidence interval
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(E 2Z£-1) Baseline characteristics between non-cancer opioids users and controls
before and after propensity score matching

Before matching After matching
Standardized Standardized
Opioid users Controls difference  Opioid users Controls difference
(n=376,00)  (n=4,047,299) (n=34,813)  (n=296,433)
Age, year 63.3+11.7 49.7+14.0 0.958 63.1+11.7 62.2+12.0 0.007
Male sex 14,468 (38.5) 1,891,245 (46.7) -0.164 13,338 (38.3) 109,762 (37.0) 0.026
Income level
Low 11,522 (30.6) 1,080,224 (26.7) -0.064 11,050 (31.7) 93,377 (31.5) -0.009
Middle 11,518 (29.7) 1,310,742 (32.4) 10,709 (30.8) 90,474 (30.5)
High 13,649 (36.3) 1,514,502 (37.4) 13,054 (37.5) 112,582 (38.0)
E:;’n‘qzmass index, 23.9+3.3 242435 0092  242+35 24.3+3.4 -0.015
Smoking status
None 26,518 (70.5) 2,608,459 (64.5) -0.137 24,531 (70.5) 212,332 (71.6) 0.035
Ex- or current 11,079 (29.5) 1,438,422 (35.5) 10,282 (29.5) 84,101 (28.4)
Residence
Capital city (Seoul) 5,759 (15.4) 871,421 (19.3) 0.100 5,437 (15.6) 48,501 (16.4) 0.006
Metropolitan city 9,575 (25.5) 1,025,957 (25.4) 8,965 (25.8) 73,250 (24.7)
Rural 22,230 (59.1) 2,239,921 (55.3) 20,411 (58.6) 174.682 (58.9)
CCl score 3.0+2.1 1.4+1.7 0760  3.0%+2.1 2.742.0 0.041
Immunocompromised
state
Chronic lung disease 6,987 (18.6) 145,731 (3.6) 0.850 6,480 (18.4) 28,218 (9.5) 0.262
'd’:l'::szatory bowel 118 (0.3) 7,028 (0.2) 0650 108 (0.3) 757 (0.3) 0.010
gg;oa”;; neurologic 5 497 (19.9) 283,675 (7.0) 0.359 6,848 (19.7) 56,272 (19.0) 0.017
Sizzgg”eato'ogic 4230 (11.3) 141,039 (3.5) 0.415 3,922 (11.3) 30,921 (10.4) 0.027
Hematologic disease 1,801 (4.8) 113,301 (2.8) 0.622 1,650 (4.7) 12,896 (4.4) 0.019
ig'{:‘;pf;gf;lon 5(0.01) 1,534 (0.04) 0.230 3 (0.01) 25 (0.01) 0.000
HIV infection 6 (0.02) 536 (0.01) 0.113 4 (0.001) 32 (0.01) 0.001
Immunosuppressive
drugs
i?nrfr:unosuppressant 7902 2371 0.1) 0214 73 (0.2) 543 (0.2) 0.006
Corticosteroids 251 (0.7) 11,126 (0.3) 0.329 3,528 (10.1) 16,003 (5.4) 0.180

CCl, Charlson comorbidity index; HIV, Human immunodeficiency virus.
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[18 2Z-1] Kaplan-Meier Curves for Herpes Zoster among
long—term opioid users and controls patients
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(E BEZ£-2) Subgroup analyses for the association between non-cancer opioids use
and Herpes Zoster incidence

Risk of zoster incidence

P-value
HR 95% ClI

Opioid use (vs. control) 1.38 1.35-1.41 <0.001
Age group (vs. 18-39 years)

40-59 years 1.86 1.71-2.02 <0.001

60-79 years 2.15 1.98-2.34 <0.001

>80 years 1.51 1.38-1.66 0.001
Male sex 0.83 0.81-0.85 €0.001
Income level (vs. high)

Low 1.00 0.98-1.02 0.912

Middle 1.02 1.00-1.05 0.031
BMI (18.5-24.9 kg/m?)

{18.5 kg/m? 0.83 0.78-0.87 <0.001

25.0-29.9 kg/m? 1.02 1.00-1.04 0.023

>30 kg/m? 0.98 0.94-1.02 0.237
Current smoking 0.91 0.88-0.93 <0.001
Residence (vs. rural area)

Capital city (Seoul) 1.05 1.02-1.07 <0.001

Metropolitan city 0.98 0.96-1.00 0.098
CCl (vs. 0)

1 1.07 1.03-1.12 <0.001

22 1.18 1.15-1.21 0.001

BMI, body mass index; CCl, Charlson comorbidity index; HR, hazard ratio; Cl, confidence interval
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